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Preface 

A zoonosis (derived from New Latin, zoo- animal -+ Greek nosos –disease-) is defined 
as an infection or disease that is transmissible from animals (vertebrates) to human 
beings. Sometimes there is also a vector involved in the transmission. Nevertheless, 
animals play a main role in maintaining the infections in nature. Zoonotic diseases
are mainly due to bacterial, viral or parasitic agents although “unconventional
agents “such as prions could also be involved in zoonotic diseases. Many of the
zoonotic diseases are a public health concern but also affect the production of food
of animal origin and thus they could cause problems in the international trade of
animal-origin goods. A major factor contributing to the emergence of new zoonotic
pathogens in human populations is the increased contact between humans and
animals. This is mainly due to either by encroachment of human activity into 
wilderness areas or by movement of wild animals into areas of human activity due
to anthropological or environmental disturbances. For all the described issues above,
some zoonotic diseases are emerging or re-emerging worldwide, thus the 
importance of these diseases worldwide is gaining major concern within the clinical
and veterinarian point of view. This book covers different aspects of zoonotic
diseases from epidemiology to some of the major zoonotic bacterial, viral and
parasitic agents worldwide. 

The first part of this book covers one of the most important aspects of any zoonotic
pathogen study which is the epidemiology and monitoring of these diseases. Different
epidemiological approaches are covered in chapter I of this book. The other sections
(chapter II) of this book are dedicated to bacterial (leptospirosis, brucellosis, anthrax)
and viral zoonotic agents of high importance all over the world. Parasitic agents 
(protozoa and nematode) are discussed and reviewed in chapters III and IV including
emerging and re-emerging zoonotic diseases affecting the world population and
animal origin goods international trade.

Finally and taking into account the effect of zoonosis in the veterinary and farming 
field, the last section of the book is dedicated to zoonotic agents affecting pets and 
farm animals. These pathogens are causing enormous economical damages all over the 
world. 
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Therefore, the authors and the editor of this book hope that the work compiled in it 
would help to raise awareness and interest in this field and also help researchers, 
clinicians and other readers in their investigations, clinical usage and as a source of 
information for any other aspects that zoonotic agents could be affecting. 

 
Dr. Jacob Lorenzo-Morales 

Senior Researcher at the University Institute  
of Tropical Diseases and Public Health of the Canary Islands, ULL 

Spain 
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Managerial Epidemiology and  
Zoonoses: Application of Managerial  
Epidemiology in Control of Zoonotic  
Disease in Bosnia and Herzegovina 

Semra Čavaljuga 
The Faculty of Medicine, University of Sarajevo, 

Bosnia and Herzegovina 

1. Introduction 
1.1 How to define managerial epidemiology? 

Managerial epidemiology is rather new subdiscipline of epidemiology defined by Fos and 
Fine (2005) as: the use of epidemiology for designing and managing the health care of 
populations—the study of distribution and determinants of health and disease, including 
injuries and accidents, in specified populations and the application of this study to the 
promotion of health, prevention, and control of disease, the design of health care services to 
meet population needs, and the elaboration of health policy.  

In order to fully understand all benefits in using management knowledge, approaches and 
skills merged with knowledge and practice of epidemiology let us consider several most 
frequently used definitions of management:  

- Management is an activity performed by people for organizations (Gram, 1991), 
- Management is a process of getting things done through and with people (Liebler, 

1999), 
- Management is the planning, organizing, leading and controlling of resources to 

achieve organizational goals effectively and efficiently (Jones, 1998), 
- Management is a process of modelling and sustaining of environment in which 

individuals work together in teams efficiently to reach targeted goals. (Weinrich, 1994) 

If we were to simplify this, we would say that management is a process of making and 
implementation of decisions through and with people.  

Similar to the case of definitions of term management, epidemiology is described in various 
terms,most recently as:  

- a study of the distribution and determinants of diseases and injuries in human 
populations (Mausner and Kramer, 1985).  

- a branch of medicine which deals with incidence, distribution and possible control of 
diseases and other factors relating to health (Oxford English Dictionary, 2011) 
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- a study of the distribution and determinants of health-related states or events in 
specified populations and the application of this study to the control of health problems 
(Last, 2001). 

By the Last's definition (2001), »study« includes surveillance, observation, hypothesis 
testing, analytic research, and the experiments; »distribution« refers to analysis by the time, 
place and classes of persons affected; and »determinants« are all physical, biological, social, 
cultural, and behavioural factors that influence health.  

Management science theory is a contemporary approach to management that focuses on the 
use of rigorous, quantitative techniques to help managers make maximum use of all 
resources to produce the best from them for the benefits of a company and its stakeholders. 
This approach includes various quantitative approaches to decision-making processes and is 
characterized by an interdisciplinary systemic approach. One of the examples is managerial 
epidemiology, which tries to combine epidemiology, with its main focus of interest in the 
population health control and disease prevention and application of management 
quantitative approaches. This is a challenge not fully answered yet. Having in mind the 
development of epidemiology – from merely observing and describing interesting health-
related events having the status of epidemics or just having some common characteristics 
among all cases (e.g. cholera in London 1854; Measles on the Faroe Islands 1846; Studies of 
smoking habits of Doll and Hill, 1947 and 1951) and today we can speak easily on 
observational and experimental studies conducted respecting all rules of applied 
epidemiological methods and there developments in the last 50 years,  one can expect some 
similar development of managerial epidemiology too.  

It has been an undisputed fact for more than a century that epidemiology is a main public 
health discipline. There is hardly any population health status assessment or strategy or a 
policy developed and/or changed without use of basic epidemiology principles.  

2. Basics of application of epidemiological principles in the assessment of 
health status of populations 
Many epidemiologists throughout the globe will say when explaining their daily work that 
they are searching for answers to 5 simple questions: who, what, where, why and how.  

First step in any managerial epidemiology activity is gathering information on population. It 
includes measurements of morbidity and mortality rates, particularly incidence rates (both 
cumulative and incidence rate) and prevalence rates. Disease frequency measurement is the 
basic point for any health status assessment. Absence of such data would make any proper 
assessment difficult, if possible at all.  

Starting point of any situation analysis is application of descriptive epidemiology principles 
and its three primary objectives in order to find a spreading pattern, as disease does not 
occur randomly, but rather in patterns that reflect the mode of operation of underlying 
factors. Description of the pattern by each of the characteristics requires a description of the 
three categories: person, place, time. These characteristics may directly or indirectly relate to 
the occurrence of a disease or event. In investigation of zoonotic disease outbreaks among 
humans, important facts necessary to establish would be contacts with animals or animal 
products, or, for some illnesses, presence in some specific area. 

Managerial epidemiology and Zoonoses: Application of 
Managerial Epidemiology in Control of Zoonotic Disease in Bosnia and Herzegovina 5 

An analytic study immediately and inevitably follows the descriptive study. Descriptive 
studies are used to identify health related problems and define number of cases and 
distribution of the disease within a population and serve to formulate a hypothesis of 
disease outbreak source and way(s) of transition. Analytic studies are concerned with 
disease determinants, and with very special methodology used in hypothesis testing, 
acceptance or rejection in order to confirm or reject the source or way(s) of transmission 
defined by the descriptive study. Case - control and cohort studies are particularly useful in 
zoonotic diseases outbreaks, such as food borne outbreaks.  

Descriptive studies or both descriptive and analytic studies are used as a basis for any 
planning, monitoring and evaluation of a prevention and/or control activity.  

In management of infectious diseases probably the most important epidemiological 
principle to observe is surveillance. It is an ongoing systematic collection, analysis and 
interpretation of outcome-specific data for use in planning, implementation and evaluation 
of public health practice (Thacker, 2000). All health care systems worldwide have 
established some kind of surveillance system for communicable diseases as structured 
systems for disease data collection. In order to meet its objectives, public health surveillance 
system, particularly surveillance of communicable diseases, should be legislated. It is very 
important to differentiate between monitoring and surveillance: unlike monitoring process, 
data obtained from surveillance system is considered information for action. Only with 
undertaking actions based on surveillance system findings of an event, such event can be 
modified. Modification usually means the end of disease transmission and outbreak or 
epidemic is called off.  

Strict observance of all the above mentioned basic epidemiological principles not only that 
makes health managers daily life easier, but also contributes significantly to population 
health status. If managers use modern management techniques, practice and skills, they will 
help health care system in making the best use of its resources to fulfil goals, objectives 
and/or targets in disease prevention and/or control.  

Having said this, we can also define managerial epidemiology application of basic 
epidemiological principles using modern management techniques, practices and skills in a 
disease prevention and/or control. 

3. Application of managerial epidemiology in control of zoonotic disease in 
Bosnia and Herzegovina 
3.1 Surveillance of communicable disease in Bosnia and Herzegovina  

To understand the communicable diseases surveillance system in Bosnia and Herzegovina 
(B&H), the enduring consequences of the 1992-1995 war and of the Dayton peace agreement 
must be taken into account. These consequences include a substantial decrease in human 
population, massive outward migration and widespread social problems. B&H is also a 
country still in transition from a communist regime and suffers substantial weaknesses in 
public administration, taxation system, public services funding and general economy. The 
Dayton peace agreement provided neither the legal framework for constitution of the 
ministry of health or agriculture at the state level and instead delegated the responsibilities 
for most of governmental functions related to health, food safety and agriculture to the three 
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state entities, the Federation of Bosnia and Herzegovina (FB&H) and Republic of Srpska 
(RS) and the independent district of Brcko (DB). This, coupled with a distinct lack of 
coordination between all involved stakeholders, has presented a major handicap to the 
country’s overall development during the post war period (Čavaljuga et al, 2009a).  

In addition, communicable disease surveillance, and/or public health surveillance in 
general, in developing countries such is B&H is marked by some specific issues:  

 human health care system organization is as an integral part of  government services, 
 communicable diseases surveillance systems are independent for two branches- 

veterinary and human health medicine. 

As described in that 2009 paper on the development of communicable diseases surveillance 
in Bosnia and Herzegovina through one health approach regarding reporting of 
communicable diseases in B&H nothing has being change significantly until present days: 
communicable disease reporting has being legislated throughout entire B&H for all 
administrative part: District of Brčko (DB), Federation of Bosnia and Hercegovina (FB&H) 
and Republic of Srpska (RS). In FB&H according to the Law on population protection 
against communicable diseases total of 84 diseases are mandatory for reporting; out of that 
almost 50% are zoonotic (Legislation FB&H 2005). In RS reporting of communicable diseases 
has being legislated by the Law on population protection against communicable diseases 
from 2010 (Legislation RS, 2010) – a total of 57 diseases and syndromes or diseases groups 
are mandatory for reporting. At the national – B&H level – there is no unified legislation or 
common list of communicable diseases required for reporting. Surveillance system is not 
based on case definition – there is no case definition standards implemented in the country, 
but case defining and reporting is done based on the clinical signs and symptoms according 
to the ICD 10th revision and is highly dependent on physician/clinician personal 
assessment and therefore variable. There is no laboratory-based surveillance and reporting 
to epidemiological departments; microbiological laboratories send their clinical results to the 
referral physicians only. This brings the question whether system of surveillance of 
communicable diseases exists at all. That is the reason why this paper we discusses 
reporting of a disease more than surveillance of diseases.  

When in the second half of the last century a decrease in number of communicable diseases 
was reported in B&H as well as in the rest of the world, particularly „classic“ zoonoses such 
as anthrax and rabies, an opinion was formed that prevention, treatment and, of course, 
control of communicable diseases, were not important or necessary anymore. However, 
such opinions were proved wrong when in Bosnia, like in the rest of the world, an increase 
in number of cases of unknown or hardly known diseases with no previous reports or 
sporadic reports has been recorded.  

As opposed to the veterinary sector, there is no national mandate for human communicable 
diseases reporting and control in B&H. Consequently, there is no unified system of 
surveillance for communicable diseases for the country. Health care finance, management 
and organization are the responsibilities of each of the state entities and each of them 
operates a separate health care system under their own authority. Accordingly, B&H has 
thirteen ministries of health for an estimated population of slightly more than four million 
people (B&H Agency for Statistics, 2010).  
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3.2 A brief overview of the situation with zoonosis in Bosnia and Herzegovina 

World Health Organisation (WHO) defines zoonosis as any disease and/or infection which 
is naturally "transmissible from vertebrate animals to man" (WHO, 1959), and emerging 
zoonosis as “a zoonosis that is newly recognized or newly evolved, or that has occurred 
previously but shows an increase in incidence or expansion in geographical, host or vector 
range" (WHO/FAO/OIE, 2004a). In paper of Čavaljuga (2008) the current situation on 
zoonotic diseases in Bosnia and Herzegovina was analysed with reflection to up-to-date 
knowledge on human pathogens and zoonosis.  

There are many research publications discussing known number of human pathogens, their 
structure and level of emergence. The range of the total number of human pathogens, 
according to such publications (Taylor et al., 2001, Hart; 2008, Woolhouse and Gowtage-
Sequeria, 2005) varies from 1,407 to 1,870 with similar percentage of zoonosis within: 58-
69%. Publication on the research conducted 2005 by Woolhouse and Gowtage-Sequeria met 
all criteria Čavaljuga was researching in 2008 in order to study the spread in Bosnia and 
Herzegovina of diseases with known human pathogens – pathogens that can infect more 
than one host, matching the WHO definition of emerging diseases; human pathogens with 
taxonomic classifications, defined by the WHO and the Centers for Disease Control and 
Prevention (CDC) criteria. The study survey identified 1,407 recognized species of human 
pathogens (Woolhouse and Gowtage-Sequeria, 2005). Out of them, according to the same 
research, 816 – 58% - were proved to be zoonotic; with the interesting fact that of the total 
177 were regarded as emerging or reemerging and 130 or 77% of them were found to be 
zoonotic. 

The list of emerging diseases is massive and all predictions say it will continue to increase in 
the future. About 600 human pathogens were found in the last 30 years (Hart, 2008), as a 
result of science improvement and technological achievements.  The grow this partly due to 
some other factors such as jumping from one species to  another – like in the case of bovine 
spongiform encephalopathy  (BSE) or Sin Nombre virus. Factors leading to such results are 
also mutations, natural selection and evolution processes, environmental changes, climate 
changes, increase in travel and transportation, but the role of the host factors cannot be 
neglected, particularly with behavioural and practice changes leading to immunity changes. 
It is not disputable that, regarding the growth of zoonotic diseases, growth in animal 
population for human consumption resulted in increase of animal zoonosis cases. 
Adaptability of microorganisms to various and changeable environmental factors should be 
taken into account as other contributing factor. The novel influenza strain virus – Influenza 
A(H1N1) 2009 pandemic should be seen as event already  proving such hypothesis.  

3.3 Zoonotic diseases in humans 

Major animal diseases with zoonotic potential in B&H by Čavaljuga et al in 2009 and based 
in greater part on her previous researches (Čavaljuga, 2008, 2009a)  according to the both 
human and animal health reports are: Anthrax, Brucellosis, Leptospirosis, Rabies, Q fever, 
Tuberculosis, and Trichinellosis, while consequent human cases were reported for 
Leptospirosis, Q fever, Brucellosis and Trichinellosis, with substantial number of 
contact/exposure to Rabies but without recorded clinical cases in humans. In addition 
several zoonotic diseases that are not covered by the national animal diseases reporting 
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systems are occurring in human population in B&H (e.g., Hemorrhagic fever with renal 
syndrome (HFRS)). Many of these diseases may be considered as emerging according to the 
above given definitions since no or few cases of these diseases were reported for the area of 
B&H in period before 1995.  

Table 1 contains reported frequency of human cases of zoonotic diseases for the period 2001-
2010.  

As the figures given in the Table 1 demonstrate, an increasing trend in case frequency is 
present for contact and exposure to rabies and Brucellosis, while the number of cases  
of Leptospirosis, Q fever, Trichinellosis and HFRS vary without presenting an obvious  
trend. 
 

                       year  
  Disease   2001 2002 2003 2004 2005 2006 2007 2008 2009 2010* 

Leptospirosis 26 40 15 11 79 56 32 41 22 9 
Q fever 18 250 29 314 60 71 69 30 30 15 

Contact and 
exposure to rabies 59 16 173 151 141 140 140 151 145 156 

Brucellosis 5 14 48 90 137 156 513 994 460 25 
Trichinellosis 41 110 75 68 82 23 47 17 32 0 

HFRS 8 143 9 6 17 10 10 16 5 2 

Table 1. Reported frequency of human cases of Leptospirosis, Q fever, Brucellosis and 
Trichinellosis along with frequency for contact/exposure to rabies for period 2001 – 2010 
(source: SFOR/EUFOR Communicable diseases bulletins, 2001 - 2010) 

3.4 Zoonotic diseases in animals 

B&H did not have the central level administration and national disease control and 
surveillance plan during the period from 1995 to 2003. This created a negative influence on 
the animal health situation and isolated the country from regional and international markets 
for animals and animal products. Reliable animal disease data were almost non-existent 
during the immediate post-war period (Cornwell et al, 2000). Initially, disease information 
was passively acquired. Collection was sporadic and most commonly initiated in response 
to public pressure. The usual response to a disease outbreak was implemented through a 
policy of test and removal of positive animals. This was hampered by a lack of sufficient 
funding for farmer's compensation resulting in limited reporting of disease suspicion by 
animal caretakers. The following zoonotic diseases were reported by sources from entity’s 
and DB veterinary sectors: Anthrax, Brucellosis, Leptospirosis, Rabies, Q fever, 
Tuberculosis, and Trichinellosis; as shown in Table 2. The most remarkable are the figures 
on brucellosis cases both in large and small ruminant population, but also steady presence 
of rabies in domestic and wild animals (predominantly foxes). Other diseases listed in the 
table were present in animal population in B&H on sporadic or endemic levels. It is very 
important to point to the decline in number of Brucellosis cases among animals as well as in 
humans as direct result of all the prevention and control measure used by respecting 
application of both the epidemiological and management principles by all sectors and levels.  
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            year 
     Disease           2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Anthrax - 3 1 - 3 - - 2 - 11 
Brucellosis-small 

ruminants 16 11 168 787 838 2.263 6.830 22.122 2.426 294 

Brucellosis- cattle 28 47 4 28 48 32 76 260 214 99 
Leptospirosis 106 93 18 34 10 15 24 1 1 1 
Rabies – wild 

animals 68 55 60 39 35 64 51 85 44 36 

Rabies – domestic 
animals 26 15 15 17 5 13 9 20 28 11 

Q fever 448 98 220 184 122 166 11 21 2 411 
Tuberculosis 3 1 4 2 1 - - 2 45 4 
Trichinellosis 180 158 164 156 146 146 202 91 58 66 

Table 2. Data on frequency of zoonotic diseases in animal population in B&H from 2001 to 
2010 (animal health data base, State Veterinary Office of B&H) 

3.5 A common–one health–approach to the prevention and control of zoonoses in 
B&H 

Improvements in functioning of the animal health sector became apparent after the State 
Veterinary Office of B&H was established in December 2000, under the Ministry of foreign 
trade and economic relations of the national government. Since then, measurable efforts 
have been implemented within country’s veterinary administration with the aim to fulfil the 
requirements for accession to the World Trade Organization (WTO) and harmonization with 
animal health standards of the European Union (EU). However, one of the main goals still 
remains to reassess the current animal disease information system and adjust it to prevailing 
surveillance requirements. 

Simultaneously, but independently, work has been done to strengthen surveillance of 
communicable diseases systems in the human health sector in accordance with WHO and 
EU standards. Even superficial comparations of the above zoonosis data in B&H collected 
independently from animal and human sectors proved the necessity of future coordination 
of activities between animal health and public health agencies. This has been underscored 
during the last decade situation with Avian Influenza and potential threat of a pandemic 
influenza new strains. Baring in mind that at least 61% of all human pathogens are zoonotic, 
and have represented 75% of all emerging pathogens during the past decade (Acha et al, 
2003) prevention activities for Avian and Pandemic Influeza in B&H have shown possible 
that a common approach can and should be used. This is true not only for this particular 
disease, but also more widely on all zoonosis. This common approach fits the  widely and 
globally propagated “one health” concept. This concept represents a more holistic approach 
to preventing disease for the benefit of humans and their domesticated animals.  

The quoted studies Čavaljuga in 2008 and 2009 and updates until 2010 (presented in tables 1 
and 2) indicate, as the most interesting, the data on brucellosis. Until 2000 only sporadic cases 
were reported (Gaon in 1952, described first 2 cases in BiH, and one more outbreak with about 
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40 cases was recorded in 1985 on mountain Manjača near Banjaluka (RS)) (Gaon et al 1989, 
Dautović-Krkić et al, 2006). Brucellosis outbreak investigation in 2000 proved that Brucellosis 
first appeared among persons who got the donated animals at the area of Zenica-Doboj 
Canton (Dautović-Krkić et al, 2006). Afterwards, due to mobility of small ruminants – 
commonly sheep as major hosts of brucelloses in B&H – outbreak slowly spread to the 
epidemic throughout entire B&H (FB&H & RS Bulletins, 2000-2010, CDC, 2007). Today, 
brucellosis in Bosnia and Herzegovina is considered endemic. In all outbreak investigations 
and analyses commonly made only in FB&H until 2007 and starting from 2007 in RS as well, 
the most dominant mode of transmission was direct contact with sick animals, found among 
more than 90% of cases (FB&H & RS Bulletins, 2000-2010). Number of brucellosis cases among 
both humans and animals was significantly increasing in the observed period, according to the 
findings of Čavaljuga in 2008 - particularly during 2006 and 2007, reaching their pick by the 
end of 2008: 9941. Morbidity rates (such as incidence) cannot yet not be calculated with 
relevant precision, as denominator – population number - is only estimated, and the last 
population census in B&H was done 1991. The data on brucellosis from 1996 to 2007 were 
extrapolated using Holt’s linear trend method, as greater significance is given to the recent 
data for the most optimal period by this method, which was 4 years for all analysed diseases, 
based on the known data for 12 previous years. Trend for brucellosis among humans showed 
almost exponential growth. The original graph is presented as graph 1.  
 

 
Source: Cavaljuga, 2008 

Graph 1. Brucellosis human cases in B&H trend – based on data 1996-2007 

Based on the presented numbers it is easy to conclude that adequate control and prevention 
measures were not undertaken. However, regardless of almost 500 cases in FB&H in 2007, 
and even more in first 6 months of 2008 (when the research was conducted and paper was 
submitted for publication) an outbreak/epidemic has never being called on for the 
                                                                 
1 This data was not included in the cited paper from 2008, as the paper was submitted for publication 
July 2008. Thus, 2008 number of reported cases was not included in the extrapolation. 
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Federation, but only for most attacked cantons. In order to undertake adequate control and 
prevention measures it was necessary to call the situation an outbreak. In her paper in 2008, 
Čavaljuga concluded: “...strategy of disrupting this pathogen transmission from sick animal 
to human with long term strategy of brucellosis elimination is something B&H still has not 
developed. Recommended steps for action are given, among other recommendations, in the 
report of the CDC team mission conducted in July 2007 (CDC, 2007): introducing 
standardized case definition for this (but to for the other diseases as well) implemented as 
recommended by WHO/EU Communicable Diseases Surveillance Guidelines (WHO, 2006); 
set laboratory criteria for classification of confirmed, possible and suspect cases according to 
the WHO and EU recommendations (WHO, 2006); introduce regular training for all physicians 
and all relevant heath workers for a case recognition and reporting, as well as additional 
training in use of analytical epidemiology and laboratory techniques; and, perhaps the most 
important: zoonotic diseases investigation should be conducted in both human and animal 
sectors. Some 1,200 cases of brucellosis in 2011 is not only a result of statistical extrapolation, 
but reality. Severity of clinical signs and symptoms indicate that each case costs, directly or 
indirectly, 1,000 BAM (B&H currency, about 510 Euros) at the minimum. The question is can 
we afford not to do anything despite the fact that at this moment brucellosis is the only 
emerging zoonosis at this moment in Bosnia and Herzegovina?” 

The following is the story on brucellosis in Bosnia after 2008: the outbreak was admitted but 
never official proclaimed by the respective entity governments as by the end of 2008 the 
total number of reported cases was 994, and almost all the suggested measures were 
undertaken. Laboratory capacities were strengthened, all professionals involved in the 
brucellosis investigation, treatment, prevention and control were trained using different 
methodologies, and veterinarian sectors increased their efforts as well as level of activities in 
control the disease among animals. Major activities started in 2009. With the strong funding 
support by the Swedish Development Agency and the Swedish Embassy that enabled 
purchasing animal brucellosis vaccines through public procurement procedure as well as 
equipment and supplies required for implementation of sheep vaccination program 
activities. All competent agencies from the veterinary sector in B&H were actively involved 
in implementation.  

The result of the described implementation of relevant managerial and epidemiological 
principles in human health protection is easily seen from table 1: number of registered 
human cases in 2010 was 25 and in sheep 294.  

There are other examples on implementation of various epidemiological principles with 
managerial approach in health status assessment or strategy/policy developed or changed 
in disease prevention and/or control, such as the study on flock level risk factors for ovine 
brucellosis in several cantons of Bosnia and Herzegovina (Šerić-Haračić et al, 2009). It also 
contributed to the previously mentioned successful story on fight against brucellosis 
epidemic in Bosnia and Herzegovina. 

Brucellosis reports in recent years indicated an increase in the number of reported outbreaks 
in ruminants, especially sheep. The objective of such studies was to investigate risk factors 
associated with the brucellosis status of sheep flocks in several cantons of Bosnia and 
Herzegovina. A cross-sectional study was conducted on 138 sheep flocks during the period 
of July-September 2005. The brucellosis status of the flocks was established through 
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Source: Cavaljuga, 2008 

Graph 1. Brucellosis human cases in B&H trend – based on data 1996-2007 
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1 This data was not included in the cited paper from 2008, as the paper was submitted for publication 
July 2008. Thus, 2008 number of reported cases was not included in the extrapolation. 
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serological testing of serum samples using Rose Bengal and complement fixation tests 
applied in series. Data on risk factors were obtained through a study questionnaire. Risk 
factor analysis was performed using logistic regression analysis. The brucellosis risk factors 
identified were those usually associated with traditional management of small ruminant 
flocks in this region. It was concluded by the authors that the risk based approach to the 
disease surveillance would increase the overall sensitivity of the disease detection and allow 
more effective allocation of limited resources for disease containment. However, in order to 
reach comprehensive and scientifically based disease detection program, further 
investigation of disease epidemiology are needed. Following this study, future studies were 
suggested as needed to reliably establish small ruminant brucellosis prevalence and 
incidence in the country and investigate specific relationship between brucellosis in humans 
in animals. That would improve the market competitiveness of domestic sheep production 
by increasing consumer trust, and most importantly, help in prevention of human cases. 

Another one is describing conducted case control study of food borne illnesses in humans in 
the central region of Bosnia and Herzegovina during 2006 (Čavaljuga et al, 2009b). As part 
of the feasibility study for the Regional center for food, agriculture and veterinary medicine, 
financed by the EU RED (Regional Economic Development) fund, a random survey of 
population sample in Srednjobosanski and Zeničko- dobojski canton, was conducted during 
2006. In the overall sample of participants investigators identified cases (families with 
recorded cases of food borne illnesses in previous year) and controls. Cases and controls 
were matched one on one, according to the family size (number of adults and children), 
education level of adults and category of monthly income. Investigated outcome was 
recorded dichotomously and numerically, as well as the type and kind of the incriminated 
food source and severity of clinical symptoms. The study showed that nowadays, food 
represents much higher risk for human health despite increased attention given to the food 
safety by today’s consumers, producers and food inspectors. The study was conducted to 
prove that integration and industrialization of food production chain and implementation of 
the surveillance system “form stable to table” has decreased frequency of outbreaks of food 
born diseases and concurrently increased magnitude of their consequences (number of 
cases, severity of clinical symptoms, antimicrobial resistance etc.). The lack of a uniform 
reporting system on food borne illnesses in humans, under- reporting and poor 
communication between veterinary and public health sectors in Bosnia and Herzegovina 
(B&H) additionally impair insight into the state and size of the problems in this area. 
Certain progress in forming and strengthening of the institutional capacities as well as 
recent frequent occurrences of “food poisoning” had have huge impact on reaffirmation of 
the needs for systematic epidemiological research in the area of food safety.  

Although number of food borne illnesses cases was not quite high, there are not yet - by the 
end of 2011 - a uniform reporting system for both sectors – human and animals.  

4. Instead of a conclusion  
There are various risk factors which contribute to the emergence and spread of zoonotic 
diseases including social, technological, ecological and microbial. However, the greatest risk 
factor may be the existence of inadequately resourced and ill-prepared public and animal 
health systems, as well as the lack of a well-coordinated and effective global surveillance 
and response mechanisms (WHO/FAO/OIE, 2004b).  
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In B&H, the first step in overcoming any specific or general disease threat is strengthening 
the communicable disease surveillance systems and methodology for both human and 
animal sector at the national level. In addition, reliable surveillance systems in both sectors 
should serve simultaneously as an early epidemic warning system and provide the objective 
rationale for public health intervention. Early detection of communicable diseases and 
immediate public health intervention can curtail the numbers of communicable illnesses, 
deaths and negative effects on both national and international health, travel and trade 
(Čavaljuga et al, 2009a).  

In the post-war period B&H, a country in transition has been dependent on international 
assistance given separately to both sectors by various international and development 
organizations towards meeting international standards for animal and public health. The 
most significant and sustainable contribution by international parties to both sectors was 
and still is the improvement of diagnostic capabilities and transfer of the most advanced 
knowledge on epidemiology principles with disease surveillance planning. In order to 
promote and strengthen linkages between animal and human health sectors in the country 
which proved by the cited publications and studies as very successful strategy to fight 
against zoonotic diseases, a more active role needs to be taken in learning and exploiting 
modern managerial techniques, knowledge, principles and skills and implementing those 
ones in realization of common priorities and goals.  

If not done through merging all available resources including knowledge and experience in 
humans as the most powerful as well as the cheapest resource of all - team approach and work 
in systemic planning and complementary actions and in development of infrastructure and 
expertise around public health and veterinary system – one health –control and/or prevention 
of any communicable disease, particularly zoonotic diseases will  fail to meet its general 
purpose of optimal, high-quality and cost-effective protection of human health and welfare.   

To be proficient in a field of science is good, but to be proficient in many fields is an accomplishment! 
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1. Introduction 
Reliable, comprehensive and comparable information on the impact of (zoonotic) diseases 
on population health are important for policy decision making in Public Health to support 
allocation processes of scarce resources with best available evidence. Although the 
availability and quality of health data has increased in the recent past (Boerma et al. 2007, 
Murray, 2007), there are still relevant limitations when traditional health indicators are used 
to prioritize diseases and to allocate resources for intervention measures. Difficulties 
especially come up when comparisons over time, between sub-groups or even between 
diseases are intended. 

In the past, major efforts have been made to describe adverse health effects on population 
level by using traditional epidemiological indicators such as mortality and the derivative life 
expectancies (e.g. Greenberg et al. 1989; Shi 1993). Infant mortality rates, life expectancies at 
birth and other indicators from this group are estimated using information on mortality and 
thus only reflect the fatal contribution to disease burdens. The morbidity of human 
populations is usually assessed by using incidence or prevalence measures, giving no 
information on the severity of the disease for human health. Comparability of disease 
impacts on the health of populations and health related quality of life is limited due to the 
characteristics and the large variety of indicators. Composite measures such as Health 
Adjusted Life Years (HALYs) aspire a comprehensive and comparable description of the 
burden of disease by integrating the impact of both, mortality and morbidity on population 
health. Especially for zoonoses which can significantly contribute to mortality as well as 
morbidity, the concept of HALYs can be a helpful technique to comprehensively assess the 
burden of disease. In addition HALYs can also be an useful metric for the intangible costs of 
morbidity and mortality to be used in economic analyses evaluating potential control 
programs for zoonotic diseases considering also their impact on human health. 

Zoonoses were historically defined as diseases only affecting the animal species. In a 
postulate from 1959 the World Health Organization (WHO) defines zoonotic diseases as an 
“(...) infection that is naturally transmissible from vertebrates to humans (...).”  Further, “(...) 
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thus only reflect the fatal contribution to disease burdens. The morbidity of human 
populations is usually assessed by using incidence or prevalence measures, giving no 
information on the severity of the disease for human health. Comparability of disease 
impacts on the health of populations and health related quality of life is limited due to the 
characteristics and the large variety of indicators. Composite measures such as Health 
Adjusted Life Years (HALYs) aspire a comprehensive and comparable description of the 
burden of disease by integrating the impact of both, mortality and morbidity on population 
health. Especially for zoonoses which can significantly contribute to mortality as well as 
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Zoonoses were historically defined as diseases only affecting the animal species. In a 
postulate from 1959 the World Health Organization (WHO) defines zoonotic diseases as an 
“(...) infection that is naturally transmissible from vertebrates to humans (...).”  Further, “(...) 
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zoonoses may be bacterial, viral or parasitic, or may involve unconventional agents (...)” 
(WHO, 1959). This definition, still in use, highlights that there is the need to concentrate on 
two major hosts (animals and humans) that can be affected by various types of agents. 
Currently, more than 200 zoonotic disease entities, with highly heterogeneous clinical and 
epidemiological characteristics are known and cause adverse health effects in both humans 
and animals (Krauss et al. 2004; Palmer et al. 1998). Zoonoses, as well as other infectious 
diseases play a major role in countries that are characterized by low- and middle income 
levels. But also so-called high-income countries are not free of threats by zoonotic diseases 
as has been shown in the recent epidemics of Q-fever in the Netherlands, with more than 
999 reported cases in humans in 2008, the largest known Q-fever epidemic so far in the 
world (VWA, 2011). Inadequate hygienic conditions, close contacts with animals and raw 
animal products are potential transmission routes for zoonotic diseases. 

Several epidemiologic indicators were used to describe the impact of zoonoses on 
population health (e.g tick-borne encephalitis in Russia; Tokarevich et al. 2011). However, a 
comprehensive and comparable assessment of zoonoses is a still ongoing effort. In the first 
Global Burden of Disease and Injury (GBD) Study the impact of 108 disease conditions was 
estimated for 192 WHO member states (Murray & Lopez, 1996) – a groundbreaking study 
estimating the health status of the world’s population. The GBD study estimated the disease 
burden of highly heterogeneous disease entities including 27 disease entities defined as 
infectious diseases. Using the strict definition of natural transmission from animals to 
humans, 20 of these 27 disease entities can also be classified as zoonoses (Coleman, 2002). In 
the GBD study the Disability Adjusted Life Years (DALY) was used as the unit of measure 
to quantify the impact of diseases on population health. The DALY measure belongs to the 
family of HALYs and was thus considered qualified to comprehensively assess the global 
burden of disease. 

Since the first GBD study, HALY measures and especially the DALY have increasingly been 
used in Public Health to inform about the overall health status of a population, and to 
support policy-decision-making processes and/or research priorities. The term HALY 
covers a broad range of measures that have the feature in common to quantify, both the 
impact of morbidity and premature mortality, due to diseases (e.g. zoonotic diseases) or 
other hazards on human population health (Lopez et al. 2006; Mathers et al. 2007). HALY 
measures have widely been used in human burden of disease (BoD) studies but have also 
been applied in cost-effectiveness analyses to assess human health-related outcomes 
resulting when evaluating intervention programs (Zinstag et al. 2007; Roth et al. 2003).  

This chapter therefore aims at giving an introduction to the concept of HALYs and 
discussing their applicability for zoonotic diseases. The first part of the chapter (section 2) 
will introduce the main ideas and applications of burden of disease analyses and further 
provide an overview of HALYs. In section 3 major focus is put on the DALY measure. As 
the DALY was initially developed for the GBD study, a part of this section is dedicated to 
the main concepts and ideas of the GBD study and will introduce current estimates of 
zoonoses as presented by the WHO, using the latest estimates available for the year 2004. 
Section 4 will then give a short overview of studies that used DALY as an outcome-measure 
to present the disease burden of zoonotic agents and discuss the suitability and usefulness 
of the HALYs when used for estimating the burden of disease due to zoonotic pathogens. In 
section 5 we will present and discuss the use of DALYs in cost-effectiveness analyses. 
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2. Burden of Disease (BoD)  
In this section we will introduce the main ideas and applications of burden of disease 
analyses. Also we will provide an overview of HALYs putting major focus on the DALY 
measure. 

2.1 Burden of Disease – A rationale 

In the field of Public Health there is no unambiguous definition and understanding of the 
term and idea of burden of disease. Burden of disease or the sometimes synonymously used 
phrase “burden of ill-health” are mainly used to describe heterogeneous concepts that have 
the idea in common to assess and quantify the impact of adverse health effects on human 
health (Connecticut Department of Public Health, 1999). Since the early 1990s the term 
“Burden of Disease” has become closely related and associated with the framework of the 
Global Burden of Disease and Injury project (GBD) that was jointly initiated and conducted 
by the WHO, the Harvard School of Public Health and the World Bank. This first and 
groundbreaking GBD study provided a first comprehensive and comparable overview of 
disease burden patterns for 192 WHO member states, included both disease and injury 
conditions, and allowed for stratification by age, sex and WHO regions. The main aims of 
the GBD study were to provide consistent, comprehensive and globally comparable 
estimates of the impact of mortality and non-fatal health outcomes on population health. In 
addition to the first estimates for the year 1990, the GBD project has introduced the public 
health community to a new conceptual and methodological framework to integrate, validate 
and analyze incomplete or fragmentary information on disease and injury consequences. 
The BoD concept as it was used in the GBD study was comprehensively defined by Colin 
Mathers as: 

“a standardized framework for integrating all available information on mortality, cause of 
death, individual health status, and condition-specific epidemiology to provide an overview 
of the levels of population health and the causes of loss of health” (Mathers, 2006). 

According to this definition BoD can be understood as a conceptual and methodological 
framework that aims at providing a consistent and comprehensive assessment of disease 
and injury consequences in humans by combining several sources (mortality and morbidity) 
of information on the health status of a population. The BoD framework further makes use 
of composite measures also known as Summary Measures of Population Health (SMPH) for 
comprehensive assessments of the disease burden (Field & Gold, 1998). 

The results and concepts introduced by the first GBD study – though having been critically 
discussed - have increasingly been used in several countries to provide information for 
disease prioritizing and health policy decision making processes (e.g. Arnesen & Nord, 
1999; Anhand & Hanson, 1997; Arnesen & Kapiriri, 2004). Since the first GBD study the 
results and methodology were disseminated throughout the public health community and 
updated results of the GBD study for the years 2000, 2001 and 2004 were generated and are 
publicly available (Mathers et al. 2003; Lopez et al. 2006; WHO, 2008a). Additionally to the 
GBD results, the concept was used in several national burden of disease assessments (USA, 
The Netherland, South Africa) and assessments related to specific disease entities 
(chikungunya, dengue, foodborne pathogens) (e.g. Melse et al. 2000; Bradshaw et al. 2003;  
Kemmeren et al. 2006; Michaud et al. 2006; Lier & Havelaar 2007; Krishnamoorthy et al. 
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2009; Luz et. al 2009). The majority of all these studies used the DALY measure to quantify 
the impact of various conditions on population health. The DALY is one of the most 
frequently used and increasingly accepted measure of the HALY family. 

2.2 Health adjusted life years – Concepts and definitions 

In the literature, three terms are used synonymously to describe population health measures 
that include both mortality and morbidity information: Health Adjusted Life Years, 
Summary Measures of Population Health and Composite Health Measures. HALYs are 
defined by Gold and colleagues as measures “(…) that allow the combined impact of death 
and morbidity to be considered simultaneously.” (Gold et al. 2002). With this 
characterization HALY share their definition with the so called summary measures of 
population health (SMPH) which are systematically defined by Field and Gold as: 

“Measures that combine information on mortality and non fatal health-outcomes to represent the 
health of a particular population as a single numerical index” 
(Field & Gold, 1998) 

According to the definitions both HALY and the more systematized SMPH, have the feature 
in common to include information on mortality and morbidity and to represent the health 
situation of a particular population by a complementary measure. These features enable 
HALYs for comparisons of populations, diseases and interventions and thus present HALYs 
as being qualified for disease burden assessments. 

HALYs can be broadly divided into two major branches – health expectancies and health 
gaps. Health expectancy measures estimate the time span expected to live in full health 
taking the impact of disabling conditions on health related quality of life into account 
(Mathers, 2002). Health expectancies can be understood as an extended idea of the life 
expectancy indicator that additionally includes morbidity information. A wide of range of 
health expectancy measures are available and used to quantify healthy life expectancy 
patterns of various populations. Healthy Life Years (HLY), Disability Free Life expectancy 
(DFLE) and Disability Adjusted Life Expectancy (DALE) are exemplary entities that have 
frequently been used in the past. Technically, these measures are built upon the so called 
Sullivan method, which requires a period life table based on age- and sex- specific death 
counts in a population and the implementation of information on age- and sex-specific 
prevalence of people living in a state that is considered to be less than full health (Sullivan, 
1966). The HLYs are e.g. used by the European Union as a structural indicator to describe 
the health situation of the European population (Jagger et al. 2008). Using the same 
underlying method, DFLE and DALE mainly differ in their definition and quantification of 
disability. The DFLE uses a dichotomous definition presenting as disability or no disability. 
In contrast, the DALE measure uses a graduated valuation of severity and includes so called 
disability weights. The DALE was introduced as a component of the GBD study to elucidate 
the life expectancies of populations when considering the underlying prevalence of 
disability (Murray & Lopez 1997; Mathers et al. 2001). 

Another well-established member from the group of health expectancies is the Quality 
Adjusted Life Year (QALY) that is frequently used in the field of health economics. The 
QALY was developed by economists, operations researchers, and psychologists and is 
mainly used in cost-effectiveness analyses to quantify the intangible costs of bad health and 
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premature mortality. Using the QALY in cost-effectiveness analyses allows for assessing the 
effect of a certain intervention measure (e.g. preventive or curative) by calculating the 
QALYs gained resulting from positive intervention effects. One QALY can be seen as one 
year lived in perfect health. Quality of life in the QALY concept is defined as “utility”, a 
measure of preference that people assign to health outcomes. The quality scale of the QALY 
ranges from death (0) and a state of perfect health (1) (Gold et al. 2002). The QALY has been 
used as outcome measure in numerous cost-effectiveness and cost-utility analyses all over 
the world and is mainly associated with the field of health economics. But in particular in 
high-income countries QALYs, which are data-intensive, has become a standard tool in 
health technology assessment studies (Belli et al., 1998). QALYs are widely used for diseases 
like cancer, whereas for infectious diseases there no, or only poor QALYs available, and in 
particular for infants and children (WHO, 2008b).  

In contrast to health expectancies, health gaps measure the time of healthy life lost due to 
certain disease or injury conditions. The health gaps as a normative measure use a 
predefined (arbitrarily set or observed) health goal that is expected to be reached by a 
certain population. Having this normative feature, health gaps then can be used to quantify 
the difference between the ideal health and the current patterns observed in a population. 
Figure 1 shows the conceptual framework of health gap measures. In this figures a 
survivorship curve of a hypothetical initial birth cohort is presented. The x-axis shows age in 
years and the y-axis the percentage of the hypothetical population surviving over a lifespan 
of 100 years. The upper curve in the figure indicates for each age along the x-axis the 
proportion of the hypothetical cohort that will remain alive at that age and includes people 
living in an ideal health state as well as people living in a state worse than perfect health.  

 
Fig. 1. Basic understanding of the complementary measures - health gaps and health 
expectancies (modified according to WHO, 2001) 
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Having identified the percentage of people living in optimal health and people living in 
health states less than full, an additional second curve (in this example indicated by the 
lower curve) can be drawn in order to allow for estimates of the burden due to non-fatal 
health outcomes. Also, setting the health goal and identifying the population in health states 
less than full will result in the delineation of three areas. While areas A and B under the 
survivorship curve can be used to derive e.g. life expectancy at birth, health expectancies 
can be derived from these areas by taking into account some lower weights for area B, i.e. 
the years lived in health states worse than perfect. As health gaps measure health losses, 
additional information on the normative health goal is needed to assess the difference 
between the current health of the population and the potential goal for population health. In 
figure 1, the health goal is represented by the upper horizontal line enclosing area C. Thus, it 
is in this particular case assumed that every person in this hypothetical cohort lives in ideal 
health until the age of 100 years. By adding this health goal, health losses due to both 
mortality and morbidity can be derived. In figure 1, the losses due to mortality are 
represented by the area C. Health losses due to living in health states worse than perfect are 
assessed by adding the upper part of area B to the losses in area C due premature mortality. 
The size of the part of area B is estimated by using weighting factors, the so called disability 
weights that estimate the severity of the impact of a certain disease or injury condition. The 
weights are anchored on a scale from scale between 0 and 1, with zero indicating a state of 
full health and 1 associated with a state that is comparable to death. 

Summing up both health expectancies and health gaps are qualified to present the health 
status of populations. Health expectancies are using a positive quantification of expected 
years in full health and health gaps are using a normative description to inform about health 
losses due to mortality effects and additional impacts of non-fatal health outcomes. For the 
health expectancies the QALY measure is the one most frequently used in the field of 
economics to assess the cost-effectiveness of e.g. preventive or curative interventions 
measures.  

One of the most commonly used and globally accepted members of the health gap family 
are the Disability Adjusted Life Years developed and used as the core measure in the first 
and all sub-sequent GBD studies to assess the disease burden of a wide range of disease and 
injury conditions.  

3. The Disability Adjusted Life Year (DALY) 
The DALY as a member of the health gap family quantifies losses of healthy life years 
according to a normative health goal. This measure provides estimates of the burden of 
disease by using a single number reflecting the comprehensive negative impact of 
heterogeneous conditions on human health. Understanding and interpreting DALY 
estimates requires having a look beyond the DALY’s methodological curtain. The DALY 
offers several optional inputs, when calculating the disease burden and thus requires to be 
well informed about how the particular DALY is constructed. Therefore, the following 
section aims at a) providing detailed information on the DALY concept and b) presenting 
the complexity of the measure that is needed to comprehensively understand and correctly 
interpret the DALY estimates. In addition, this chapter will also provide a critical discussion 
on the use of the DALY for estimating the disease burden of infectious diseases and zoonotic 
diseases in particular. 
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The DALY measure as it was used for several regional, national and local burden of disease 
assessments was initially developed to meet the GBD study objectives (Begg et al. 2007, 
Michaud et al. 2006 , Murray, 1994). Tailored according to this needs the DALY was 
introduced as a measure that allows for incorporating effects of mortality and morbidity on 
health and thus for comprehensively and comparably quantifying health losses globally in 
one single measurement unit (Murray & Lopez, 1996). One general assumption that was met 
in the GBD study to allow for e.g. cross-national comparisons was to treat like events 
occurring in different settings (e.g. countries, socio-economic environments, living 
conditions) equally. Considering this e.g. an amputation of a leg in Zimbabwe should result 
in the same disease burden as an amputation of a leg in Turkey (Murray, 1994). Different 
circumstances e.g. living conditions may have effects on how people can cope with a certain 
disability. An amputation of a leg that requires the use of a wheelchair may have a smaller 
disabling effect on an individual who is living in developed nation where facilities are 
handicapped accessible. Irrespective of e.g. the living conditions both events should 
contribute equally to the overall disease burden and thus need to be treated equally 
(Murray, 1994). Thus, to assure comparability of different groups or of a certain group over 
time it was decided to construct the DALY detached from socioeconomic or environmental 
conditions ( Murray, 1994). Technically, the DALY quantifies the disease burden in terms of 
years of healthy life lost either due to premature death or due to the impact of non-fatal 
disease outcomes on population health. Time was chosen as the unit of measure in burden 
of disease assessments because time, as a general unit of measure is qualified for use in a 
composite health measure as it presents a simple and intuitive method to subsume effects of 
mortality and morbidity.  

The DALY as a summary measure is calculated by combining complementary information 
from Years of healthy Life Lost due to premature mortality (YLL) representing the fatal 
component and from Years of healthy Life lost due to Disability (YLD) reflecting the impact 
of  non-fatal health outcomes. 

3.1 Years of Life Lost due to premature death (YLL) 

The YLLs basically inform about health losses due to impact of fatal disease and injury 
conditions. Measuring time lost due to premature mortality, the YLLs can be estimated by 
the use of different approaches that result in different estimates for the numbers of years 
lost. Before calculating the YLLs, it is therefore needed to define which approach fits best 
with the underlying research objectives. To calculate the YLLs, it is further essential to 
define the health goal that then can be used as a reference value to calculate the difference 
between the ideally expected and the truly observed values and patterns. There are at least 
two concepts of life-expectancies that can be used for setting up health goals. On the one 
hand, there is the idea of a potential life expectancy which sets a potential limit to life at e.g. 
65 years of age. People who die before having reached this potential limit would then 
contribute to the YLLs. E.g. a death of a person at 40 years would contribute to 25 years of 
healthy life lost. These so called Potential Years of Life Lost (PYLL) are e.g. used by the 
Organization for Economic Co-operation and Development (OECD) as an indicator for the 
mortality related disease burden. The OECD uses a potential limit of 70 years and estimates 
lost years according to this reference value (OECD, 2009). In literature, it was argued that 
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Having identified the percentage of people living in optimal health and people living in 
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health expectancies the QALY measure is the one most frequently used in the field of 
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One of the most commonly used and globally accepted members of the health gap family 
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3. The Disability Adjusted Life Year (DALY) 
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disease by using a single number reflecting the comprehensive negative impact of 
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on the use of the DALY for estimating the disease burden of infectious diseases and zoonotic 
diseases in particular. 
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The DALY measure as it was used for several regional, national and local burden of disease 
assessments was initially developed to meet the GBD study objectives (Begg et al. 2007, 
Michaud et al. 2006 , Murray, 1994). Tailored according to this needs the DALY was 
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disease outcomes on population health. Time was chosen as the unit of measure in burden 
of disease assessments because time, as a general unit of measure is qualified for use in a 
composite health measure as it presents a simple and intuitive method to subsume effects of 
mortality and morbidity.  

The DALY as a summary measure is calculated by combining complementary information 
from Years of healthy Life Lost due to premature mortality (YLL) representing the fatal 
component and from Years of healthy Life lost due to Disability (YLD) reflecting the impact 
of  non-fatal health outcomes. 

3.1 Years of Life Lost due to premature death (YLL) 

The YLLs basically inform about health losses due to impact of fatal disease and injury 
conditions. Measuring time lost due to premature mortality, the YLLs can be estimated by 
the use of different approaches that result in different estimates for the numbers of years 
lost. Before calculating the YLLs, it is therefore needed to define which approach fits best 
with the underlying research objectives. To calculate the YLLs, it is further essential to 
define the health goal that then can be used as a reference value to calculate the difference 
between the ideally expected and the truly observed values and patterns. There are at least 
two concepts of life-expectancies that can be used for setting up health goals. On the one 
hand, there is the idea of a potential life expectancy which sets a potential limit to life at e.g. 
65 years of age. People who die before having reached this potential limit would then 
contribute to the YLLs. E.g. a death of a person at 40 years would contribute to 25 years of 
healthy life lost. These so called Potential Years of Life Lost (PYLL) are e.g. used by the 
Organization for Economic Co-operation and Development (OECD) as an indicator for the 
mortality related disease burden. The OECD uses a potential limit of 70 years and estimates 
lost years according to this reference value (OECD, 2009). In literature, it was argued that 
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the concept of PYLLs neglects deaths beyond the chosen age limit and thus does not take 
into account mortality patterns of the elderly population. Further, interventions focusing on 
health of the elderly population would result in no benefit when using PYLLs as primary 
outcome measure (Murray, 1996).  

On the other hand, there is also the idea of using concepts that focus on remaining life 
expectancies. Calculating remaining life-expectancies requires for setting up life tables. Life 
tables include information on previously observed mortality patterns and trends in 
populations and thus are qualified to estimate the life expectancy at a certain age. Having 
arranged the life expectancies allows for estimating the lost remaining life expectancy for a 
death at a certain age.  Technically, there are different techniques to derive life tables that 
can be used to estimate Period Expected Years of Life Lost (PEYLL), Cohort Expected Years 
of Life Lost (CEYLL) or Standard Expected Years of life Lost (SEYLL). PEYLLs are based on 
a period life table, CEYLL on a cohort life table and SEYLL are based on a standard life 
table, respectively. The DALYs as used in the GBD study follow the concept of Standard 
Expected Years of Lost and calculate health losses based on the West Level 26 standard life 
table (WHO, 2001). This life table was derived for a hypothetical cohort using the highest life 
expectancy at birth observed for Japanese women at the time of the first GBD study. Thus, 
life expectancy at birth for women and men was set to 82.5 and 80 years, respectively. The 
two and a half years difference between men and women does not represent the empirically 
observed, but was chosen in order to only account for the life expectancy differences that 
can be explained by biologic factors. It was decided not to include lifestyle related, gender-
specific differences such as occupational risks, or increased high risk behavior (alcohol, 
smoking, injuries) (Murray, 1994). Even though this assumption was discussed in literature, 
the authors of the GBD project postulated, that using the biological sex difference allows for 
more balanced estimates of YLLs especially when observing the narrowing of the gender 
gap in low-mortality, high-income countries (Murray, 1994). Technically, the YLLs in the 
GBD study are calculated as shown below in the formula by multiplying the number of 
death cases (N) at a certain age of death with the remaining life (L) expectancy at age of 
death (x) as taken from the standard life table. 

 

Thus e.g. three female neonatal death would contribute to 3 x 82.5y = 247.5 YLLs. As the 
SEYLL concept uses remaining life expectancy values even deaths at high ages still 
contribute to the disease burden and interventions aiming at the elderly population would 
still possibly result in measureable benefits. The values of the West Level 26 standards life 
table were used to calculate the disease burden for all 192 WHO member states. It can be 
argued that using this standard set of values sometimes may over- or underestimate the true 
and observed life expectancy in a certain country, but having the idea of burden of disease 
in mind this feature enables the estimates to be compared over time, and between age, sex 
and country (Murray, 1994).  

3.2 Years of Life Lost due to Disability (YLD) 

As the main idea of the DALY measure was to comprehensively assess and comparably 
quantify the disease burden, a second and complementary measure, the Years of Life Lost 
due to Disability (YLD) was used to describe the impact of disabling conditions primarily 
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non-fatal conditions on population health. There are different concepts of how to describe 
and quantify the effects of non-fatal health outcomes. The understanding of non-fatal 
outcomes implemented in the GBD studies is based on the concept of disability as it was 
defined by the International Classification of Impairments, Disabilities and Handicaps 
(ICIDH). In the ICIDH of the WHO, disability is described as the lack of ability to perform 
certain activities in a manner that is normal for human being (WHO, 1980). Using this 
general definition of disability as a proxy for the impact of conditions on health related 
quality of life allows for excluding social and environmental aspects. This feature ensures 
that disabling conditions in different circumstances are measured equally.  This narrow 
definition of disability was used to meet the need for globally comparable information on 
the impact of disabling conditions. 

Further, to assess the impact of diseases and injuries on human health the GBD study 
provided a set of so called “disability weights” reflecting and quantifying the severity of a 
disabling condition. Basically, disability weights describe the impact of a disease or an 
injury on health related quality of life arranged on a scale from zero to one. Zero is 
representing a status of full health and no disability. In contrast the value one represents 
life-threatening disability comparable to death. There are different approaches to derive 
disability weights. Common techniques used are visual analogue scales, methods of 
standard gambling, person trade-off or time trade-off to derive disability weights in panel 
settings. These panel settings again may differ in their composition (experts, lay-men 
and/or patients). Therefore, in literature it was argued that using different panels may 
result in varying disability weights (Anand & Hanson, 1995). For the GBD study the 
disability weights were derived for 22 indicator conditions using the person trade-off (PTO) 
exercise in a group of health professionals who were asked to trade of the life extension of 
individuals living in different hypothetical health states (Murray & Lopez, 1996). A 
comprehensive list of disease and injury specific disability weights was presented by Lopez 
and colleagues (Lopez et al. 2006). Since the first GBD study several additional studies 
aimed at improving disability weights and resulted in complementary sets of weighting 
factors (Stouthard et al. 1997; Haagsma et al. 2008; Haagsma et al. 2009). Though, 
methodological differences do not allow for ad hoc comparisons between the different 
disability weight sets the studies provide additional (missing) disability weights and 
introduce methods that allow for more adequate assessment of disability weights. The 
currently ongoing 2005 update of the GBD study, which is coordinated by the Institute for 
Health Metrics and Evaluation (IHME) will provide new disability weights based on global 
panel using an online questionnaire. For more details see (www.globalburden.org). 

To calculate the years of life lost due to disability for a particular disease, it is needed to 
have information on the number of incident cases and the duration of the disease/injury as 
well as information on the severity of the disease/injury  is needed. Technically, the YLDs 
are calculated using the following simplified formula: 

 

In this formula, I describes the number of incident cases, DW the disability weight (on a 
scale from 0 to 1) and D the duration of the disabling state. According to the formula, e.g. 
five female cases of mental retardation after a bacterial meningitis with disease onset at 10 
years of age would contribute to  5 x 0.483 (DW for mental retardation) x 72,99 y (remaining 
life expectancy at 10 years from the West Level 26 standard life-table) = 176,3 YLD. 
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into account mortality patterns of the elderly population. Further, interventions focusing on 
health of the elderly population would result in no benefit when using PYLLs as primary 
outcome measure (Murray, 1996).  

On the other hand, there is also the idea of using concepts that focus on remaining life 
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a period life table, CEYLL on a cohort life table and SEYLL are based on a standard life 
table, respectively. The DALYs as used in the GBD study follow the concept of Standard 
Expected Years of Lost and calculate health losses based on the West Level 26 standard life 
table (WHO, 2001). This life table was derived for a hypothetical cohort using the highest life 
expectancy at birth observed for Japanese women at the time of the first GBD study. Thus, 
life expectancy at birth for women and men was set to 82.5 and 80 years, respectively. The 
two and a half years difference between men and women does not represent the empirically 
observed, but was chosen in order to only account for the life expectancy differences that 
can be explained by biologic factors. It was decided not to include lifestyle related, gender-
specific differences such as occupational risks, or increased high risk behavior (alcohol, 
smoking, injuries) (Murray, 1994). Even though this assumption was discussed in literature, 
the authors of the GBD project postulated, that using the biological sex difference allows for 
more balanced estimates of YLLs especially when observing the narrowing of the gender 
gap in low-mortality, high-income countries (Murray, 1994). Technically, the YLLs in the 
GBD study are calculated as shown below in the formula by multiplying the number of 
death cases (N) at a certain age of death with the remaining life (L) expectancy at age of 
death (x) as taken from the standard life table. 

 

Thus e.g. three female neonatal death would contribute to 3 x 82.5y = 247.5 YLLs. As the 
SEYLL concept uses remaining life expectancy values even deaths at high ages still 
contribute to the disease burden and interventions aiming at the elderly population would 
still possibly result in measureable benefits. The values of the West Level 26 standards life 
table were used to calculate the disease burden for all 192 WHO member states. It can be 
argued that using this standard set of values sometimes may over- or underestimate the true 
and observed life expectancy in a certain country, but having the idea of burden of disease 
in mind this feature enables the estimates to be compared over time, and between age, sex 
and country (Murray, 1994).  

3.2 Years of Life Lost due to Disability (YLD) 

As the main idea of the DALY measure was to comprehensively assess and comparably 
quantify the disease burden, a second and complementary measure, the Years of Life Lost 
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non-fatal conditions on population health. There are different concepts of how to describe 
and quantify the effects of non-fatal health outcomes. The understanding of non-fatal 
outcomes implemented in the GBD studies is based on the concept of disability as it was 
defined by the International Classification of Impairments, Disabilities and Handicaps 
(ICIDH). In the ICIDH of the WHO, disability is described as the lack of ability to perform 
certain activities in a manner that is normal for human being (WHO, 1980). Using this 
general definition of disability as a proxy for the impact of conditions on health related 
quality of life allows for excluding social and environmental aspects. This feature ensures 
that disabling conditions in different circumstances are measured equally.  This narrow 
definition of disability was used to meet the need for globally comparable information on 
the impact of disabling conditions. 

Further, to assess the impact of diseases and injuries on human health the GBD study 
provided a set of so called “disability weights” reflecting and quantifying the severity of a 
disabling condition. Basically, disability weights describe the impact of a disease or an 
injury on health related quality of life arranged on a scale from zero to one. Zero is 
representing a status of full health and no disability. In contrast the value one represents 
life-threatening disability comparable to death. There are different approaches to derive 
disability weights. Common techniques used are visual analogue scales, methods of 
standard gambling, person trade-off or time trade-off to derive disability weights in panel 
settings. These panel settings again may differ in their composition (experts, lay-men 
and/or patients). Therefore, in literature it was argued that using different panels may 
result in varying disability weights (Anand & Hanson, 1995). For the GBD study the 
disability weights were derived for 22 indicator conditions using the person trade-off (PTO) 
exercise in a group of health professionals who were asked to trade of the life extension of 
individuals living in different hypothetical health states (Murray & Lopez, 1996). A 
comprehensive list of disease and injury specific disability weights was presented by Lopez 
and colleagues (Lopez et al. 2006). Since the first GBD study several additional studies 
aimed at improving disability weights and resulted in complementary sets of weighting 
factors (Stouthard et al. 1997; Haagsma et al. 2008; Haagsma et al. 2009). Though, 
methodological differences do not allow for ad hoc comparisons between the different 
disability weight sets the studies provide additional (missing) disability weights and 
introduce methods that allow for more adequate assessment of disability weights. The 
currently ongoing 2005 update of the GBD study, which is coordinated by the Institute for 
Health Metrics and Evaluation (IHME) will provide new disability weights based on global 
panel using an online questionnaire. For more details see (www.globalburden.org). 

To calculate the years of life lost due to disability for a particular disease, it is needed to 
have information on the number of incident cases and the duration of the disease/injury as 
well as information on the severity of the disease/injury  is needed. Technically, the YLDs 
are calculated using the following simplified formula: 

 

In this formula, I describes the number of incident cases, DW the disability weight (on a 
scale from 0 to 1) and D the duration of the disabling state. According to the formula, e.g. 
five female cases of mental retardation after a bacterial meningitis with disease onset at 10 
years of age would contribute to  5 x 0.483 (DW for mental retardation) x 72,99 y (remaining 
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3.3 Calculating DALYs 

Having estimated the YLLs and YLDs for a particular disease/injury and a given 
population, DALYs are then estimated as the sum of both measures. 

 

3.4 Social value choices 

Apart from the disability weights that are used to provide condition-specific preference 
values, there are two other features of the DALY that can optionally be used to introduce 
social value choices into the DALY estimates - age-weighting and time-discounting. Both 
concepts can be incorporated to weigh DALYs reflecting certain preferences about societal 
concepts. 

The time-discounting concept has its source in the field of economics. Basically, time-
discounting reflects that most of the people if asked about, prefer benefits today rather than 
in the future and thus discount the value of future goods (Murray, 1996). It was argued that 
these preferences can also be applied for health when it is considered as a good. From an 
individuals’ perspective, it was concluded that being healthy today is more worthy then 
being healthy somewhere in the future. To implement this concept, a 3% time-discount rate 
was applied in the GBD study to discount future health losses, a rate that is also 
recommended in the field of economics (Tan-Torres Edejer et al. 2003). 

The age-weighting concept is based on the theory of human capital (Drummond, 1997). 
Human capital describes the value of people for the society they are living in. The main idea 
of an age-weighting is to provide higher weights to people that are in productive ages (high 
value for the society because of their roles for economic and social welfare) and lower 
weights to very young and old people as they are somehow dependent on care and financial 
support (e.g. pension) of people in productive ages. 

In general, the inclusion of social value choices into the DALY has critically been discussed in 
literature. The main criticism to both of these concepts arises from the ethical perspective. Both 
age-weighting and time-discounting attach different weightings to years of life lost. Thus for 
age-weighting e.g. the value of life of an 80 years old person is seen as not of same worth as 
compared to a person who is 25 (Anand & Hanson 1997). Murray counters this thinking with 
his view that “unequal age weights (…)” is “(…) an attempt to capture different social roles at 
different ages “ and further, “higher weights for a year of time at a particular age does not 
mean that the time lived at that age is per se more important to the individual, but that 
because of social roles the social value of that time may be greater” (Murray, 1994). Thus it is 
not the worth of a year of an individual, but more the value for society (Murray, 1994). Murray 
describes the very young and old as being dependent on the rest of society for physical, 
emotional and financial support. When using both time-discounting and age-weighting one 
should be aware of possible double counting for certain age groups. 

The DALY calculation for the first GBD study used a 3% time discount and non-uniform 
age-weighting (Murray & Lopez 1996). Since a lot of criticism was expressed the estimates of 
2001 and also the most recent update for 2004 were provided using different scenarios with 
age-weighting and discounting, with age-weighting and no discounting, with discounting 
but no age-weighting, or even without the inclusion of these social value choices. However 
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data on the scenarios is only publicly available for WHO regions. Country, age and sex 
specific data for 2004 is only available with non-uniform age-weights and a 3% time 
discount rate. DALY measure and especially the social value choices were discussed 
critically. The main results as presented in the WHO’s 2004 update document still use a 3% 
time-discount rate and non-uniform age-weighting (Arnesen & Kapiriri, 2004; Anand & 
Hanson, 1997; Anand & Hansen, 1998). 

3.5 Incidence versus prevalence 

DALYs can be based on both incidence and prevalence data. Since the first GBD study, there 
is an ongoing debate whether to use the incidence or the prevalence approach. For fatal 
conditions and the calculation of YLLs it is obvious that using incidence data is obligatory. 
But for YLD both prevalence and incidence data can be used to estimate the impact of non-
fatal health events. Using the prevalence approach and thus assuming a steady state for 
diseases may result in inaccurate DALY estimates. It was further argued, that the dynamic 
nature of populations and diseases is more adequately reflected by the use of the incidence 
approach. For the GBD study it was decided to use the incidence approach to provide 
estimates being more sensitive to changes in disease trends (Murray, 1994). 

3.6 DALY estimates of zoonoses in the GBD estimates of 2004 

The GBD studies provide comprehensive and comparable estimates on the current burden 
of disease for the 192 WHO member states and for 108 disease and injury conditions. The 
most recent estimates published in 2008 present the burden of disease results for the year 
2004 (WHO, 2008a). To get a comprehensive overview of the disease burden, a particular 
disease classification system was compiled for the GBD study. The GBD disease 
classification system disentangles in a tree-structure with up to four levels of 
disaggregation. At first level the disease burden is split up by group I, II, and III conditions. 
Group I conditions represent communicable, maternal, perinatal, and nutritional conditions 
and thus, include the entities from the zoonotic disease group. Group II conditions include 
all non-communicable disease entities (e.g. malignant neoplasms, neuropsychiatric 
conditions). Group III conditions further incorporate all intentional and unintentional 
injuries. Single disease conditions such as measles or tetanus are arranged at the fourth and 
last level of disaggregation. The GBD classification system is complementary to the WHO 
International Classification of Diseases revision 9 and 10, allowing for converting ICD coded 
data to the GBD disease classification system. 

For the year 2004, a total of 1.52 billion DALYs were lost worldwide. Of these 1.52 billion 
DALYs about 730 (48% of the total burden) million DALYs were lost due to group II 
conditions, 187 (12.3% of the total burden) million DALYs due to group III conditions and 
603 (39.7%) million DALYs due to group I conditions, respectively. Highlighting group I 
conditions, which include infectious and thus also zoonotic diseases about 301 million 
DALYs (19.8% of total burden) were attributable to infectious and parasitic diseases (WHO, 
2008a). According to Coleman, who used WHO GBD data for 1999, 20 of the 27 infectious 
diseases listed in the 1999 GBD classification system by definition belong to the group of 
zoonotic infections (Coleman, 2002). 26 of the 27 diseases can also be found in the GBD 
classification of 2004. Hepatitis, caused by hepatitis E virus was not included in the 2004 
GBD update. From the remaining 26 diseases there were then 19 conditions related to 
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population, DALYs are then estimated as the sum of both measures. 
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data on the scenarios is only publicly available for WHO regions. Country, age and sex 
specific data for 2004 is only available with non-uniform age-weights and a 3% time 
discount rate. DALY measure and especially the social value choices were discussed 
critically. The main results as presented in the WHO’s 2004 update document still use a 3% 
time-discount rate and non-uniform age-weighting (Arnesen & Kapiriri, 2004; Anand & 
Hanson, 1997; Anand & Hansen, 1998). 
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classification system disentangles in a tree-structure with up to four levels of 
disaggregation. At first level the disease burden is split up by group I, II, and III conditions. 
Group I conditions represent communicable, maternal, perinatal, and nutritional conditions 
and thus, include the entities from the zoonotic disease group. Group II conditions include 
all non-communicable disease entities (e.g. malignant neoplasms, neuropsychiatric 
conditions). Group III conditions further incorporate all intentional and unintentional 
injuries. Single disease conditions such as measles or tetanus are arranged at the fourth and 
last level of disaggregation. The GBD classification system is complementary to the WHO 
International Classification of Diseases revision 9 and 10, allowing for converting ICD coded 
data to the GBD disease classification system. 

For the year 2004, a total of 1.52 billion DALYs were lost worldwide. Of these 1.52 billion 
DALYs about 730 (48% of the total burden) million DALYs were lost due to group II 
conditions, 187 (12.3% of the total burden) million DALYs due to group III conditions and 
603 (39.7%) million DALYs due to group I conditions, respectively. Highlighting group I 
conditions, which include infectious and thus also zoonotic diseases about 301 million 
DALYs (19.8% of total burden) were attributable to infectious and parasitic diseases (WHO, 
2008a). According to Coleman, who used WHO GBD data for 1999, 20 of the 27 infectious 
diseases listed in the 1999 GBD classification system by definition belong to the group of 
zoonotic infections (Coleman, 2002). 26 of the 27 diseases can also be found in the GBD 
classification of 2004. Hepatitis, caused by hepatitis E virus was not included in the 2004 
GBD update. From the remaining 26 diseases there were then 19 conditions related to 
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zoonotic origin. Thus, about 193 million DALYs (64.2% of the infectious burden) can be 
attributed to these 19 conditions. Figure 2 shows the percental distribution of the disease 
burden of those 19 disease entities sharing the definition of zoonotic diseases. 

 
Fig. 2. Percental distribution of disease burden (120 Mio. DALY) due to zoonotic diseases 

The figure indicates diarrheal diseases, tuberculosis, and malaria with 37.5, 17.7 and 17.5% 
as the major drivers of the zoonotic disease burden.  Looking at the transmission cycle of the 
zoonotic disease described in figure one the entities can further be subdivided in two 
subgroups. 13 of the 19 zoonotic diseases can be attributed to the group with antrhoponotic 
(human-to-animal; human-to-human) transmission and for the remaining 6 diseases 
(trypanosomosis, schistosomiasis, leishmaniasis, chagas disease, Japanese B encephalitis, 
hookworm disease) increased evidence was provided for the high impact of animal-to-
human transmissions indicating potential starting points for (veterinary) intervention 
measures to reduce the transmission and disease burden (Coleman, 2002).  

The results of the Global Burden of Disease study indicate a high relevance of zoonoses for 
human health, including so-called food- and waterborne pathogens whereby some animals 
are often a reservoir for infections. The burden estimates for e.g. diarrheal disease also 
include cases that probably are not induced by a zoonotic agent. Therefore, it can be 
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assumed that when focusing on the definition of Coleman and only using the GBD estimates 
one may overestimate the disease burden of Zoonoses. However, according to the different 
transmission cycles of the 19 disease entities, potential intervention measure should not only 
aim at reduction of human-to-human transmission but also take into account intervention 
measures, starting from the farm and moving to the table, to reduce the global zoonotic 
disease burden. 

4. Using the DALY measure for assessing the disease burden of infectious 
diseases/zoonoses 
In this section we will give a short overview of studies using DALY as an outcome-measure 
to present the disese burden of zoonotic agents and discuss the suitability and usefulness of 
the HALYs when used for estimating the burden of disease due to zoonotic pathgoens. 

The heterogeneous characteristics and the dynamic nature of infectious diseases raise special 
requirements towards HALYs. In the GBD study the DALY is used for a set of very 
heterogeneous conditions such as non-communicable chronic diseases, injuries, or infectious 
diseases. Having the unique nature of infectious diseases in mind, it was argued that the 
DALY measure does not adequately capture the whole spectrum  of infectious conditions 
and further seems to underestimate the true burden due to infectious diseases (Zou, 2001; 
Arnesen & Karpiriri, 2004; ECDC, 2010). As DALYs are based on epidemiological indicators 
(e.g. incidence, death cases) the quality of DALY estimates is highly dependent on data 
availability going further than notified data and mortality registration only.  

For infectious diseases many countries have set up sophisticated surveillance measures 
whereby observed cases will have to be notified, but still high rates of under-estimation 
(under-reporting and under-ascertainment) are observed even in countries with high 
surveillance standards (Sethi et al. 1999; Wheeler et al. 1999; Food Standard Agency, 2000; 
Poggensee et al. 2009). Also there are high rates of asymptomatic cases (e.g. hepatitis B and 
C) not detected and therefore not reported to the health authorities and thus substantially 
mask the current true infectious disease burden. Having the example of hepatitis B, 
individuals with an infection who experience an asymptomatic disease course may later 
progress to severe disease states such as liver cirrhosis and hepatocellular carcinoma. These 
burdensome entities have a severe and sometime fatal course and thus would contribute to 
a high disease burden. However, GBD estimates usually take into account only acute 
symptomatic infectious cases and for most of the diseases neglected the disease burden 
caused by the sequelae associated with the initial infection. Further, the acute illness data 
e.g. from mandatory notification systems may be masked by under-estimation and thus 
only represent a small percentage of the real disease burden. Additionally to incomplete 
statistics, and inadequate attention towards long-term disease sequelae, coding practices of 
death cases also hamper the completeness of infectious disease burden as measured in the 
original GBD study. For example, an incidental death case has to be classified according to 
the ICD 10 classification system. The etiology of liver cirrhosis allows for multiple causes, 
such as alcohol use disorder, autoimmune disorders, viral hepatitis and many others. A 
certain number of deaths cases that result as a consequence from e.g. liver cirrhosis or 
hepatocellular carcinoma, though induced by a long lasting hepatitis B infection are 
incorrectly counted as e.g. neoplasms not related to an initial infection (Zou, 2001; Pinheiro 
et al. 2010). These misdiagnoses may lead to essential underestimation of infectious disease 
burden.  



 
Zoonosis 26

zoonotic origin. Thus, about 193 million DALYs (64.2% of the infectious burden) can be 
attributed to these 19 conditions. Figure 2 shows the percental distribution of the disease 
burden of those 19 disease entities sharing the definition of zoonotic diseases. 

 
Fig. 2. Percental distribution of disease burden (120 Mio. DALY) due to zoonotic diseases 

The figure indicates diarrheal diseases, tuberculosis, and malaria with 37.5, 17.7 and 17.5% 
as the major drivers of the zoonotic disease burden.  Looking at the transmission cycle of the 
zoonotic disease described in figure one the entities can further be subdivided in two 
subgroups. 13 of the 19 zoonotic diseases can be attributed to the group with antrhoponotic 
(human-to-animal; human-to-human) transmission and for the remaining 6 diseases 
(trypanosomosis, schistosomiasis, leishmaniasis, chagas disease, Japanese B encephalitis, 
hookworm disease) increased evidence was provided for the high impact of animal-to-
human transmissions indicating potential starting points for (veterinary) intervention 
measures to reduce the transmission and disease burden (Coleman, 2002).  

The results of the Global Burden of Disease study indicate a high relevance of zoonoses for 
human health, including so-called food- and waterborne pathogens whereby some animals 
are often a reservoir for infections. The burden estimates for e.g. diarrheal disease also 
include cases that probably are not induced by a zoonotic agent. Therefore, it can be 

Tuberculosis

Chlamydia

Diarrhoeal diseases

Measles
Tetanus

Meningitis

Malaria

Trypanosomiasis

Chagas disease

Schistosomiasis
Leishmaniasis

lymphatic 
filariasis Onchocerciasis

Leprosy

Dengue
Japanese encephalitis

Ascariasis
Trichuriasis

Hookworm disease

Health Adjusted Life Years (HALY) –  
A Promising Measure to Estimate the Burden of Zoonotic Diseases on Human Health? 27 

assumed that when focusing on the definition of Coleman and only using the GBD estimates 
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measures, starting from the farm and moving to the table, to reduce the global zoonotic 
disease burden. 

4. Using the DALY measure for assessing the disease burden of infectious 
diseases/zoonoses 
In this section we will give a short overview of studies using DALY as an outcome-measure 
to present the disese burden of zoonotic agents and discuss the suitability and usefulness of 
the HALYs when used for estimating the burden of disease due to zoonotic pathgoens. 

The heterogeneous characteristics and the dynamic nature of infectious diseases raise special 
requirements towards HALYs. In the GBD study the DALY is used for a set of very 
heterogeneous conditions such as non-communicable chronic diseases, injuries, or infectious 
diseases. Having the unique nature of infectious diseases in mind, it was argued that the 
DALY measure does not adequately capture the whole spectrum  of infectious conditions 
and further seems to underestimate the true burden due to infectious diseases (Zou, 2001; 
Arnesen & Karpiriri, 2004; ECDC, 2010). As DALYs are based on epidemiological indicators 
(e.g. incidence, death cases) the quality of DALY estimates is highly dependent on data 
availability going further than notified data and mortality registration only.  

For infectious diseases many countries have set up sophisticated surveillance measures 
whereby observed cases will have to be notified, but still high rates of under-estimation 
(under-reporting and under-ascertainment) are observed even in countries with high 
surveillance standards (Sethi et al. 1999; Wheeler et al. 1999; Food Standard Agency, 2000; 
Poggensee et al. 2009). Also there are high rates of asymptomatic cases (e.g. hepatitis B and 
C) not detected and therefore not reported to the health authorities and thus substantially 
mask the current true infectious disease burden. Having the example of hepatitis B, 
individuals with an infection who experience an asymptomatic disease course may later 
progress to severe disease states such as liver cirrhosis and hepatocellular carcinoma. These 
burdensome entities have a severe and sometime fatal course and thus would contribute to 
a high disease burden. However, GBD estimates usually take into account only acute 
symptomatic infectious cases and for most of the diseases neglected the disease burden 
caused by the sequelae associated with the initial infection. Further, the acute illness data 
e.g. from mandatory notification systems may be masked by under-estimation and thus 
only represent a small percentage of the real disease burden. Additionally to incomplete 
statistics, and inadequate attention towards long-term disease sequelae, coding practices of 
death cases also hamper the completeness of infectious disease burden as measured in the 
original GBD study. For example, an incidental death case has to be classified according to 
the ICD 10 classification system. The etiology of liver cirrhosis allows for multiple causes, 
such as alcohol use disorder, autoimmune disorders, viral hepatitis and many others. A 
certain number of deaths cases that result as a consequence from e.g. liver cirrhosis or 
hepatocellular carcinoma, though induced by a long lasting hepatitis B infection are 
incorrectly counted as e.g. neoplasms not related to an initial infection (Zou, 2001; Pinheiro 
et al. 2010). These misdiagnoses may lead to essential underestimation of infectious disease 
burden.  
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4.1 Incidence and pathogen-based approach 

To better account for infectious disease characteristics several burden of infectious disease 
studies prefer the use of the so called pathogen-based approach rather than using the 
disease-specific one from the GBD study (e.g. Havelaar et al. 2004; Mangen et al 2005; 
Kemmeren et al., 2006; Cressey and Lake, 2007; ECDC, 2010). In the incidence and pathogen-
based approach, the initial infection with a pathogen is used as the starting point for disease 
burden estimations. The pathogen-based approach is mainly based on so called outcome-
trees that describe the natural course of a disease (figure 2). Starting with an initial infection 
the outcome-tree provides transition probabilities that inform about the percentage of 
people moving from one state to another after being infected by a certain pathogen. Using 
the outcome-trees allows for including all possible resulting short- and long-term sequelae 
and thus presenting the detailed pathways of an infection (see figure 2). 

 
Fig. 3. The standard outcome-tree with possible sequelae (ECDC, 2010) 

Using the information about the initial infection the pathogen-based and the included 
outcome-tree feature allow to comprehensively assess the disease burden due to infectious 
pathogens. The incidence and pathogen-based DALY approach is currently in use for a 
European study on infectious diseases (ECDC, 2010). In this study the disease burden of 32 
infectious pathogens, including several zoonotic diseases is calculated for the European 
Union and EEA / EFTA countries (ECDC, 2010).  

But next to this European study, there are also some national studies using the incidence 
and pathogen-approach, in particular for prioritization of foodborne pathogens (e.g. for the 
Netherlands (Kemmeren et al., 2006; Haagsma et al., 2009; and recently updated by 
Havelaar et al., 2012); for New Zealand (Cressey and Lake 2007)). In the recent update of 
Havelaar and colleagues, disease burden for a total of 14 foodborne pathogens was 
estimated. These were thermophilic Campylobacter spp.; Shiga-toxin producing Escherichia 
coli O157 (STEC O157); non-typhoidal Salmonella spp.; norovirus; rotavirus; 
Cryptosporidium spp.; Giardia spp.; C. aureus; Bacillus cereus; Clostridium perfringens; 
Staphylococcus aureus; hepatitis A virus; hepatitis E virus; Listeria monocytogenes and 
Toxoplasma gondii. The incidence of community-acquired non-consulting cases, patients 
consulting their general practitioner, those admitted to hospital, as well as the incidence of 
sequelae and fatal cases was estimated using surveillance data, cohort studies and published 
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data. Data were combined with results from an expert survey to assess the fraction of cases 
attributable to food, and the main food groups contributing to transmission. The authors 
estimated that these fourteen pathogens would have  in 2009 accounted for a total of 1.8 
million cases of disease (approx. 10,600 per 100,000) and 233 deaths (1.4 per 100,000), 
resulting in 13,500 DALY (82 DALY per 100,000), or 11,300 DALY if discounted with 1.5% 
(according to Dutch guidelines) and 9,700 DALY if discounted with 3.5% (according to UK 
guidelines). Foodborne transmission was responsible for approximately 680,000 cases 
(approximately 4,100 per 100,000), 78 deaths (0.5 per 100,000) and 5,800 DALY (35 per 
100,000) (Havelaar et al., 2012). In particular for pathogens like thermophilic Campylobacter 
spp.; Shiga-toxin producing Escherichia coli O157 (STEC O157); non-typhoidal Salmonella 
spp.; Listeria monocytogenes and Toxoplasma gondii did the associated sequelae result in 
far higher disease burden then if considering acute illness only (Havelaar et al, 2012). All 
studies that used the incidence and pathogen-based approach highlight the impact of short 
and long-term sequelae of infectious pathogens on the estimated disease burden. Therefore 
this approach allows for more comprehensive assessment of infectious disease burden. 

4.2 Advantages, weaknesses and challenges of the DALY measure 

The advantages of the DALY measure are in short: 

 The biggest advantage is that morbidity (YLD) and mortality (YLL) effects are 
combined in one measure. 

 DALY allow the comparison between different health hazards, why prioritization is 
possible. 

 Also the DALY measure offers the ability to assess the impact of prevention strategies 
(as will be discussed in more detail in the following section) 

The weakness of the DALY measure in short are: 

 The used disability weights for YLD are based on subjective measures, whereby the 
applied technique and the used panel (e.g. experts, patients or lay-people) have a strong 
influence on the obtained disability weights. 

 There is an on-going debate over their validity 
 The DALY measure is not widely recognized outside the health sector. 

The biggest challenges of the DALY measure consist in: 

 Getting estimates of the total number of infections in the population due to a particular 
pathogen. 

 When using the incidence and pathogen-based approach, defining the outcome tree 
with all relevant health outcomes for a particular pathogen. 

 Getting appropriated transmission probabilities for the different health outcomes 
represented in the outcome tree. 

5. Use of DALYs in economic analyses 
This section will discuss the use of DALY in cost-effectiveness analysis. For a better 
understanding we will shortly highlight why to conduct an economic analysis; what 
economics is; list the potential perspectives that can be used in economic evaluations and 
shortly describe the different types of economic evaluations. Before then discussing the use 
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data. Data were combined with results from an expert survey to assess the fraction of cases 
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of DALYs in cost-effectiveness analyses, illustrated by published studies of cost-
effectiveness for controlling zoonotic diseases / foodborne pathogens. Foodborne pathogens 
will be included because they show some similarities with zoonotic diseases. Both have 
economic effects on all type of stakeholders from the stable to the table, and both affect also 
human health, though, foodborne pathogens do mostly not affect animal health. 
Consequently, monetary effects are obvious in several sectors of the society (e.g. farmers, 
food chain, consumers, health care sector).  

5.1 Why conducting an economic analysis? 

Once prioritization has taken place, interventions might be planned to tackle the problem. 
But given that most decision makers have to deal with limited budgets (e.g. the Minister of 
Health; Animal Health Authorities), the question is: “Which of the potential interventions 
will yield the best value for the money invested?”. In order to answer this question, an 
economic analysis (e.g. cost-effectiveness analysis) is required (Drummond et al. 1997; Belli 
et al. 2001), in which either different potential interventions could be compared with each 
other (e.g. Is it more cost-effective to control Campylobacter at farm level, at slaughterhouse 
level or at consumer level? (Havelaar et al. 2007)), or a single intervention would be 
compared with no intervention (e.g. Is it cost-effective to introduce rotavirus vaccination in 
the National Immunization program? (Mangen et al. 2010a; Esposito et al. 2011)). In such an 
economic analysis, HALYs could be used to measure the intangible costs of bad health and 
premature mortality. HALYs and costs are estimated for each intervention separately and 
then compared. The incremental cost-effectiveness is then calculated in order to determine 
which intervention will offer the best value for money invested.  

5.2 What is economics? 

Economics, as a discipline, studies how people and societies make choices about scarce 
resources that could be used elsewhere or in another way (Belli et al, 2001). The main 
purpose of an economic analysis is hereby to provide a framework for analyzing the full 
implications of potential choices. Whereby an economic analysis is most useful if applied 
before the implementation of a new project, as supporting the decision-making process and 
identifying poor projects (Belli al. 2001). If conducted after the implementation of a project, 
economic analysis can only help in the decision of whether or not to continue with a project 
(Belli et al. 1998).  

Opportunity-cost or the potential use of any scarce resource in alternative programs is an 
important factor in economic analyses. Opportunity-cost is what people give up, now and in 
the future, to accomplish a particular undertaking (Sassone and Schaffer 1978). The ‘return’ 
or ‘opportunity’ that could have been gained in other projects using the same resources is 
therefore the real cost of accomplishing an undertaking, not simply the money spend. 
Therefore opting to use resources for one particular purpose always means giving up the 
opportunity to use them in other desirable ways. The key question in economics is therefore: 
Are the benefits from what is ‘chosen’ greater than what is ‘forgone? (Sassone and Schaffer 
1978). 

5.3 Economic evaluations 

A full economic evaluation is characterized by two facts, namely: 
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 that there is a comparison with at least one alternative, even if this alternative is “do 
nothing” (or care-as-usual);  

 and that both, costs and outcomes of the alternatives are analyzed. 

If one of these two conditions is not fulfilled, because either the evaluation considers only 
costs, or only consequences, or there is no comparator, then it is only a partial evaluation 
that lacks the context to judge the relative performance of a program.  

There are four techniques used to conduct full economic evaluations. These are: cost-
minimization analysis (CMA); cost-effectiveness analysis (CEA); cost–utility analysis (CUA) 
and cost–benefit analysis (CBA). CMA requires equal effectiveness of all programs and is 
therefore only applied if two or more options have the same outcome (Drummond et al. 
1997). Only monetary costs incurring in the alternative programs are considered and 
compared. Measuring consequences (outcomes) is not necessary. Interventions to control 
infectious diseases /zoonoses, however, usually have different effects, why CMA is seldom 
an adequate methodology to apply. Cost-effectiveness analysis is applied to interventions 
that have a single non-monetary effect, common to all of them but different in magnitude, 
and which is measured in physical units (Drummond et al. 1997; Belli et al. 1998; Belli et al. 
2001). However, all other effects such as costs (inputs) and outcomes of the program under 
study are measured and evaluated in monetary terms. The ratio of interest in a CEA is then 
the net cost (monetary costs corrected for monetary benefits) per unit of effect (e.g. the net 
cost per averted Brucellosis infection; the net cost per averted Q-fever infection of goats, 
etc.). A big disadvantage of the CEA technique is that a comparison is only possible for 
program with the same outcome. However this non-monetary single effect is often more 
meaningful to specialist(s) than e.g. DALYs. Cost–utility analysis or weighted cost-
effectiveness analysis is a variation on cost-effectiveness analysis (Belli et al. 2001). Although 
some authors prefer not to make a distinction between CEA and CUA (Drummond et al. 
1997). CUA requires a valuation scheme that combines various effects into a single 
combined measurement, for which some weighting scheme is required (Belli et al. 2001). 
E.g. DALYs (disability-adjusted life years) and QALYs (quality-adjusted life years) are such 
metric units whereby effects on human morbidity and mortality are weighted and 
transferred into a single metric unit. The CUA methodology is then also widely used in 
public health economic evaluations (Gold et al. 1996; Drummond et al. 1997; Tan-Torres 
Edejer et al. 2003; WHO 2008b). All other consequences (costs and benefits), however, are 
measured and valued in monetary terms, as in a CEA. Also as in the CEA, the results of a 
cost–utility analysis are expressed in terms of net cost per unit of weighted combined effect 
(e.g. net costs per DALY averted). The most cost-effective program is the one with the 
lowest net cost per unit of weighted combined effect. By weighting and combining effects 
into a weighted unit, CUA allows the comparison of sometimes very different programs, 
such as vaccination programs and environmental programs. However, the terms (such as 
health outcome) have to be the same for all programs compared and, as with the CEA 
methodology, comparison with projects having different non-monetary effects is not 
possible. Theoretically cost-benefit analysis is the ‘gold standard’ in economic evaluation 
(Belli et al. 2001), whereby all effects, both monetary and intangible, direct and indirect, are 
measured and expressed in monetary terms. CBA results can be presented as net present 
value, internal rate of return (the remuneration against investment stated as a proportion or 
percentage) or as cost–benefit ratios. The main advantage of CBA is that all effects are 
valued in monetary terms, allowing the comparison of a given program with any other 
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of DALYs in cost-effectiveness analyses, illustrated by published studies of cost-
effectiveness for controlling zoonotic diseases / foodborne pathogens. Foodborne pathogens 
will be included because they show some similarities with zoonotic diseases. Both have 
economic effects on all type of stakeholders from the stable to the table, and both affect also 
human health, though, foodborne pathogens do mostly not affect animal health. 
Consequently, monetary effects are obvious in several sectors of the society (e.g. farmers, 
food chain, consumers, health care sector).  
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But given that most decision makers have to deal with limited budgets (e.g. the Minister of 
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5.3 Economic evaluations 
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Health Adjusted Life Years (HALY) –  
A Promising Measure to Estimate the Burden of Zoonotic Diseases on Human Health? 31 

 that there is a comparison with at least one alternative, even if this alternative is “do 
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cost per averted Brucellosis infection; the net cost per averted Q-fever infection of goats, 
etc.). A big disadvantage of the CEA technique is that a comparison is only possible for 
program with the same outcome. However this non-monetary single effect is often more 
meaningful to specialist(s) than e.g. DALYs. Cost–utility analysis or weighted cost-
effectiveness analysis is a variation on cost-effectiveness analysis (Belli et al. 2001). Although 
some authors prefer not to make a distinction between CEA and CUA (Drummond et al. 
1997). CUA requires a valuation scheme that combines various effects into a single 
combined measurement, for which some weighting scheme is required (Belli et al. 2001). 
E.g. DALYs (disability-adjusted life years) and QALYs (quality-adjusted life years) are such 
metric units whereby effects on human morbidity and mortality are weighted and 
transferred into a single metric unit. The CUA methodology is then also widely used in 
public health economic evaluations (Gold et al. 1996; Drummond et al. 1997; Tan-Torres 
Edejer et al. 2003; WHO 2008b). All other consequences (costs and benefits), however, are 
measured and valued in monetary terms, as in a CEA. Also as in the CEA, the results of a 
cost–utility analysis are expressed in terms of net cost per unit of weighted combined effect 
(e.g. net costs per DALY averted). The most cost-effective program is the one with the 
lowest net cost per unit of weighted combined effect. By weighting and combining effects 
into a weighted unit, CUA allows the comparison of sometimes very different programs, 
such as vaccination programs and environmental programs. However, the terms (such as 
health outcome) have to be the same for all programs compared and, as with the CEA 
methodology, comparison with projects having different non-monetary effects is not 
possible. Theoretically cost-benefit analysis is the ‘gold standard’ in economic evaluation 
(Belli et al. 2001), whereby all effects, both monetary and intangible, direct and indirect, are 
measured and expressed in monetary terms. CBA results can be presented as net present 
value, internal rate of return (the remuneration against investment stated as a proportion or 
percentage) or as cost–benefit ratios. The main advantage of CBA is that all effects are 
valued in monetary terms, allowing the comparison of a given program with any other 
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program, both in the same sector as well as in different sectors, and is therefore 
recommended by Belli et al. (2001) when health sector investments are compared with 
investments in other sectors. Unlike other economic evaluations, CBA allows you to 
consider allocated efficiency in its widest sense, by comparing the net economic impact of 
very different activities (Belli et al. 2001). For example, the societal gain from a newly 
introduced Brucellosis vaccination program of the cattle livestock might be compared with 
the gain to society from building a bridge. CBA is the most complete quantitative approach 
from an economic standpoint. However, assigning a monetary value to non-monetary 
benefits such as human health outcomes is much more complicated. Therefore one of the 
major problems, and also often the weakness in this type of evaluation, is the valuation of 
non-monetary factors. 

There is no ‘ideal’ type of economic evaluation. All of them have their limitations. The 
analyst must therefore first identify the problem, define the boundaries, chose potential 
alternatives, define the target population (e.g. cattle livestock; children; inhabitants from 
country x; farmers; etc.); define the type of evalutions to evaluate; and choose the most 
appropriate perspective for answering the question, before then selecting the technique that 
best answers the question (Belli, Anderson et al. 2001). If the project objective is narrow, 
such as increasing the number of vaccinated livestock or increasing the number of 
vaccinated people, then the focus will be only at alternative ways of increasing the number 
of vaccinated livestock /persons and the success will be judged in terms of the number of 
vaccinated livestock /persons reached (Belli et al. 2001). Whereas if the program under 
study tries to achieve a broader objective, such as improvement of health status by e.g. 
vaccination of goats against Q-fever in order to reduce infections in humans, then in the 
evaluation we will not only look at alternative ways of reaching a maximum of goats, but 
also at alternative interventions that might reduce infections in humans, and as such reduce 
morbidity and mortality of the target human population. The judgment of success of the 
project is then the impact on human health status. 

Therefore starting with a clear definition of the program reduces the number of alternatives 
to consider, and helps selecting the most appropriated type of evaluation and the 
performance indicators to look at (Belli, Anderson et al. 2001). The differences between the 
situation with and without the program are the basis for assessing the incremental costs and 
benefits of the project (Belli, Anderson et al. 2001), why it is important to clarify what 
happens if the program is carried out or not. Another important question is about the 
alternatives. Their choice has a fundamental impact on the type of evaluation, the data 
collected and the interpretation of the findings (WHO 2008). In the case of zoonoses, 
interventions might be targeted at the livestock and/or at human health. And might target 
either the whole human population and/or livestock in a country and geographic area, 
respectively, or at a specific group of persons/livestock within a country. In all cases does 
the target group strongly influence the choice of effects considered (monetary and non-
monetary), as well as the results of an economic evaluation.  

Economic evaluations can be applied at a number of levels. Potential perspectives that are 
used in public health economic evaluations are: individual perspective (e.g. patient); health 
care providers (e.g. hospital, doctor, etc.); third payer (i.e. often health insurance 
perspective); health authorities; manufacturers and society (a country, for example the 
Netherlands, or the international community, for example the EU; WHO; etc.). However, for 
zoonoses and foodborne pathogens the impact of these diseases does not only affect human 
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health and as such the health care sector, but has also an impact on other sectors and 
stakeholders in the society. Therefore, other perspectives might be necessary. For example 
one of the following perspectives: another authority than health authorities (e.g. in the case 
of zoonosis it could be the animal health authority or ministry of agriculture, etc.); 
individual stakeholder affected (e.g. farmer; slaughterhouse; etc); another sector than health 
care (e.g. farmers’ associations, slaughterhouses, or any other stakeholder in the chain or 
related industry); consumer. The chosen perspective determines which potential costs and 
consequences  to be included in an economic evaluation.  

Further should the time frame (the period over which the intervention is applied) and the 
analytic horizon (the period over which the costs and outcomes that occur as results of the 
intervention are considered) be long enough to capture all relevant positive and negative 
effects (WHO 2008b). Their respective durations are influenced by the type of intervention 
evaluated, the program itself, the target population and the model used (WHO 2008b).  

The type of intervention to be analyzed determines what type of epidemiological model is 
required to capture key elements of the disease. Jit and Brisson (2011) conducted a literature 
review on infectious diseases and modeling, whereby looking at interventions such as 
vaccination, screening, social distancing, post-exposure treatment and culling (for animal 
and plant diseases only). Based on their findings they developed a flow diagram with seven 
key questions. Based on the answers to these seven key questions the analyst can evaluate 
which type of model would be the most appropriated choice. 

5.4 Cost-effectiveness  

After having assessed costs and effects of an intervention, and the comparator, the next step 
in an economic evaluation is to link these results in the form of a ratio, mostly in the form of 
an (incremental) cost-effectiveness ratio (ICER).  

An ICER compares the differences between the costs and health outcomes of two alternative 
interventions that compete for the same resources. It is generally described as the additional 
cost per additional health outcome. The ICER numerator includes the differences in 
program costs and can include in addition the averted costs, depending on the choice of the 
perspective. Similarly, the ICER denominator is the difference in the measured effect e.g. 
DALY: 

 

whereby C stays for costs and E for effects. 

5.5 Cost-effectiveness studies using DALY in zoonoses and foodborne diseases  

Most published cost-effectiveness studies in zoonoses and foodborne diseases are mostly 
only restricted to animal health and related industry. The impact on human health is seldom 
considered.  

Nevertheless there are a few examples whereby also human health was considered, using 
DALY to measure the impact of the intervention on human health (e.g. Roth et al 2003; Budke 
et al 2005; Mangen et al 2007). A nice example of economic evaluations studying the impact of 
intervention on zoonoses and using DALY to express the intangible costs of bad health and 
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program, both in the same sector as well as in different sectors, and is therefore 
recommended by Belli et al. (2001) when health sector investments are compared with 
investments in other sectors. Unlike other economic evaluations, CBA allows you to 
consider allocated efficiency in its widest sense, by comparing the net economic impact of 
very different activities (Belli et al. 2001). For example, the societal gain from a newly 
introduced Brucellosis vaccination program of the cattle livestock might be compared with 
the gain to society from building a bridge. CBA is the most complete quantitative approach 
from an economic standpoint. However, assigning a monetary value to non-monetary 
benefits such as human health outcomes is much more complicated. Therefore one of the 
major problems, and also often the weakness in this type of evaluation, is the valuation of 
non-monetary factors. 

There is no ‘ideal’ type of economic evaluation. All of them have their limitations. The 
analyst must therefore first identify the problem, define the boundaries, chose potential 
alternatives, define the target population (e.g. cattle livestock; children; inhabitants from 
country x; farmers; etc.); define the type of evalutions to evaluate; and choose the most 
appropriate perspective for answering the question, before then selecting the technique that 
best answers the question (Belli, Anderson et al. 2001). If the project objective is narrow, 
such as increasing the number of vaccinated livestock or increasing the number of 
vaccinated people, then the focus will be only at alternative ways of increasing the number 
of vaccinated livestock /persons and the success will be judged in terms of the number of 
vaccinated livestock /persons reached (Belli et al. 2001). Whereas if the program under 
study tries to achieve a broader objective, such as improvement of health status by e.g. 
vaccination of goats against Q-fever in order to reduce infections in humans, then in the 
evaluation we will not only look at alternative ways of reaching a maximum of goats, but 
also at alternative interventions that might reduce infections in humans, and as such reduce 
morbidity and mortality of the target human population. The judgment of success of the 
project is then the impact on human health status. 

Therefore starting with a clear definition of the program reduces the number of alternatives 
to consider, and helps selecting the most appropriated type of evaluation and the 
performance indicators to look at (Belli, Anderson et al. 2001). The differences between the 
situation with and without the program are the basis for assessing the incremental costs and 
benefits of the project (Belli, Anderson et al. 2001), why it is important to clarify what 
happens if the program is carried out or not. Another important question is about the 
alternatives. Their choice has a fundamental impact on the type of evaluation, the data 
collected and the interpretation of the findings (WHO 2008). In the case of zoonoses, 
interventions might be targeted at the livestock and/or at human health. And might target 
either the whole human population and/or livestock in a country and geographic area, 
respectively, or at a specific group of persons/livestock within a country. In all cases does 
the target group strongly influence the choice of effects considered (monetary and non-
monetary), as well as the results of an economic evaluation.  

Economic evaluations can be applied at a number of levels. Potential perspectives that are 
used in public health economic evaluations are: individual perspective (e.g. patient); health 
care providers (e.g. hospital, doctor, etc.); third payer (i.e. often health insurance 
perspective); health authorities; manufacturers and society (a country, for example the 
Netherlands, or the international community, for example the EU; WHO; etc.). However, for 
zoonoses and foodborne pathogens the impact of these diseases does not only affect human 
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health and as such the health care sector, but has also an impact on other sectors and 
stakeholders in the society. Therefore, other perspectives might be necessary. For example 
one of the following perspectives: another authority than health authorities (e.g. in the case 
of zoonosis it could be the animal health authority or ministry of agriculture, etc.); 
individual stakeholder affected (e.g. farmer; slaughterhouse; etc); another sector than health 
care (e.g. farmers’ associations, slaughterhouses, or any other stakeholder in the chain or 
related industry); consumer. The chosen perspective determines which potential costs and 
consequences  to be included in an economic evaluation.  

Further should the time frame (the period over which the intervention is applied) and the 
analytic horizon (the period over which the costs and outcomes that occur as results of the 
intervention are considered) be long enough to capture all relevant positive and negative 
effects (WHO 2008b). Their respective durations are influenced by the type of intervention 
evaluated, the program itself, the target population and the model used (WHO 2008b).  

The type of intervention to be analyzed determines what type of epidemiological model is 
required to capture key elements of the disease. Jit and Brisson (2011) conducted a literature 
review on infectious diseases and modeling, whereby looking at interventions such as 
vaccination, screening, social distancing, post-exposure treatment and culling (for animal 
and plant diseases only). Based on their findings they developed a flow diagram with seven 
key questions. Based on the answers to these seven key questions the analyst can evaluate 
which type of model would be the most appropriated choice. 

5.4 Cost-effectiveness  

After having assessed costs and effects of an intervention, and the comparator, the next step 
in an economic evaluation is to link these results in the form of a ratio, mostly in the form of 
an (incremental) cost-effectiveness ratio (ICER).  

An ICER compares the differences between the costs and health outcomes of two alternative 
interventions that compete for the same resources. It is generally described as the additional 
cost per additional health outcome. The ICER numerator includes the differences in 
program costs and can include in addition the averted costs, depending on the choice of the 
perspective. Similarly, the ICER denominator is the difference in the measured effect e.g. 
DALY: 
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5.5 Cost-effectiveness studies using DALY in zoonoses and foodborne diseases  

Most published cost-effectiveness studies in zoonoses and foodborne diseases are mostly 
only restricted to animal health and related industry. The impact on human health is seldom 
considered.  

Nevertheless there are a few examples whereby also human health was considered, using 
DALY to measure the impact of the intervention on human health (e.g. Roth et al 2003; Budke 
et al 2005; Mangen et al 2007). A nice example of economic evaluations studying the impact of 
intervention on zoonoses and using DALY to express the intangible costs of bad health and 
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premature mortality is the one by Roth et al. (2003). Using a dynamic model of livestock-to-
human brucellosis transmission these authors simulate for Tibet the impact of vaccinating the 
livestock against brucellosis on the national animal health and national human health, and 
consequently expressed their results as costs per DALY averted. Another example of such an 
economic evaluation is the CARMA project (Havelaar et al. 2007; Mangen et al. 2007). These 
authors studied several interventions controlling campylobacter infections in the Dutch 
population. They looked at interventions at farm-level; in the slaughterhouse and at consumer 
level. For all these interventions the effect on human health was measured in averted 
infections, as well as in averted DALY. But also interventions costs were considered, as well as 
averted costs due to averted infections were considered in this study.  

Both studies are nice demonstrations for the usefulness of the DALY approach in economic 
evaluations when aiming at measuring the impact of an intervention on human health. 
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1. Introduction 
In the late 1960s and early 1970s of the recently past century were consolidated the Sciences 
of complexity and chaos1. Complexity seems to follow a path through which the primary 
energy was transformed into particles, particles were amended and a force converted into 
atoms, molecules and atoms in molecules is polymerized into complex structures that are 
self-replication . There seems to also be a tangential force that includes information and 
knowledge 2. 

On the other hand, chaos can be deterministic and non-deterministic. The first can predict 
their behavior although it can not be inferred, i.e., the number of external variables that infer 
it makes it almost impossible to manipulate, but you can know what will be the final 
behavior of the system. Likewise, we have the not deterministic, in that, as its name 
indicates it, the direction to take the system cannot be predicted, or the short life of human 
beings will not reach to analyse the final behavior of the system 3. 

Dynamic systems are complex systems of elements which interact not only with the 
elements in the system, but also relations among them. It is known that some systems 
operate in a linear fashion that its action can be predicted by the information relating to its 
point of starting and its rules of operation. Many systems apparently deterministic can be 
regulated or extremely unpredictable. The chaos theory, to put it in some way, with two 
branches, the first emphasizes the hidden order that exists in a system called chaotic 
system; the second branch refers to the process of self-regulation and self-control 
spontaneous 4.  

Lorenz contribution to knowledge of complex systems and the condition that can be chaotic 
is very important; Lorenz discovered, among other things, the fundamental characteristics 
of the systems that help us better understand what is known as chaos; Likewise, described 
the so-called Strange Attractors, which is popularly exemplify as "the butterfly effect", which 
refers to how a minimal variation in the initial conditions of a system can result in a totally 
unexpected effect, which would be equivalent to the idea of the "flutter of this insect in the 
Amazon could produce a storm a month later in Chicago". Lorenz contribution to 
knowledge of complex systems and the condition that can be chaotic is very important; 
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Lorenz discovered, among other things, the fundamental characteristics of the systems that 
help us better understand what is known as chaos; Likewise, described the so-called Strange 
Attractors, which is popularly exemplify as "the butterfly effect", which refers to how a 
minimal variation in the initial conditions of a system can result in a totally unexpected 
effect, which would be equivalent to the idea of the "flutter of this insect in the Amazon 
could produce a storm a month later in Chicago". This nomination is based on that there are 
many attractors in a given system, which increasingly are generating more changes in initial 
conditions, in this way each system is prone to certain attractors, such is the case of the large 
number of variables in the environment which in turn affect directly or indirectly in the 
system5.6.  

Bioterrorism is defined as the release or use of any microorganism, virus, infectious 
substance or biological product that may be modified as a result of biotechnology, natural or 
by components of bioengineering in any microorganism, virus, infectious substance, or 
biological product that can cause death, disease or disability in people, animals, plants or 
other living organisms 7,8,9 intentional. This paper aims to discuss and analyse the role of 
chaos in the proliferation of vectors and zoonosis induced and stochastic processes. The 
father of the linearity is Issac Newton; in its third Act set out that "every action has a 
reaction of the same magnitude but in the opposite direction", meaning a cause for effect. It 
is said that chaos theory breaks the paradigm of the linearity and Newtonian physics 10.  

One of the basic foundations in the theory of chaos is that many independent variables affect 
a single dependent variable, i.e. many causes for a single effect 11, 12. In chaotic systems the 
large number of independent variables present makes impossible their manipulation for 
what are complex processes. Given that all complex systems behave the same way, these 
concepts can be applied to health sciences. In this paper we propose the tools of the Sciences 
of complexity and chaos as a tool for the analysis of the proliferation of vectors and zoonosis 
in their potential use in bioterrorism.  

There are about 400 type viral zoonoses in the world, in addition to numerous bacterial 
zoonoses. Likewise emerging diseases, approximately 75% are zoonotic 13. 1,415 Species of 
infectious organisms known as pathogens for humans, these were reported in 2001, 61% are 
zoonotic origin, similar to 75% of 175 considered pathogens as emerging. 

Zoonoses can be introduced naturally or involuntarily (travel international, smuggling of 
goods, and animals) or by means of biological weapons. Zoonotic agents can be considered 
for their release or intentional introduction to cause damage and confusion that can run at 
the same time affect the health of animals and human having a serious socio-economic 
impact. On the other hand in a report published in the Journal of the American Medical 
Association concluded that 80% of common and likely to be used in biological warfare 
pathogens are zoonotic agents7,14. 

One of the important concepts in dynamical systems is "that small changes in initial 
conditions of the system can generate major changes in the final result", but in the surface 
forms of its evolution is likely to take different routes, such as self-organization, 
synchronization, no predictability of the effects of small changes in initial conditions and the 
existence of simplicity of some levels while chaos exists in other forms in the fundamental 
concepts of complexity 15. 
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Various properties spatiotemporal in complex systems emerge spontaneously from the 
interactions that occur in the system in question, which have an impact in a longitudinal 
manner over time, generating properties or unexpected effects in a given system; 
generating properties or unexpected effects in a given system; These properties has been 
called emergent processes. For example: it is known that when there is an overpopulation 
of a colony of lemmings, it enters into collective stress, then turns in droves to a cliff 
which precipitate. When the colony reaches a certain number you are calm and return to 
its territory. In this way, the colony regulates itself its population density. Complex 
systems can be critical systems characterized by the presence of spatiotemporals 
fluctuations in all possible scales existing in the system. It is important to mention that 
this phenomenon can be spontaneously and without the intervention of factors and forces 
external to the system, which is defined as self-organization. In many pathological 
processes in a particular community of animals, it is known that not all affected members 
will die; immunological properties of some is self-regulate and will compensate for the 
effects of the infectious agent16.  

Strange Attractors, not static or periodic, under the same conditions may diverge in a 
short period of time, making the system one chaotic and unpredictable 17, for example: the 
interaction between variables determines the transmission of infections in populations 
that are often complex and nonlinear, likewise involved individual life styles, which can 
only be understood in historical contextcultural and social in which occur. On zoonoses, 
daily living with pets or farm animals vary from family family 18,19 and 20 family 
economic status, so the flow of the spread can vary between each of these; Thus, with two 
equal systems at initial stage of a particular infectious disease will be different behaviors 
in its final phase. Strange Attractors, not static or periodic, under the same conditions may 
diverge in a short period of time, making the system one chaotic and unpredictable 17, for 
example: the interaction between variables determines the transmission of infections in 
populations that are often complex and nonlinear, likewise involved individual life styles, 
which can only be understood in historical contextcultural and social in which occur. On 
zoonoses, daily living with pets or farm animals can vary from family to family 18,19 and 
family economic status20, so the flow of the spread can vary between each of these; Thus, 
with two equal systems at initial stage of a particular infectious disease will be different 
behaviors in its final phase. 

There is ample evidence on the use of animals for early warning of a bioterrorist attack, has 
been observed that certain bioterrorism agents for, pets or livestock may prevent early, 
probably before manifested symptoms of the disease in humans to be detected in animals. 
Populations of animals such as wild birds, trade and shipping of livestock, as well as 
domestic animals involved in the local market or international trade could play a role in the 
maintenance and spread of an epidemic that is attributable to the deliberate release of a 
biological agent 7,14.  

In the case of avian influenza virus H5N1 has been reported that direct contact with poultry 
is to be a major cause of infection in humans. Taking the initial changes in the same system, 
such as the time and the type of daily living with this species, the contagion will have 
different evolution. It is known that in many developing countries, as it is the case of Latin 
America, some families have animals in backyard; Thus customs in each household care and 
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handling of the animals may differ, so a potential contagion and its dissemination will take 
different behaviors between different families21. 

The Center for prevention and Disease Control (CDC) classifies agents and bioterrorism in 
categories A, B and C diseases, placing with the letter A, to those with highest priority since 
they represent a national security risk already because,  a) can be easily disseminated or 
transmitted from person to person, b) result in high mortality rates and have the potential to 
impact on public health, c) could cause panic among the population and social disorders 
and, d) require special public health measures. The main actors are anthrax, botulinum 
toxin, plague, smallpox, tularemia, and hemorrhagic fever viral. However, in addition to 
those already mentioned, there are other offensive players as it is the case of brucellosis, 
glanders, Hendra virus, avian flu, Nipah virus, avian psitacósis, Rift Valley fever 
melioidosis, cryptosporidiosis, Cryptococcosis, Q fever, fever of dengue, smallpox, equine 
viral encephalitis and viral hemorrhagic fevers which have been detected in animals other 
than smallpox and dengue fever7,14, 22.  

The majority of biological agents (especially of the type A) are effectively used spray; 
aerosols are the method most commonly used in a potential bioterrorism attack because 
they are the most effective means for wide dissemination7. 

Returning to the case of the H5N1 avian influenza, the modification of a variable, such as 
slight variations of the migratory routes, can generate completely different results, so that 
the follow-up to the transmission of avian influenza is complex23. We know that there are 
three clearly different States for the transmission of a zoonosis: excretion, presence in the 
environment and the entrance to the new host. Similarly there are two transmission 
mechanisms: caused by a vector and direct pollution from animal body fluids24. Another 
complex factor in the analysis and monitoring of a possible source of infection is the 
incubation period, as this can vary between the different subjects25. It is important to 
mention that many elements can contribute to emerge new zoonotic diseases of viral, or 
microbiological origin such as mutations, natural selection, progression would evolve, 
individual determinants of guests, acquisition of immunity, physiological determinants of 
the population of the host, behaviors, social characteristics of the guests, commercial 
transport, iatrogenic factors, ecological and climatic influences. Such is the case of the 
virus of swine influenza H1N1, cause of respiratory disease of pigs and that now their 
mutations have caused infection among humans26, 27. It is known that the H5N1 virus, 
which has been isolated in more than 90 bird species in wildlife, mainly ducks, geese and 
49 species of shorebirds, has been able to cross the species barrier and has given rise to 
many human cases of influenza avian; some research studies report a fatality from 80%. 
Coupled with this is has isolated the virus in feces of cats that ate dead birds, so it is likely 
that these animals are also potential carriers13,28,29,30,31,32. The sum of these factors, in 
addition to migration routes and family customs, can give a chaotic model, making the 
analysis and follow-up of the epizootiology of influenza avian with conventional 
statistical tools33. It is important to mention that migratory birds may be reservoirs or 
mechanical vectors of numerous infectious agents with respect to a possible transmission 
of diseases from birds to humans34. Today it is known that many migratory birds have 
diverted their initial destinations and endings, as it has happened in the Lake of 
Guadalupe in Atizapan, State Mexico, where they currently live different kinds of 
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migratory birds which have become the fauna of the place. New methods of study have 
been adapted to the increase in infectious diseases, using models of Bayesian analysis, 
theories of social, technical networks of systems posnormales, which generated an 
increase of the different variables affecting the study population, the biology of the 
multiple hosts in infectious complexes and social and ecological systems35.  

2. Usefulness of fractals in the theory of chaos  
In nature there are countless formed whimsical figures to the length of time for the random 
sum of all its parts, so we could ask ourselves: when in nature is a completely spherical 
River stone or a hexagonal-shaped volcanic stone or a grotto with a cathedral-like vaults?23. 
It is obvious that man has simplified the capricious forms of nature in perfect geometric 
figures, starting from the basis for Euclidean geometry used today. 

Based on the analysis of the figures of nature comes a new concept of these forms called 
"Fractals" by Mandelbrot36. Fractals have the characteristic that they may represent 
something more than a line and less than a plane can be larger than a one-dimensional form 
and lower than a two-dimensional1. The fractal depends on the scale of which is measured, 
so that the complexity of the forms and structures of nature are not accidental. Fractals can 
help to understand behaviors in different areas, from the distribution of galaxies in the 
universe until the spread of infectious diseases23, to describe the formation of these random 
structures but with a certain pattern. For example, to observe the Gulf of Mexico from a 
satellite shown in the form of a semicircle, but approaching increasingly may distinguish 
forms that could not discriminate at the height of the satellite: large number of structures 
not symmetrical as bays, beaches, cliffs, stone, etc; When more detail will find more specific 
formations that break with the initial figure that would be the half circle. Another example 
would be the flower of broccoli; to the analyse in fragments increasingly smaller find 
structures similar to the original flower, which to the join form this, that, as mentioned, has 
a characteristic form, however, are not equal each other, share similar but not identical 
ways. A last example: the snow form irregular accumulations resulting in certain places be 
larger than others, in this way all clusters of snow are irregular and capriciously formed. 
Similarly, the grouping of cases in a particular epidemic could follow the trend groups in 
certain areas or regions. Based on this concept will be the utility of fractal geometry in 
epidemiology. Regarding social behavior in humans, we can say that some of them are still 
patterns of fractal formations, such as irregular settlements, where there is no defined order 
of the planning of streets and houses.  

If he is a graph of dispersion of times and movements of the spread of a particular 
disease, we should possibly corresponding to fractal structures; in the graph, at each point 
you could see a new outbreak of the disease, for example: in a transmission of 
leptospirosis37 by water contaminated in a given municipality, not concentrate the 
outbreaks of the disease near the source of the contaminated water, but in places where 
turned the carriers of the disease, either their homes or their sources of employment, 
which should be combined with the displacement of rats infected to places where the 
water stored for drinking contaminarían. Another example of spread of disease with this 
pattern would be that occurred at the beginning of the 20th century when the plague 
caused by Yersinia pestis killed millions of people to the Lake around the world38, It is 
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handling of the animals may differ, so a potential contagion and its dissemination will take 
different behaviors between different families21. 
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known that this bacteria infects small mammals, especially rodents and is transmitted to 
humans by fleas. It has identified more than 200 different mammals and about 80 different 
species of fleas in the prevalence of this disease; the flea in rat Xenopsylla cheopis is 
considered the most competent vector39. The chaotic spread was due to the displacement 
of the rats; If there will be a dispersion of times and movements of this spread chart we 
would possibly find a fractal formation. This type of graphics will give more information 
and understanding about the movement and spread of disease. The complexity of the 
swine influenza virus H1N1 is in their primary forms of infection, mainly people who 
have direct contact with these animals 27.40; special cases like infection reported by a 
freshly dead animal viscera41, the subtypes due to mutations of the virus42, the first 
reports of infection between human43, the resistance of the antiviral oseltamivir44. Uniting 
these factors, the threat of a pandemic is latent45 because these factors are fundamental in 
viral diseases emerging, probably generating structures similar to fractals to analyse the 
cases that are registered to the length of the epidemic. This happened in Mexico during 
the recent outbreak by the subtype of the virus H1N1, appointed by the World Health 
Organization on April 30, 2009 as AH1N1 influenza virus human (to curb the 
indiscriminate slaughter of the pig), because this subtype spread from human to human. 
If he is a graph of regional States and municipalities, possibly it would be up to fractal 
structures, which could understand behavior following cases in its transmission.  

Finally, we can mention the fractal geometry can be a useful tool for analyzing the chaotic 
systems 23.  

3. Small world and social networks 
Many times we have heard the phrase what little is the world!, mainly when two people are 
in a particular place and without knowing they have an acquaintance in common, resulting 
in the phrase "how small is the world". Societies, organizations and individuals are 
structured as a network of networks, interacting entities, who form "self-organized influence 
the quality and performance of their organizations"; self-organization is present in all of 
nature. The phenomenon of "small world" inherent in complex networks, shows that 
pooling is great but the distance from characteristic interconnection is very low. As a result, 
such networks are located in the complex area, between the total order and random. The 
"small world" phenomenon gives networks characteristics of optimization, such as 
computer and epidemiological flows: It is therefore essential to know in detail the social 
networks for phenomena that involve aspects of communication. 

The usefulness of the small world on social networks implies that each of us are 
responsible for a given mode, where from, first, our relatives, friends and acquaintances, 
in turn each of them also has its node, so for them the primary node is for us our 
secondary node and so on. Using social networks in the analysis and monitoring of the 
spread of a disease, and its dissemination, displacements and the resulting direct contacts 
of relations that is daily with family, friends, coworkers and acquaintances may analyse 
more objectively. It is worth mentioning in addition to interpersonal relationships, long 
distances that are run on a daily basis make more complex this follow-up, for example: 
the inhabitants of big cities, as the case of the conurbados municipalities in the city of 
Mexico where people on average move approximately 20 Km or more to their places of 
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work. Globalization implies that many people in the morning respondents in their 
hometown and eat or cenen in a city or country. According to airports and auxiliary 
services of Mexico, 2008 attended 28 million passengers in airports in Mexico46, so the 
number of passengers who travel around the world by week is million; in this way, the 
infection of a disease can spread rapidly around the world; possibly a detailed analysis of 
aviation networks could be the cornerstone for the monitoring of the spread of disease 47. 
For example: it is common that some businessmen in the morning are closing a business 
in any city of United States and in the afternoon are having dinner at his home in Mexico; 
determinant can occur with the migration with the theory of small world and the spread 
of diseases, we have as a result the complexity for the analysis and monitoring of a certain 
disease, mainly of the undocumented 48,49.  

On the basis of the above examples by associating them; in the case of the zoonoses, little 
legislation in countries under development path, coupled with the little attachment is on the 
rules of transfer, the management of animal farm, which also affect the magnitude of the 
movements, and company result of commercial treaties between countries50. 

The existence of pet stores which allows children to interact with animals such as sheep, 
goats, cats, dogs and birds, without minimum hygiene conditions, both for animals and 
humans, with the potential risk of transmission of Escherichia coli51, in addition to this, the 
almost non-existent participation of veterinary clinics in terms of education for the health 
of their clients 52,53, as well as the shortcomings of professional supervision of products of 
animal origin, can produce a complex spread of a particular zoonosis, in which disease 
appears at various points away from each other but with the same focus of origin. We 
know that Brucella melitenesis mainly affects goats, but can also affect cattle and pigs; on 
the other hand, the Brucella abortus is the primary responsibility for the bovine brucellosis. 
Brucella is excreted in the milk and vaginal excretions in high quantities, even in 
asymptomatic cases.  

In humans, as well as direct contact with infected animals, you can purchase to consume 
dairy products, coupled with the variability of the trade routes that are complex, so it is 
almost impossible to know the source of original contamination54,55 . Use the principles of 
"small world" and thorough analysis of the monitoring of relations between the different 
nodes (primary, secondary, tertiary, etc) of infected consumers, will be critical to understand 
the spread of this disease. 

4. Usefulness of the analysis of processes of chaotic time series 
The deterministic equations are structured to address a small number of variables, such 
form can ask few behaviors observed in nature describe deterministic equations with a small 
number of variables; on the contrary, the number of variables involved is high. To estimate 
the size of the strange attractors are useful time series, as they are generated by systems with 
many degrees of freedom 56. There are many tools to analyze complex systems, in this article 
we will focus basically to time series for its ease of handling and understanding. A time 
series or chronological is a set of data recorded or observed in equal times; the purpose is to 
get a concise description of a series in particular, the construction of a model to explain the 
behavior of a series of time with respect to its history, or define a structure of behavior, i.e. 
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known that this bacteria infects small mammals, especially rodents and is transmitted to 
humans by fleas. It has identified more than 200 different mammals and about 80 different 
species of fleas in the prevalence of this disease; the flea in rat Xenopsylla cheopis is 
considered the most competent vector39. The chaotic spread was due to the displacement 
of the rats; If there will be a dispersion of times and movements of this spread chart we 
would possibly find a fractal formation. This type of graphics will give more information 
and understanding about the movement and spread of disease. The complexity of the 
swine influenza virus H1N1 is in their primary forms of infection, mainly people who 
have direct contact with these animals 27.40; special cases like infection reported by a 
freshly dead animal viscera41, the subtypes due to mutations of the virus42, the first 
reports of infection between human43, the resistance of the antiviral oseltamivir44. Uniting 
these factors, the threat of a pandemic is latent45 because these factors are fundamental in 
viral diseases emerging, probably generating structures similar to fractals to analyse the 
cases that are registered to the length of the epidemic. This happened in Mexico during 
the recent outbreak by the subtype of the virus H1N1, appointed by the World Health 
Organization on April 30, 2009 as AH1N1 influenza virus human (to curb the 
indiscriminate slaughter of the pig), because this subtype spread from human to human. 
If he is a graph of regional States and municipalities, possibly it would be up to fractal 
structures, which could understand behavior following cases in its transmission.  

Finally, we can mention the fractal geometry can be a useful tool for analyzing the chaotic 
systems 23.  

3. Small world and social networks 
Many times we have heard the phrase what little is the world!, mainly when two people are 
in a particular place and without knowing they have an acquaintance in common, resulting 
in the phrase "how small is the world". Societies, organizations and individuals are 
structured as a network of networks, interacting entities, who form "self-organized influence 
the quality and performance of their organizations"; self-organization is present in all of 
nature. The phenomenon of "small world" inherent in complex networks, shows that 
pooling is great but the distance from characteristic interconnection is very low. As a result, 
such networks are located in the complex area, between the total order and random. The 
"small world" phenomenon gives networks characteristics of optimization, such as 
computer and epidemiological flows: It is therefore essential to know in detail the social 
networks for phenomena that involve aspects of communication. 

The usefulness of the small world on social networks implies that each of us are 
responsible for a given mode, where from, first, our relatives, friends and acquaintances, 
in turn each of them also has its node, so for them the primary node is for us our 
secondary node and so on. Using social networks in the analysis and monitoring of the 
spread of a disease, and its dissemination, displacements and the resulting direct contacts 
of relations that is daily with family, friends, coworkers and acquaintances may analyse 
more objectively. It is worth mentioning in addition to interpersonal relationships, long 
distances that are run on a daily basis make more complex this follow-up, for example: 
the inhabitants of big cities, as the case of the conurbados municipalities in the city of 
Mexico where people on average move approximately 20 Km or more to their places of 
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work. Globalization implies that many people in the morning respondents in their 
hometown and eat or cenen in a city or country. According to airports and auxiliary 
services of Mexico, 2008 attended 28 million passengers in airports in Mexico46, so the 
number of passengers who travel around the world by week is million; in this way, the 
infection of a disease can spread rapidly around the world; possibly a detailed analysis of 
aviation networks could be the cornerstone for the monitoring of the spread of disease 47. 
For example: it is common that some businessmen in the morning are closing a business 
in any city of United States and in the afternoon are having dinner at his home in Mexico; 
determinant can occur with the migration with the theory of small world and the spread 
of diseases, we have as a result the complexity for the analysis and monitoring of a certain 
disease, mainly of the undocumented 48,49.  

On the basis of the above examples by associating them; in the case of the zoonoses, little 
legislation in countries under development path, coupled with the little attachment is on the 
rules of transfer, the management of animal farm, which also affect the magnitude of the 
movements, and company result of commercial treaties between countries50. 

The existence of pet stores which allows children to interact with animals such as sheep, 
goats, cats, dogs and birds, without minimum hygiene conditions, both for animals and 
humans, with the potential risk of transmission of Escherichia coli51, in addition to this, the 
almost non-existent participation of veterinary clinics in terms of education for the health 
of their clients 52,53, as well as the shortcomings of professional supervision of products of 
animal origin, can produce a complex spread of a particular zoonosis, in which disease 
appears at various points away from each other but with the same focus of origin. We 
know that Brucella melitenesis mainly affects goats, but can also affect cattle and pigs; on 
the other hand, the Brucella abortus is the primary responsibility for the bovine brucellosis. 
Brucella is excreted in the milk and vaginal excretions in high quantities, even in 
asymptomatic cases.  

In humans, as well as direct contact with infected animals, you can purchase to consume 
dairy products, coupled with the variability of the trade routes that are complex, so it is 
almost impossible to know the source of original contamination54,55 . Use the principles of 
"small world" and thorough analysis of the monitoring of relations between the different 
nodes (primary, secondary, tertiary, etc) of infected consumers, will be critical to understand 
the spread of this disease. 

4. Usefulness of the analysis of processes of chaotic time series 
The deterministic equations are structured to address a small number of variables, such 
form can ask few behaviors observed in nature describe deterministic equations with a small 
number of variables; on the contrary, the number of variables involved is high. To estimate 
the size of the strange attractors are useful time series, as they are generated by systems with 
many degrees of freedom 56. There are many tools to analyze complex systems, in this article 
we will focus basically to time series for its ease of handling and understanding. A time 
series or chronological is a set of data recorded or observed in equal times; the purpose is to 
get a concise description of a series in particular, the construction of a model to explain the 
behavior of a series of time with respect to its history, or define a structure of behavior, i.e. 
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to establish a function of transfer and ultimately predict based on the results of the previous 
points57. In this way, time series are used to analyze the behavior of certain variable over 
time, so that its fundamental measurement are variables temporary, analyzing its influence 
on the trend, seasonality and cyclical fluctuations and irregular variations, the latter being 
the possible generators of chaotic models. It is worth noting that a chaotic process can not 
manipulate independent variables that affect the process but we know the effect generated 
by them; Thus the end of the system effect, is known to carry out a thorough analysis of the 
behavior of the different variables affecting the final outcome.  

When you want to analyze the behavior of certain variable over time, usually we carry out 
analysis according to months, quarters or years, and on many occasions there are variables 
that to be averaged over the month, quarter or year are smoothed (when estimated an 
average between a lot of data there is a risk of that extreme values do not significantly alter 
the standard deviation) with respect to all data obtained during the period being analyzed.  

Temporal analysis, the period to analyze is the smallest possible, i.e. in days, given that 
one of the characteristics of chaotic processes is that "small changes that can be generated 
in the initial conditions generate totally unexpected results". In this way, to analyse 
increasingly shorter periods daily behavior of the process, identified the modifier 
variables and changes that will generate these throughout the study period; may examine 
on many occasions when you have not expected natural events or the uncontrolled spread 
of a given pathology, or mutations in different pathogens adatando to various changes in 
the environment, it is difficult to predict their behaviour58. Investigate similar problems 
and describe the different scenarios where previous experiences known biases that 
occurred in the previous process, serves as background to generate campaigns of 
prevention or education for health in specific populations, for example: If in a certain area 
southeast of the Mexican Republic increases the amount of expected rain, may increase 
the population of hemipteran insects, sucking, as we know are responsible of transmitting 
trypanosomiasis, caused by the flagellate Protozoan Trypanosoma cruzi59, Similarly, we 
know that the dog is the most important reservoir and found that it increases the risk of 
domestic transmission. If the increase in the population of dogs in the area add to the 
previous scheme, are not expected on the historical results. To use the analysis of time 
series include behavior that took the spread of Chagas disease in this area, is this way, 
certain actions will be taken. Another example would be the contamination of drinking 
water after a natural disaster: taking again as an example leptospirosis, where rodents 
dump large amount of Leptospira through urine, and transmission can occur through the 
skin and the mucous membranes to have direct contact with damp soil or vegetation 
contaminated, can be summarized that floods facilitated the proliferation of vectors, in 
association with the common proximity of rodents with humans60. Analysing the 
behaviour of the effects of this disease in a given population at the end of a month, the 
data that would would casuistry. Analysing shaped retrospective per day, the behavior of 
the spread of this disease correlating cases obtained by day by variable, such as 
dissemination, climate change, relocation of the population, and so on, the behavior of 
this zoonosis; will better understand Thus, predictability will only be possible when 
analysing short periods, mainly on models with dynamic and unpredictable 
behaviour61,62.  
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5. Discussion 
The variety of emerging diseases that are detected by the day make us reflect on the role of 
biological vectors as well as the transmission goes with coexistence with animals. Likewise, 
as mentioned in the text a percentage of emerging diseases are zoonotic origin. Diseases of 
high pathogenicity as the case of the H5N1 influenza avian in the reported a mortality rate 
above 65% coupled with cultural and social elements mainly in developing countries 
increases a potential direct transmission by the coexistence or possible bad cooking meat 
consumption, if we add this to the diversity of migratory routes as well as alternate routes 
derived from attractors a pandemic would be the result the sum of these factors. Genetic 
engineering has played a key role in what is the manipulation of the genetic engineering of 
several species, creating uncertainty and social dissatisfaction with regard to unexpected 
infections; If we add the elements you just mentioned with an intentional inoculation can 
generate incalculable catastrophes, which is why health teams should be prepared using 
tools such is the case of stochastic processes and chaos to analyse possible routes and modes 
of transmission of any zoonotic disease, medicine has tried to divorce of physicsWe must 
break the paradigm of the linearity and study, understand and analyze the role of complex 
systems in the transmission of diseases. The change or modification of the independent 
variables accelerates and slows the discontinuity thresholds, thus the thresholds indicated 
various endogenous processes or positive feedback, and these proportions you rulers of the 
change. 

Two isolated chaotic systems can not be synchronized, because although they are 
particularly identical and begin to function at the same time, immediately their lower case 
differences will be amplified and this will increasingly be more divergent among 
themselves, similar to two outbreaks of a given disease in two different places. Hence the 
importance of the use of time series, that modifier effect on space and time variables may be 
known to decompose the system into smaller periods.  

Human populations have a high degree of connectivity, addition to the increase in 
connections for ease of travel, hence the approach of the "small world", which makes us 
think about the increase in the likelihood of a pandemic63,64. 

The variables that should be considered in a complex dynamic model are susceptibility, 
exposure, infection, immunity, clinical manifestations, incubation period, in some cases 
healthy carriers and travel, among others65. 

It is important to emphasis that dynamic systems are independent, in particular the 
incidence of a particular disease, since this is a direct consequence of susceptibility. Thus, 
the incidence of certain zoonoses, starting simulators where deemed mobilizations, risk and 
possible susceptibility of individuals of the study population must analyze. Regardless of 
the understanding or not of a dynamic process, the use of time for analysis series serves to 
study the behavior of a particular infection in a subject, subgroup or a particular population, 
likewise gives the opportunity to use smaller periods of time66. 

We reiterate that there are many tools to analyze complex systems, such as the Scale-Free 
Model Barabasi-Albert, among others; in this work have exemplified time series for easy 
understanding and handling for the analysis of non-linear systems, because they are useful 
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to establish a function of transfer and ultimately predict based on the results of the previous 
points57. In this way, time series are used to analyze the behavior of certain variable over 
time, so that its fundamental measurement are variables temporary, analyzing its influence 
on the trend, seasonality and cyclical fluctuations and irregular variations, the latter being 
the possible generators of chaotic models. It is worth noting that a chaotic process can not 
manipulate independent variables that affect the process but we know the effect generated 
by them; Thus the end of the system effect, is known to carry out a thorough analysis of the 
behavior of the different variables affecting the final outcome.  

When you want to analyze the behavior of certain variable over time, usually we carry out 
analysis according to months, quarters or years, and on many occasions there are variables 
that to be averaged over the month, quarter or year are smoothed (when estimated an 
average between a lot of data there is a risk of that extreme values do not significantly alter 
the standard deviation) with respect to all data obtained during the period being analyzed.  

Temporal analysis, the period to analyze is the smallest possible, i.e. in days, given that 
one of the characteristics of chaotic processes is that "small changes that can be generated 
in the initial conditions generate totally unexpected results". In this way, to analyse 
increasingly shorter periods daily behavior of the process, identified the modifier 
variables and changes that will generate these throughout the study period; may examine 
on many occasions when you have not expected natural events or the uncontrolled spread 
of a given pathology, or mutations in different pathogens adatando to various changes in 
the environment, it is difficult to predict their behaviour58. Investigate similar problems 
and describe the different scenarios where previous experiences known biases that 
occurred in the previous process, serves as background to generate campaigns of 
prevention or education for health in specific populations, for example: If in a certain area 
southeast of the Mexican Republic increases the amount of expected rain, may increase 
the population of hemipteran insects, sucking, as we know are responsible of transmitting 
trypanosomiasis, caused by the flagellate Protozoan Trypanosoma cruzi59, Similarly, we 
know that the dog is the most important reservoir and found that it increases the risk of 
domestic transmission. If the increase in the population of dogs in the area add to the 
previous scheme, are not expected on the historical results. To use the analysis of time 
series include behavior that took the spread of Chagas disease in this area, is this way, 
certain actions will be taken. Another example would be the contamination of drinking 
water after a natural disaster: taking again as an example leptospirosis, where rodents 
dump large amount of Leptospira through urine, and transmission can occur through the 
skin and the mucous membranes to have direct contact with damp soil or vegetation 
contaminated, can be summarized that floods facilitated the proliferation of vectors, in 
association with the common proximity of rodents with humans60. Analysing the 
behaviour of the effects of this disease in a given population at the end of a month, the 
data that would would casuistry. Analysing shaped retrospective per day, the behavior of 
the spread of this disease correlating cases obtained by day by variable, such as 
dissemination, climate change, relocation of the population, and so on, the behavior of 
this zoonosis; will better understand Thus, predictability will only be possible when 
analysing short periods, mainly on models with dynamic and unpredictable 
behaviour61,62.  
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5. Discussion 
The variety of emerging diseases that are detected by the day make us reflect on the role of 
biological vectors as well as the transmission goes with coexistence with animals. Likewise, 
as mentioned in the text a percentage of emerging diseases are zoonotic origin. Diseases of 
high pathogenicity as the case of the H5N1 influenza avian in the reported a mortality rate 
above 65% coupled with cultural and social elements mainly in developing countries 
increases a potential direct transmission by the coexistence or possible bad cooking meat 
consumption, if we add this to the diversity of migratory routes as well as alternate routes 
derived from attractors a pandemic would be the result the sum of these factors. Genetic 
engineering has played a key role in what is the manipulation of the genetic engineering of 
several species, creating uncertainty and social dissatisfaction with regard to unexpected 
infections; If we add the elements you just mentioned with an intentional inoculation can 
generate incalculable catastrophes, which is why health teams should be prepared using 
tools such is the case of stochastic processes and chaos to analyse possible routes and modes 
of transmission of any zoonotic disease, medicine has tried to divorce of physicsWe must 
break the paradigm of the linearity and study, understand and analyze the role of complex 
systems in the transmission of diseases. The change or modification of the independent 
variables accelerates and slows the discontinuity thresholds, thus the thresholds indicated 
various endogenous processes or positive feedback, and these proportions you rulers of the 
change. 

Two isolated chaotic systems can not be synchronized, because although they are 
particularly identical and begin to function at the same time, immediately their lower case 
differences will be amplified and this will increasingly be more divergent among 
themselves, similar to two outbreaks of a given disease in two different places. Hence the 
importance of the use of time series, that modifier effect on space and time variables may be 
known to decompose the system into smaller periods.  

Human populations have a high degree of connectivity, addition to the increase in 
connections for ease of travel, hence the approach of the "small world", which makes us 
think about the increase in the likelihood of a pandemic63,64. 

The variables that should be considered in a complex dynamic model are susceptibility, 
exposure, infection, immunity, clinical manifestations, incubation period, in some cases 
healthy carriers and travel, among others65. 

It is important to emphasis that dynamic systems are independent, in particular the 
incidence of a particular disease, since this is a direct consequence of susceptibility. Thus, 
the incidence of certain zoonoses, starting simulators where deemed mobilizations, risk and 
possible susceptibility of individuals of the study population must analyze. Regardless of 
the understanding or not of a dynamic process, the use of time for analysis series serves to 
study the behavior of a particular infection in a subject, subgroup or a particular population, 
likewise gives the opportunity to use smaller periods of time66. 

We reiterate that there are many tools to analyze complex systems, such as the Scale-Free 
Model Barabasi-Albert, among others; in this work have exemplified time series for easy 
understanding and handling for the analysis of non-linear systems, because they are useful 



 
Zoonosis 

 

48

for interpreting and monitoring of a particular epidemic compared to linear models, for 
example: the trend of cases of a disease in particular is not linear over the yearsthey can 
identify cyclical fluctuations with respect to the seasons of the year, but this cyclical 
fluctuations will ever have identical behavior to analyze year by year, by which one may 
speak strictly of seasonality, that to ensure this, that you will need to have identical number 
of cases over the previous month year;  so, irregular variations during the year of the cases 
of certain pathology will be the time series to analyze if it is possible to avoid the 
suavizamiento of data averaged over long periods of time in days. Finally, we believe that it 
is very important to know, disseminate and use the tools of the Sciences of complexity and 
chaos, as they represent a new paradigm that implies an advance to understand the 
dynamic processes of the biological and social phenomena.      

The variety of emerging diseases that are detected by the day make us reflect on the role of 
biological vectors as well as the transmission goes with coexistence with animals. Likewise, 
as mentioned in the text a percentage of emerging diseases are zoonotic origin. Diseases of 
high pathogenicity as the case of the H5N1 influenza avian in the reported a mortality rate 
above 65% coupled with cultural and social elements mainly in developing countries 
increases a potential direct transmission by the coexistence or possible bad cooking meat 
consumption, if we add this to the diversity of migratory routes as well as alternate routes 
derived from attractors a pandemic would be the result the sum of these factors. Genetic 
engineering has played a key role in what is the manipulation of the genetic engineering of 
several species, creating uncertainty and social dissatisfaction with regard to unexpected 
infections; If we add the elements you just mentioned with an intentional inoculation can 
generate incalculable catastrophes, which is why health teams should be prepared using 
tools such is the case of stochastic processes and chaos to analyse possible routes and modes 
of transmission of any zoonotic disease, medicine has tried to divorce of physicsWe must 
break the paradigm of the linearity and study, understand and analyze the role of complex 
systems in the transmission of diseases. 

The change or modification of the independent variables accelerates and slows the 
discontinuity thresholds, thus the thresholds indicated various endogenous processes or 
positive feedback, and these proportions you rulers of the change. 
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1. Introduction 
Zoonoses have affected human health throughout times, and wildlife has always played a 
role. Wildlife has long been recognized as potential sources for infectious diseases in 
humans and domestic animals. Diseases of wildlife have historically gained attention 
primarily when they were considered a threat to agricultural systems and the economic, 
social, or physical health of humans (Andrew et al, 2009). Today, zoonoses with wildlife 
reservoirs constitute a major public health problem, affecting all continents. The importance 
of such zoonoses is increasingly recognized, and the need for more attention in this area has 
to be addressed (Kruse et al., 2004). Wildlife can be defined as free-roaming animals such as 
mammals, birds, fish, reptiles, and amphibians living in a natural undomesticated state. 

Zoonoses are infectious diseases which can be passed between vertebrate animals and 
humans. A high proportion of noticeable human diseases are zoonotic. They exclude diseases 
transmitted from human to human via an arthropod vector e.g. malaria (NR International 
managers of the Livestock Production Programme (LPP), 2006). Taylor et al, (2001) catalogued 
1,415 known human pathogens and reported that 62% were of zoonotic origin. Wild animals 
seem to be involved in the epidemiology of most zoonoses and serve as major reservoirs for 
transmission of zoonotic agents to domestic animals and humans (Kruse et al., 2004). Zoonoses 
with wildlife reservoirs are typically caused by various bacteria, viruses, and parasites, 
whereas fungi are of negligible importance (WHO, 1999). 

2. The grasscutter 
The grasscutter (Thryonomys swinderianus), variously known as the marsh cane-rat , ground 
hog and in francophone West Africa, the aulacode or incorrectly, the agouti is a rodent but not 
a rat proper, since it belongs to the Hystricomorpha (porcupine family). This rodent subclass 
embraces similar species in both the old and new world, species which were originally 
classified according to the differentiation of the masticatory musculature (Simpson, 1974). 

The grasscutter has thickset body, measuring up to 40cm to 60cm in addition to a 20cm -
25cm tail (Fitzinger, 1995), (See Plate 1). Its average weight fluctuates between 2kg to 4kg in 
the females and 3kg to 6kg in the males (Baptist and Mensah, 1986, Adjanahoun, 2002, Jori et 
al, 1995 and Merwe, 2000). Its furs comprise a mixture of brown reddish and gray hairs that 
vary depending on its habitat (Jori and Chardonnet, 2001). Some other authors reported that 
the skin and hair (fur) as well as limbs and tails are easily torn out (Rosevear, 1969; 
kingdom, 1974). This makes the animal very difficult to catch and even more difficult to 
handle after capture. 
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The grasscutter is a quick runner and a skilled swimmer, despite the blunt snout. Its visual 
powers are relatively poor, making communication to be based only on hearing and well 
developed sense of smell. This rodent can live up to four years in captivity (Jori and 
Chardonnet, 2001). It is a monogastric herbivore like the rabbit and other rodents; it is a 
good food converter and often practices coprophagy (Hemmer, 1992). They are considered 
delicacy, high prized source of protein and agricultural pest of cereals and other crops 
(Yeboah and Adamu, 1995). 

 
Plate 1. The grasscutter (Thryonomys swinderianus), matured adult measures 40-60cm long; 
weighs 2-6 kg; mixture of reddish brown and grey fur; monogastric herbivore; quick runner; 
skilled swimmer; poor vision; good sense of smell; lives up to 4 years in captivity; Induced 
ovulator; Gestation period 150-156 days; litter size up to 6. 

3. Distribution and habitat of the grasscutter  
The grasscutter is found only in Africa (Rosevear, 1969; Baptist and Mensah, 1986; Adoun, 
1993). In West Africa where grass provides its main habitat and food, it is commonly known 
as the “grasscutter” or the “cutting grass”, while in other parts of Africa particularly 
Southern Africa, where it is closely associated with cane fields, it is called the “Cane rat”.  

The grasscutter is found in grasslands and wooded savannah throughout the humid and 
sub-humid areas, south of the Sahara (National Research Council, 1991), specifically from 
Senegal to parts of the Cape Province in South Africa (Rosevear, 1969). The giant cane rat 
can also be found in any where there is dense grass, especially reedy grass growing in damp 
or wet places (Asibey, 1974a). They do not inhabit the rain forest, dry scrub or desert regions 
(National Research Council, 1991). Its distribution is determined basically by the availability 
of adequate or preferred grass species for food (National Research Council, 1991). 

In West Africa, the grasscutter is not considered a threatened or disappearing species of 
wildlife (Baptist and Mensah, 1986). On the contrary, forest clearance in the Guinea zone has 
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expanded its ecological habitat from the Savannah region into cropped areas and secondary 
forest, following agricultural encroachment on forests (Baptist and Mensah, 1986). 

Similarly in Ghana, the grasscutter has penetrated the high forest where there is intensive 
maize, cassava, sugarcane, young cocoa, coconut, oil-palm, pineapple and egg plant 
cultivation (Asibey, 1974b). However, Thryonomys swinderianus has often been encountered 
in the vicinity of water courses just as both species have also been found in the same 
environment in East Africa (Kingdom 1974). 

 
Plate 2. The grasscutter feeding on Guinea grass (Panicum maximum). 

4. Characteristics of the grassutter 
It has thickset body, measuring up to 40cm to 60cm, in addition to a 20cm -25cm tail 
(Fitzinger, 1995). Its average weight fluctuates between 2kg to 4kg in the females and 3kg to 
6kg in the males (Baptist and Mensah, 1986, Adjanahoun, 1992, Jori et al, 1995 and Merwe, 
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makes the animal very difficult to catch and even more difficult to handle after capture. The 
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4. Characteristics of the grassutter 
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(Fitzinger, 1995). Its average weight fluctuates between 2kg to 4kg in the females and 3kg to 
6kg in the males (Baptist and Mensah, 1986, Adjanahoun, 1992, Jori et al, 1995 and Merwe, 
2000). Its furs comprise a mixture of brown reddish and gray hairs that vary depending on 
its habitat (Jori and Chardonnet, 2001). Some other authors reported that the skin and hair 
(fur) as well as limbs and tails are easily torn out (Rosevear, 1969; kingdom, 1974). This 
makes the animal very difficult to catch and even more difficult to handle after capture. The 
grasscutter is a quick runner and a skilled swimmer, despite the blunt snout. Its visual 
powers are relatively poor, making communication to be based only on hearing and well 
developed sense of smell. It can live up to four years in captivity (Jori and Chardonnet, 
2001). It is a monogastric herbivore like the rabbit and other rodents; a good food converter 
and often practices coprophagy (Hemmer, 1992). They are considered as high prized source 
of protein and agricultural pest of cereals and other crops (Yeboah and Adamu, 1995). 

The grasscutter is found in grasslands and wooded savannah throughout the humid and 
sub-humid areas, south of the Sahara (National Research Council, 1991), specifically from 
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Senegal to parts of the Cape Province in South Africa (Rosevear, 1969). The giant cane rat 
can also be found any where there is dense grass, especially reedy grass growing in damp or 
wet places (Asibey, 1984). They do not inhabit the rain forest, dry scrub or desert regions 
(National Research Council, 1991). Its distribution is determined basically by the availability 
of adequate or preferred grass species for food (National Research Council, 1991). 

The meat of the grasscutter is the most preferred among wild rodents (Asibey and Eyeson, 
1973; Clottey 1981) and exploited in most areas as a source of animal protein (Vos, 1978; 
Asibey, 1974; National Research Council, 1991). Being the most preferred (Martin, 1985) and 
most expensive meat in West Africa (Baptist and Mensah, 1986; Asibey and Addo, 2000), it 
contributes to both local and export earnings of most of these countries (Asibey, 1969; 
National Research Council 1991; Baptist and Mensah, 1986; GEPC 1995; Ntiamoa-Baidu, 
1998). For these reasons, the grasscutter is therefore hunted aggressively.  

Unfortunately, its collection from the wild results in the destruction of the environment 
through setting of bush fires by hunters (National Research Council, 1991; Yeboah and 
Adamu, 1995; Ntiamoa-Baidu, 1998).  

However, a great number of farmers in the sub-region have commenced the domestication 
of the grasscutter (National Research Council, 1991; Addo. 2002), thus making it more 
readily available. It is hoped that this venture will help the farmers to gain economic benefit 
and also reduce the environmental destruction that accompanies its collection from the wild.  

5. Important zoonotic diseases in the grasscutter  
Major diseases of economic and zoonotic importance in sub Sahara Africa are maintained by 
wildlife. The grasscutter serves as a reservoir host for several of these diseases, which 
includes human and animal trypanosomiasis, babesiosis, plasmodiasis, some zoonotic 
gastrointestinal helminths and protozoa (Opara and Fagbemi, 2008). Grasscutters harbor 
various types of parasites without showing obvious clinical manifestations, suggesting that 
they serve as reservoir hosts for parasitic agents that infect man and his animals. They are 
equally capable of transmitting some of the gastrointestinal parasites which are zoonotic in 
nature, especially if the meat is not properly cooked (Nwoke, 2001). For instance, some 
parasites responsible for zoonoses and communicable diseases to man and animals such as 
nematodes (Ascaris, Bunostomum, Oesophagostomum, Strongyloides, Trichostrongylus Toxocara); 
trematodes (Fasciola, Schistosoma); Cestodes (Taenia) and acanthocephalan (Moniliformis) 
occur in the grasscutter and their public health significance is worthy of note. 

6. Blood protozoan parasites  
There have been reports of few cases of naturally occurring blood parasites of the cane rats 
(Namso and Okaka, 1998), since they co-habit with other animal species. For example, 
Ntekim and Braide (1981) reported the occurrence of Trypanosoma lewisi in the blood of wild 
rats.  

Much is not yet known about the blood parasites of the grasscutters.  

Opara et al (2006) reported a natural infection of both the captive – reared and wild 
grasscutters with Trypanosoma species. The authors suggested that failure of establishment of 
clinical trypanosomiasis in these rodents could be attributed to the nature of food varieties 
the grasscutters consume. 
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They equally reported the occurrence of Plasmodium in the grasscutter. This is the causative 
organism of malaria in man and animals. It was commonly encountered in these rodents, 
suggesting that they serve as reservoirs of infection in the study areas. Malaria parasitaemia 
in humans is wide-spread in the study area and had been reported by Akpa and Iwuala, 
(1983) and Egwunyenga et al (1996). 

Trypanosoma sp. recorded the highest prevalence of 25.0%, by the blood protozoan parasites. 
The organism causes African trypanosomiasis in animals and sleeping sickness in humans 
(Soulsby, 1982). Rodents are natural hosts of Trypanosoma species and the parasites are 
transmitted by fleas to these animals (Soulsby 1982). It is therefore likely that grasscutters 
may serve as reservoirs of infections for humans and their livestock, given the close 
proximity of these animals to human habitations and livestock houses. Perhaps, these 
rodents were equally infected during the course of their roaming around homes. For 
example, amplification of some genomic DNA for trypanosomes in his study (Opara, 2011), 
suggested that some of the grasscutters were infected with Trypanosoma simiae, which causes 
fulminating disease of pigs, trypanosomiasis in sheep, goats, and monkeys (Seifert, 1996). 
Human population expansion and encroachment, deforestation and other habitat changes 
have often driven wildlife close to human habitation. 

Babesia sp. yielded a prevalence rate of 9.4%. This figure was close to that (5.4%) reported by 
Ajayi et al (2007) from rodents in Jos, Plateau State. Furthermore, Babesiosis caused by 
Babesia bigemina and Babesia bovis have been reported in Nigeria (Leeflang et al, 1976) and 
ticks have been incriminated in their transmission (Iwuala and Okpala, 1978, James-Rugu 
and Itse, 2001). Ticks were also observed on the bodies of the grasscutters examined. 

7. Gastrointestinal helminth parasites 
The examination of the GIT of wild grasscutters revealed endo-parasites comprising of 14 
species of nematodes, 5 trematodes, 4 cestodes and 1 acanthocephalan (Opara and Fagbemi, 
2008). The nematodes were identified as Ascaris sp., Bunostonum sp., Cooperia sp., Gaigaria sp., 
Gongylonema sp., Haemonchus sp., Heterakis sp., Mammomonogamus sp., Metastrongylus sp., 
Oesophagostomum sp., Strongyloides sp., Toxocara sp., Trichostrongylus sp. and Trichuris sp. The 
trematodes included Cotylophoron sp., Dicrocoelium sp., Gastrodiscus sp., Paramphistomum sp. 
and Schistosoma sp., while the cestodes were Avitellina sp., Moniezia sp., Taenia sp. and 
Thysaniezia sp. The acanthocephalan identified was Moniliformis sp. Other workers such as 
Mpoame (1995), Odumodu, (1999), Yeboah and Simpson (2001) and Ajayi et al (2007) had 
reported some of these parasites in Cameron, Anambra (Southeastern Nigeria), Ghana and Jos 
(North central Nigeria) respectively.  

Some of the helminths encountered in the rodents in this study are of public health 
importance, because they cause zoonotic infections in both man and his livestock. For 
example, the prevalence of Ascaris in the grasscutters is enough to cause public health 
concern because of the closeness of the rodents to human habitation. Human ascariasis due 
to Ascaris lumbricoides is very common in Nigeria, with prevalence rates reaching 85.5% in 
primary school pupils (Holland et al, 1989). Judging by the relative ease with which A. 
lumbricoides establishes itself experimentally in pigs, a monogastric animal like man, it is not 
impossible that Ascaris transmission may be on-going between rodents and man with his 
livestock in the study area. Bunostomum sp. (a canine hookworm) is notable for its 
involvement in cutaneous larva migrans in man. Equally, some species of Strongyloides have 
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Senegal to parts of the Cape Province in South Africa (Rosevear, 1969). The giant cane rat 
can also be found any where there is dense grass, especially reedy grass growing in damp or 
wet places (Asibey, 1984). They do not inhabit the rain forest, dry scrub or desert regions 
(National Research Council, 1991). Its distribution is determined basically by the availability 
of adequate or preferred grass species for food (National Research Council, 1991). 

The meat of the grasscutter is the most preferred among wild rodents (Asibey and Eyeson, 
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Asibey, 1974; National Research Council, 1991). Being the most preferred (Martin, 1985) and 
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National Research Council 1991; Baptist and Mensah, 1986; GEPC 1995; Ntiamoa-Baidu, 
1998). For these reasons, the grasscutter is therefore hunted aggressively.  

Unfortunately, its collection from the wild results in the destruction of the environment 
through setting of bush fires by hunters (National Research Council, 1991; Yeboah and 
Adamu, 1995; Ntiamoa-Baidu, 1998).  

However, a great number of farmers in the sub-region have commenced the domestication 
of the grasscutter (National Research Council, 1991; Addo. 2002), thus making it more 
readily available. It is hoped that this venture will help the farmers to gain economic benefit 
and also reduce the environmental destruction that accompanies its collection from the wild.  

5. Important zoonotic diseases in the grasscutter  
Major diseases of economic and zoonotic importance in sub Sahara Africa are maintained by 
wildlife. The grasscutter serves as a reservoir host for several of these diseases, which 
includes human and animal trypanosomiasis, babesiosis, plasmodiasis, some zoonotic 
gastrointestinal helminths and protozoa (Opara and Fagbemi, 2008). Grasscutters harbor 
various types of parasites without showing obvious clinical manifestations, suggesting that 
they serve as reservoir hosts for parasitic agents that infect man and his animals. They are 
equally capable of transmitting some of the gastrointestinal parasites which are zoonotic in 
nature, especially if the meat is not properly cooked (Nwoke, 2001). For instance, some 
parasites responsible for zoonoses and communicable diseases to man and animals such as 
nematodes (Ascaris, Bunostomum, Oesophagostomum, Strongyloides, Trichostrongylus Toxocara); 
trematodes (Fasciola, Schistosoma); Cestodes (Taenia) and acanthocephalan (Moniliformis) 
occur in the grasscutter and their public health significance is worthy of note. 

6. Blood protozoan parasites  
There have been reports of few cases of naturally occurring blood parasites of the cane rats 
(Namso and Okaka, 1998), since they co-habit with other animal species. For example, 
Ntekim and Braide (1981) reported the occurrence of Trypanosoma lewisi in the blood of wild 
rats.  

Much is not yet known about the blood parasites of the grasscutters.  

Opara et al (2006) reported a natural infection of both the captive – reared and wild 
grasscutters with Trypanosoma species. The authors suggested that failure of establishment of 
clinical trypanosomiasis in these rodents could be attributed to the nature of food varieties 
the grasscutters consume. 
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They equally reported the occurrence of Plasmodium in the grasscutter. This is the causative 
organism of malaria in man and animals. It was commonly encountered in these rodents, 
suggesting that they serve as reservoirs of infection in the study areas. Malaria parasitaemia 
in humans is wide-spread in the study area and had been reported by Akpa and Iwuala, 
(1983) and Egwunyenga et al (1996). 

Trypanosoma sp. recorded the highest prevalence of 25.0%, by the blood protozoan parasites. 
The organism causes African trypanosomiasis in animals and sleeping sickness in humans 
(Soulsby, 1982). Rodents are natural hosts of Trypanosoma species and the parasites are 
transmitted by fleas to these animals (Soulsby 1982). It is therefore likely that grasscutters 
may serve as reservoirs of infections for humans and their livestock, given the close 
proximity of these animals to human habitations and livestock houses. Perhaps, these 
rodents were equally infected during the course of their roaming around homes. For 
example, amplification of some genomic DNA for trypanosomes in his study (Opara, 2011), 
suggested that some of the grasscutters were infected with Trypanosoma simiae, which causes 
fulminating disease of pigs, trypanosomiasis in sheep, goats, and monkeys (Seifert, 1996). 
Human population expansion and encroachment, deforestation and other habitat changes 
have often driven wildlife close to human habitation. 

Babesia sp. yielded a prevalence rate of 9.4%. This figure was close to that (5.4%) reported by 
Ajayi et al (2007) from rodents in Jos, Plateau State. Furthermore, Babesiosis caused by 
Babesia bigemina and Babesia bovis have been reported in Nigeria (Leeflang et al, 1976) and 
ticks have been incriminated in their transmission (Iwuala and Okpala, 1978, James-Rugu 
and Itse, 2001). Ticks were also observed on the bodies of the grasscutters examined. 

7. Gastrointestinal helminth parasites 
The examination of the GIT of wild grasscutters revealed endo-parasites comprising of 14 
species of nematodes, 5 trematodes, 4 cestodes and 1 acanthocephalan (Opara and Fagbemi, 
2008). The nematodes were identified as Ascaris sp., Bunostonum sp., Cooperia sp., Gaigaria sp., 
Gongylonema sp., Haemonchus sp., Heterakis sp., Mammomonogamus sp., Metastrongylus sp., 
Oesophagostomum sp., Strongyloides sp., Toxocara sp., Trichostrongylus sp. and Trichuris sp. The 
trematodes included Cotylophoron sp., Dicrocoelium sp., Gastrodiscus sp., Paramphistomum sp. 
and Schistosoma sp., while the cestodes were Avitellina sp., Moniezia sp., Taenia sp. and 
Thysaniezia sp. The acanthocephalan identified was Moniliformis sp. Other workers such as 
Mpoame (1995), Odumodu, (1999), Yeboah and Simpson (2001) and Ajayi et al (2007) had 
reported some of these parasites in Cameron, Anambra (Southeastern Nigeria), Ghana and Jos 
(North central Nigeria) respectively.  

Some of the helminths encountered in the rodents in this study are of public health 
importance, because they cause zoonotic infections in both man and his livestock. For 
example, the prevalence of Ascaris in the grasscutters is enough to cause public health 
concern because of the closeness of the rodents to human habitation. Human ascariasis due 
to Ascaris lumbricoides is very common in Nigeria, with prevalence rates reaching 85.5% in 
primary school pupils (Holland et al, 1989). Judging by the relative ease with which A. 
lumbricoides establishes itself experimentally in pigs, a monogastric animal like man, it is not 
impossible that Ascaris transmission may be on-going between rodents and man with his 
livestock in the study area. Bunostomum sp. (a canine hookworm) is notable for its 
involvement in cutaneous larva migrans in man. Equally, some species of Strongyloides have 
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also been incriminated in this phenomenon (Soulsby, 1982). It was a surprise to observe the 
infection of the grasscutters by Mammomonogamus sp., which is basically a nematode of 
mammals in Asia and South America. Although M. loxodontus occurs in the trachea of the 
African elephants and M. nasicola has also been observed in the nasal cavities of ruminants 
in Cameroon (Soulsby 1982 and Cox, 1982). The occurrence of Oesophagostomum sp. in these 
rodents suggests danger to man and his livestock because of the closeness of the grasscutters 
to human dwellings. 

Furthermore, human oesophagostomiasis has been reported in Nigeria (Fabiyi, 2001). The 
prevalence of Toxocara sp. among grasscutters in this study shows that the rodents serve as 
reservoir hosts. The larvae of the helminth cause visceral larva migrans in children. 

Trichuris sp. prevalence in the grasscutters was moderately high. This result has further 
confirmed that rodents transmit zoonotic parasites to man and animals. Trichuriasis is 
widespread in Nigeria and has been reported by Okpala (1961) and Holland et al (1989). The 
parasite causes rectal prolapse, anaemia, finger clubbing and retarded growth in man (Jung 
and Beaver 1951; Bowie et al, 1978 and Gilman et al 1983). Weight loss and formation of 
nodules in the caecal wall which leads to diarrhea and anorexia in pigs.  

Trichostrongylosis is characterized by persistent diarrhea and wasting. In lambs and calves, 
heavy losses from lack of growth and death commonly occur.  

Gastrodiscus sp., a trematode reported in this study causes gastrodiscoidiasis and has been 
reported in the caecum of man elsewhere (LaPage, 1963, Soulsby, 1982). It is not unlikely 
that human infections may exist in Nigeria because of the close proximity of these rodents to 
man and his habitation. 

Dicrocoelium sp., although in a study carried out in our laboratory seemed to have lower 
prevalence rate (14.2%) than elsewhere (Manas et al, 1978) in cattle (34%), sheep (23%) and 
goats (45%), the rate is capable of infecting man and other livestock (Soulsby, 1982). Wild 
animals are commonly affected and serve as reservoir hosts for domestic stock, while rabbits 
maintain the infection for considerable periods (Soulsby, 1982).  

Outbreaks of Paramphistomiasis generally occur in the drier months, when the snail 
population becomes concentrated around areas of natural water and these areas in the dry 
months also have the most palatable grazing and thus, there is concentration of animals 
including snails and metacercariae over a small area resulting in heavy infections.  

Schistosomes of rodents and birds have often been proved to be the sources of human 
Schistosoma cercariae that cause “simmers Itch” when they penetrate human skin.  

Tapeworm infection such as those from Avitellina, Moniezia, Taenia and Thysaniezia species 
have little or no effect on the health of adult farm animals, but infection in the young 
animals may cause failure to thrive. Tapeworms, when they increase in length, may coil and 
block the intestinal tract (small intestine), the result is that food passage becomes impossible 
and the animal develops emesis. Tapeworms feed on digested nutrients in the small 
intestine and hence the animal loses weight. The cestodes encountered in this study are very 
common in the tropics and subtropics. Heavy infection by these parasites may cause 
abdominal symptoms such as anorexia, vomiting, diarrhea and pains. Prevalence of these 
cestodes has been documented in Nigeria (Enyenihi, 1980) and rodents have been 
implicated in their transmission to man (Akinboade et al, 1981; Yunusa et al, 1998).  
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The occurrence of Moniliformis sp. among the grasscutters is of public health significance, 
especially in rural areas of tropical rainforest of southeastern Nigeria. Moniliformis is a 
rodent parasite of cosmopolitan distribution. It has been reported in man in different parts 
of the world (Moayedi et al, 1971), including Nigeria (Ikeh et al, 1992, Anosike et al, 2000). 
Of worry is the involvement of rodents and their allies in emergence or re-emergence of 
human and animal diseases.  

8. Gastrointestinal protozoan parasites 
Gastrointestinal protozoan parasites were also encountered among the wild grasscutters. 
Those found were Eimeria, Entoamoeba and Gardia species. This finding suggests that the 
grasscutters might have ingested the mature infective oocysts along with pastures 
contaminated with human and animal faeces. Some of these grasscutters were caught near 
human habitations, where faeces are indiscriminately passed in the bush. Eimeria is a major 
coccidia of importance in domestic animals, causing blood stained diarrhea, emaciation and 
constipation during the final stage of development (Soulsby, 1982). It also affects rats, mouse 
and guinea pigs. 

Entoamoeba sp. causes dysentery in man and many species of monkey, dog, cat, rat and pig 
(Soulsby, 1982). The hosts acquire the infection orally with cysts or per rectum with the 
trophozoites leading to an acute amoebic dysentery.  

Gardia sp. is always found in the duodenum, other parts of the small intestine and 
occasionally in the colon of man (Soulsby, 1982), causing acute, sub acute to chronic diarrhea 
and duodenal irritation with an excess mucous production.  

9. Conclusion and recommendations  
In recent years, domestication of the grasscutters is becoming popular as an alternative 
source of bush meat and animal protein which are seriously needed by Nigerians. 

Grasscutters harbored various types of parasites without showing obvious clinical 
manifestations, suggesting that they may be serving as reservoir hosts for parasitic agents 
that infect man and his animals. They are equally capable of transmitting some of these 
parasites which are zoonotic in nature, if the grasscutter meat is improperly cooked. For 
instance, some parasites responsible for zoonoses and communicable diseases to man and 
animals such as nematodes (Ascaris, Bunostomum, Oesophagostomum, Strongyloides, 
Trichostrongylus Toxocara) ;trematodes (Fasciola Dicrocoelium, Gastrodiscus, Schistosoma); 
Cestodes (Taenia) and acanthocephalan (Moniliformis) and their public health significance 
especially in rural areas of tropical rainforest of southeastern Nigerian is worthy of note. 
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1. Introduction  
Q fever is a zoonosis caused by Coxiella burnetii, a small obligate intracellular Gram-negative 
pathogen worldwide spread, except New Zealand (Maurin & Raoult, 1999).  

Q fever has been described for the first time in 1935 as an outbreak of fever in workers of a 
slaughterhouse in Brisbane, Australia (Derrick, 1937). Derrick could not identify the 
aetiological agent therefore he defined the disease as “query fever”. Afterwards, in 1937, 
Burnet and Freeman (Burnet & Freeman, 1937) isolated a troublesome intracellular pathogen 
from mice inoculated with blood or feces from Derrick’s patients, and classified it as 
Rickettia burnetii. Only in 1948 Philip (Philip, 1948), according to cultural and biochemical 
characteristics, re-classified R. burnetii as a new genus, Coxiella, in honour of Herald R. Cox, 
who first isolated this microrganism in the USA. 

Ruminants and pets represent the most important reservoirs of the infection, and 
transmission to man mainly occurs through inhalation of contaminated aerosols. The 
disease is characterized by a wide clinical spectrum, varying from asymptomatic 
seroconversion, self-limiting febrile episodes to hepatitis and pneumonia. The illness can 
also occur in a chronic form, mainly characterized by endocarditis, and sometimes can have 
a lethal outcome. In contrast in animals C. burnetii infection is generally asymptomatic, even 
if infected animals can shed intermittently this pathogen in feces, urine, milk and birth 
products. Clinical symptoms eventually occurring in ruminant herds are mainly represented 
by reproductive disorders, such as premature birth, dead or weak offspring and infertility.  

2. Etiology 
Philogenetic and molecular studies based on the 16S rRNA sequences locate C. burnetii in 
the order of Legionellales, in the gamma group of Proteobacteria, next to bacteria such as 
Legionella spp., Francisella tularensis and Rickettsiella spp. (Raoult et al., 2005). In eukaryotic 
cells Coxiella replicates inside vacuoles, in mammals prefers monocytes and macrophages. 
This pathogen exhibits a complex intracellular cycle, characterized by the formation of 
spore-like forms. In infected cells it can be found in two different forms, one metabolically 
inactive, denominated SCV (“Small-Cell Variant”) and the other one metabolically active, 
LCV (“Large-Cell Variant”). The SCV form appears as a small and compact rod, and is 
highly resistant to physicochemical agents, such as desiccation and common disinfectants, 
therefore exhibiting high persistence in the environment. The LCV form is instead bigger 
and less dense if observed at the electronic microscope; it is metabolically active and can 
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by reproductive disorders, such as premature birth, dead or weak offspring and infertility.  
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cells Coxiella replicates inside vacuoles, in mammals prefers monocytes and macrophages. 
This pathogen exhibits a complex intracellular cycle, characterized by the formation of 
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differentiate in the SCV form through a sporogenic differentiation. Following cell rupture, 
the spore-like forms are released in the external environment where they can survive for 
long periods. 

When cultured on embrionated eggs or cell cultures, C. burnetii exhibits an antigenic 
variation associated with loss of virulence. Indeed this microrganism shows a pathogenic 
form denominated phase I, isolated from animal or human infected cells, and an avirulent 
form, denominated phase II, isolated after serial passages on embrionated eggs or cell 
cultures. The attenuated phase II is characterized by a deletion in the chromosome which 
causes the loss of some cell surface determinants (Maurin & Raoult, 1999).  

The association between specific characteristics of C. burnetii and the virulence of the strain 
is still an open controversial question, and several theories have been proposed to address 
the ability of different isolates to induce the acute or the chronic form of the disease. Several 
researchers tried to correlate the virulence to specific phenotypic and genetic profiles of the 
microorganism. In particular, SDS-PAGE analysis of the LPS isolated from the phase I 
allowed to identify three phenotypic groups antigenically distinct, associated, the first one, 
with acute episodes of the infection in different sources (ticks, bovine milk and man), the 
second and the third one with chronic episodes in man (Hackstadt, 1986). Studies in 
literature show that Coxiella possesses four different plasmids, QpH1, QpRS, QpDV and 
QpDG7 (Valková & Kazár, 1995). According to the harboured plasmid and also to DNA 
restriction profiles, C. burnetii can be divided in six genetic groups, variably correlated to 
specific pathotypes (Hendrix et al., 1991). In particular, the groups from I to III, carrying the 
plasmid QpH1, have been isolated from ticks, human cases of acute Q fever, bovine milk 
and birth products of domestic ruminants; the groups IV and V, that respectively possess 
the plasmid QpRS or any plasmid (but, in the latter case, they possess plasmidic sequences 
integrated in the chromosomal DNA), have been associated with abortions of domestic 
ruminants and chronic human cases of endocarditis or hepatitis; the group VI, carrying the 
plasmid QpDG, isolated from rodents, results avirulent in experimental mouse models of 
the infection (Stoenner et al., 1959; Stoenner & Lackman, 1960). Subsequent studies classified 
80 C. burnetii isolates in 20 different genetic profiles by RFLP analysis (analysis of the 
Restriction Fragments Length Polymorphisms). According to this characterization, four 
profiles correspond to the former genetic groups I, IV, V and VI, respectively. In general, the 
RFLPs profiles seem to be associated with the geographical origin of the analysed isolates 
(Jäger et al., 1998). More recent studies based on MST (Multispacer Sequence Typing) 
analysis have variedly confirmed the existence of the aforesaid genetic groups, and 
identified three great monophyletic groups, containing the groups I, II and III, the group IV 
and the group V, respectively. Moreover, these studies seem to confirm the association 
between the plasmid QpDV and acute infections, and between the plasmid QpRS and 
chronic infections, and between specific genotypes and specific courses of the disease 
(Glazunova et al., 2005). Subsequent studies (Beare et al., 2006) performed by microarray 
analysis, further confirm the RFLP genetic groups, and add to the previous groups from I to 
VI, other two big groups (VII and VIII). These studies, underline the importance of the 
polymorphisms of the genes involved in LPS biosynthesis for the virulence of C. burnetii. An 
opposite school of thought instead, considers the characteristics of the host as the main 
cause of the course of the infection in relation to the development of acute or chronic 
diseases. These theories follow on the fact that isolates carrying the plasmid QpH1 have 
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been isolated in France from both acute and chronic human Q fever episodes, while isolates 
deprived of the plasmid QpH1 have been shown to be able to induce an acute syndrome as 
well (Stein & Raoult, 1993). Models of the disease have therefore been proposed in which the 
same isolate is able to cause either the chronic or the acute form of Q fever, exclusively 
according to the host immune response. Particularly, the establishment of the chronic 
syndrome has been associated with a compromised immune state of the host, as for instance 
in case of HIV infection, as well as with an increased production of IL-10, responsible of a 
diminution of the ability of the macrophages to eliminate C. burnetii due to an inhibitory 
effect on the phagosome maturation process (Raoult et al., 2005). Recent data (Russell-
Lodrigue et al., 2009) on the behaviour of C. burnetii isolates belonging to the genetic groups 
I, IV, V and VI in mouse models of Q fever seem however to confirm the theory of the 
association genotype-pathotype. In this study, in fact, strains associated with mice acute 
episodes (group I) have been shown to cause a faster progression of the disease, to induce 
greater pathological changes and to exhibit a higher speed of proliferation in vivo if 
compared to isolates collected from chronic episodes (groups IV and V). Moreover, the 
isolates of the group I, if compared to the others, induce in mouse a stronger immune 
response, characterized by a greater production of inflammatory cytokines for a longer 
period of time. 

3. Sources of infection and routes of transmission 
Sources of infection of Q fever are diverse, and the principal for man is represented by the 
inhalation of infected particles (Fig. 1). Transmission of the bacterium through contaminated 
aerosol can occur following direct contact with infected animals, mostly, with birth products, 
such as amniotic fluid and placenta, which can in turn contaminate the new born or the skin of 
other animals. The extreme resistance of this pathogen to external agents makes it persistent in 
the environment, especially in areas where domestic ruminant farms are present. In fact C. 
burnetii can be easily transmissible through contaminated hay or contaminated dust, and 
spread in the surrounding environment by the wind. For this reason cases of Q fever can also 
be recovered in patients that have not had evident contacts with animals. Human-to-human 
transmission results extremely rare, although cases of transmission of Q fever occurred 
through contact with parturient, through the transplacental way (congenital infection), 
through sexual relations (shown in mouse models of the infection) (Kruszewska & Tylewska-
Wierzbanowska, 1997), blood transfusions (van der Hoek et al., 2010) and intradermic 
inoculation. Ticks are considered as natural reservoirs of C. burnetii. They contribute to the 
maintenance of the infectious agent in the environment by transmitting the disease to animals 
(livestock, pets and wildlife) by bite or by expelling heavy loads of C. burnetii with their feces 
which can contaminate the skin of animals or be inhaled (Kazar, 1996). Cats, dogs, rabbits, 
foxes and rodents are thought to constitute a reservoir for maintenance of infection in the 
domestic cycle of Q fever (Aitken, 1989). The role of rats has not yet been clearly described, 
even if recent data suggest that they might be true reservoirs of the infection, capable of 
independent maintenance of C. burnetii infection cycles thereby contributing to spread and 
transmission of the pathogen (Reusken et al., 2011).  

C. burnetii is secreted in the milk, therefore the ingestion of contaminated food such as raw 
milk and dairy products, represent a possible source of infection for humans (Maurin & 
Raoult, 1999). Hirai and colleagues analysed 147 cheese samples by PCR analysis and found 
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19% of positive results (Hirai et al., 2011). However, when inoculated in mice, none of the 
positive samples allowed the recover of viable C. burnetii. Also, the administration of 
contaminated milk to voluntaries provided contradictory results (Angelakis & Raoult, 2010). 
The notable transmissibility of C. burnetii makes this microorganism extremely dangerous, 
particularly for occupationally exposed workers (veterinarians, slaughterhouse workers and 
farmers) and for laboratory technicians in contact with potentially contaminated specimens 
which therefore require manipulation by experienced personnel in BL3 facilities (Angelakis 
& Raoult, 2010). 

 

Fig. 1. Routes of transmission and pathophysiology of Q fever 

C. burnetii is considered as a potential bioweapon, and is classified as class B agent 
(Madariaga et al., 2003). The high transmissibility of this pathogen, its extreme ability to 
persist in the environment and the aerial route of transmission make it a suitable bacterial 
agent for bioterrorism actions. In fact it has been evaluated that the inhalation of only one 
bacterial cell would be enough to induce the disease in man; moreover, the World Health 
Organization has esteemed that if 50 kg of C. burnetii were spread as an aerosol in an urban 
area of 500.000 inhabitants, 125.000 cases of acute illness, 9.000 cases of chronic Q fever and 
150 dead people would be recorded (World Health Organization, 2004). 

The aerial route of transmission of Q fever also represents the principal mode of infection 
for animals, for which however, unlike humans, an important role in the spread of the 
disease is also played by ticks. Other important ways of infection for animals are 
represented by direct contact with infected animals in the herd, by ingestion of 
contaminated placentas or milk, as well as possible ingestion of infected wild rodents 
(Angelakis & Raoult, 2010). 

4. Pathogenesis 
C. burnetii is a strictly intracellular bacterium capable of infecting different cellular types, 
mainly monocytes and macrophages. Its entry in the host cell is allowed by a mechanism of 
phagocytosis, much more efficient towards the phase II, avirulent, than to the phase I, 
virulent. This difference is due to the fact that the attachment to phase I bacteria is 
exclusively mediated by the integrin 3, while attachment to phase II bacteria is mediated 
both by the integrin 3 and by the complement receptor CR3. The most efficient 
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internalization process determines a best intracellular replication and explains why bacteria 
in phase II grow faster than those in phase I, therefore justifying the conversion of the phase 
I to the phase II following growth in cell cultures. Both types can be recovered in the 
phagosomes, but only the phase I can survive in macrophages, while the phase II is quickly 
eliminated. The ability of C. burnetii to grow inside eukaryotic cells is due to the adaptation 
to the intracellular acidic pH. A pH value of 4.5, indeed, allows the entry of nutrients 
necessary for the metabolic functions of the bacterium, and, at the same time, confers 
protection from the action of numerous antibiotics, by altering their bactericidal activity. In 
macrophages this microorganism locates in vacuoles where its survival and proliferation are 
achieved by the control of phagocytosis and the prevention of phagosome lysosome fusion 
(Angelakis & Raoult, 2010; Raoult et al., 2005). The incomplete maturation of the phagosome 
is due both to the loss of the expression of the cellular marker cathepsin D, and to the 
exogenous production of IL-10, that also interferes with the microbicide activity of the 
macrophages. Interferon- restores the fusion between the phagosome and the lysosome, 
therefore allowing the elimination of C. burnetii. Moreover, it induces the alkalization of the 
vacuoles and controls the metabolism of the ions in the macrophages, inhibiting therefore 
the intracellular bacterial replication. Interferon-, finally contributes to the elimination of 
the infected macrophages through apoptosis, by inducing the expression of TNF on the 
cellular membrane. Following infection, the production of specific immunoglobulins is 
observed; in particular, while the phase I only stimulates the production of IgM, the phase II 
stimulates the production of both IgM and IgG1. The acute syndrome of Q fever determines 
a cell-mediated immune response and the formation of characteristic granulomatous lesions 
with a classical open space in the middle and a fibrin ring ("doughnut" granulomas). The 
control of the acute form includes the action of T cells, that however generally results 
insufficient for the complete elimination of the bacterium (Honstettre et al., 2004). When the 
infection assumes a chronic form, the level of inflammation becomes elevated, while cell-
mediated immunity becomes defective. In fact, it has been observed that in patients affected 
by chronic endocarditis, the production of the inflammatory cytokines TNF and IL-6 is 
increased, while the ability of the lymphocytes to proliferate in response to the stimulation 
with C. burnetii antigen is decreased (Koster et al., 1985). 

5. Epidemiology 
Q fever is a worldwide zoonosis, prevalent in most countries in the world, with the 
exception of New Zealand. The reservoirs are large but partially known, and include many 
domestic and wild mammals, birds and arthropods like ticks (Fig. 2). The main sources of 
infection for man are domestic ruminants, mainly cattle, sheep and goats. Animals are often 
chronically infected, but mostly asymptomatic. In females Coxiella locates in the uterus and 
in the mammary glands and is shed in the environment through birth products, feces, urine 
and milk (Babudieri, 1959; Marrie & Raoult, 2002). Also pets, included dogs, cats and 
rabbits, can transmit the infection to man (Marrie & Raoult, 2002; Stein & Raoult, 1999). 
Animals can be infected by tick bites, ingestion of infected placentas or milk, and through 
the inhalation of contaminated particles. In ticks, as in mammals, C. burnetii is in phase I, 
and therefore highly contagious. Ticks, however, are not considered essential in the 
diffusion of the pathogen to domestic ruminants, but they play an important role in the 
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transmission of Coxiella to the wild fauna, included vertebrates, lagomorphs and birds. 
Moreover they can spread high quantities of the microorganism through their feces, which 
in turn can be inhaled both by man and animals. Age and gender seem to have a role in the 
pathogenesis of Q fever; in particular, studies in man show that subjects less than 15 years 
old are less sensitive than older subjects (Angelakis & Raoult, 2010). Moreover, the number 
of cases in men is 2.5 times greater in comparison to that recorded in women (Gikas et al., 
2010). During pregnancy, in animals, Q fever becomes chronic and C. burnetii remains in the 
uterus and in the mammary glands with the possibility to be reactivated by following 
pregnancies (Marrie et al., 1996). 
 

 
(a) Epidemiology of Q fever in humans (b) Epidemiology of Q fever in animals 

Fig. 2. Epidemiology of Q fever 

5.1 Occurrence of Q fever in man 

Q fever can appear in the form of sporadic cases or outbreaks. It is a notifiable disease, but, 
as the infection is often asymptomatic, and its mild forms can be mistaken for other febrile 
episodes, sporadic forms of the disease are often undiagnosed and the true incidence of Q 
fever is still unknown. Moreover, the indiscriminate use of antibiotics in febrile patients 
hampers the clinical identification of Q fever as well as other rickettsioses and bacterioses. 
To the moment in the European states it is not clear yet the exact entity of Q fever in man, 
and in domestic ruminants. In Europe, preliminary data point out that during 2007, 585 
human cases have been notified, while in 2008 they increased to 1594, with an increase of 
172%. High risk groups include people working with possible infected material 
(slaughterhouse workers, veterinarians, meat-processing workers), persons living in or next 
to farms, and laboratory personnel processing eventually infected organs and tissues 
(Borriello et al., 2010; EFSA Panel on Animal Health and Welfare, 2010). 

In abattoirs and wool-processing plants several epidemic outbreaks have occurred 
worldwide. Australia is considered an endemic area, with an outbreak characterized by 2000 
cases in 1979-1980 (Hunt et al., 1983), while in Uruguay, in 1976, 310 of 360 workers and 
veterinary inspection personnel in a meat-packing plant contracted the disease in a month. 
The outbreak was attributed to the inhalation of contaminated aerosols, probably generated 
by the handling of infected material, as most cases were recorded among workers involved 
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in bone-milling or collection of animal wastes. Three more outbreaks occurred in the same 
meat-packing plant in 1981 and 1984, mainly involving personnel working with 
slaughtering and animal wastes treatment (Somma-Moreira et al., 1987). Epidemics still 
occur in other slaughterhouse workers as well. Recent cases have been reported in New 
South Wales and in Scotland (Gilroy et al., 2001; Wilson et al., 2010). 

Several Q fever epidemics have also been reported in farms and in geographic areas close to 
domestic ruminant herds (cattle, sheep and goats). Q fever cases have also been recorded in 
scientific institutes working with sheep as study models in different countries (Hall et al., 
1982; Meiklejohn et al., 1981), or in human pathology institutes, as reported by Gerth and 
colleagues (1982) in Germany. Major outbreaks also occurred in the years following the 
World War II with estimated 20,000 cases in a two years period (Babudieri, 1959). In an 
urban school in central Israel a large Q fever outbreak has been reported in 2005, possibly 
transmitted by the air conditioning system (Amitai et al., 2005). This report highlights the 
importance to investigate the seroprevalence of Q fever in influenza-like outbreaks 
occurring outside the influenza season. 

In addition to cattle, sheep and goats, parturient cats and newborn kittens can also represent 
a source of infection for man (Marrie et al, 1989). The role of cats in human Q fever 
epidemiology should not be underevaluated as it is the result of a combination of high 
prevalence of C. burnetii in rats and cats’ predatory behavior towards these natural 
reservoirs (Reusken et al., 2011). 

In the USA, 132 cases of Q fever with onset in 2008 have been reported; of these, 117 were 
acute Q fever and 15 were chronic Q fever (NASPHV & CDC, 2011). A serological survey in 
Japan reported prevalence values in healthy humans of 22.2% (Htwe et al., 1992). Moreover 
it has been observed that in Japanese children Q fever is often characterized by a clinical 
expression, mostly represented by atypical pneumonia (Hirai & To, 1998). A recent outbreak 
in the Netherlands started in 2007 and made the European Commission concerned about 
this zoonosis. The Dutch epidemic counted more than 2,200 confirmed human cases of the 
disease and more than 20 people died. In an effort to prevent the disease from spreading 
further, over 50,000 dairy goats were slaughtered and the government launched a 
mandatory animal vaccination campaign at the start of 2009. The main cause of infection has 
been attributed to infected goat and sheep farms located in the southern Brabant province 
(EFSA Panel on Animal Health and Welfare, 2010). 

All the observed epidemics have common risk factors. Particularly, the greatest part of cases 
appear associated with a strict contact with domestic ruminant herds/flocks, mainly sheep 
and goats, both in relationship to the location and to the routes followed by the flocks. A 
great number of cases has often been recorded during or immediately after the period of the 
parturitions. Weather conditions characterized by dry and windy climate seem to play an 
important role in the transmission of the disease. Moreover, another risk factor is 
represented by living and/or working, sporting or performing social activities near 
agricultural zones covered with manure. Finally, also the presence of additional natural 
reservoir of infection (such as wild animals or ticks) near inhabited zones or herds further 
contributes to the maintenance of the pathogen in the environment (Borriello et al., 2010). 
The extreme persistence of C. burnetii in the environment and its diffusion in domestic 
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transmission of Coxiella to the wild fauna, included vertebrates, lagomorphs and birds. 
Moreover they can spread high quantities of the microorganism through their feces, which 
in turn can be inhaled both by man and animals. Age and gender seem to have a role in the 
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old are less sensitive than older subjects (Angelakis & Raoult, 2010). Moreover, the number 
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uterus and in the mammary glands with the possibility to be reactivated by following 
pregnancies (Marrie et al., 1996). 
 

 
(a) Epidemiology of Q fever in humans (b) Epidemiology of Q fever in animals 

Fig. 2. Epidemiology of Q fever 
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ruminants and wild animals indicate therefore that good management practices play a 
critical role for the control of Q fever, not only in animals, but also in man (EFSA Panel on 
Animal Health and Welfare, 2010). 

5.2 Occurrence of Q fever in animals 

Q fever has been found in almost all species of domestic animals and many wild species. In 
India, the agent was isolated from amphibians (NASPHV & CDC, 2011) and a python. Q 
fever is endemic in domestic ruminants in the greatest part of the world. Serological surveys 
conducted in endemic areas have revealed a sizable proportion of reactors in the bovine, 
ovine and caprine populations. Although the infection is common, the disease is rare, and it 
has a limited impact on animal health.  

Studies on the seroprevalence of the infection in cattle reported values of 67% in Ontario 
(Lang, 1989) and 40.4% in Sudan (Reinthaler et al., 1988). Similar prevalence values have 
also been reported in sheep and goats flocks in California (Ruppanner et al., 1982) and in 
Sudan (Reinthaler et al., 1988). In Japan, a survey on the presence of Q fever in domestic 
ruminants reported values of 25.4% in healthy cattle, 28.1% in sheep and 23.5% in goat. In 
Japanese bovine herds with reproductive disorders the seroprevalence of Q fever reached 
values of 84.3% (Htwe et al., 1992). In the European states to the moment it is not clear yet 
the exact entity of Q fever in domestic ruminants, since rules or recommendations are not 
harmonized for monitoring and report of the disease (EFSA Panel on Animal Health and 
Welfare, 2010). Epidemiological data on Q fever in animals point out that the general 
prevalence of the disease in domestic ruminants is increased from the 7.4% to the 10.0% 
within the period 2007 -2008. Particularly, the greatest increase has been recorded for goats, 
with values of 9.7% and 15.7% in 2007 and in 2008, respectively. Member States mostly 
affected are Bulgaria, France, Germany and, in particular way, the Netherlands (EFSA Panel 
on Animal Health and Welfare, 2010). In Italy C. burnetii is widely spread in domestic 
ruminants. Molecular analysis of milk in bovine farms has shown a prevalence of the 
infection of 40% (Magnino et al., 2009), and a significant association has been found between 
seropositive animals and abortion (Cabassi et al., 2006).  

Reservoir species of C. burnetii can also be found among wildlife species and arthropods like 
ticks. A serological and molecular study in the Netherlands carried out on brown and black 
rats collected from both livestock farms and urban areas found the 15.8% of the brown rats 
seropositive, and detected C. burnetii DNA in the spleen of 4.9% of the brown rats and 3.0% 
of the black rats by PCR analysis (Reusken et al., 2011). A recent study in Northern Spain 
(Astobiza et al., 2011) identified as potential sources of the disease several wild species, such 
as roe deer, wild boar, European hares and birds, by PCR detection of C. burnetii DNA in 
spleen and liver (5.1%, 4.3%, 9.1% and 1.2%, respectively). Another study also carried out in 
Spain reported higher prevalence values in farmed red deer than in wild red deer (40% vs. 
5.6%), probably indicating that in farmed animals direct contact may increase the risk of C. 
burnetii transmission (Ruiz-Fons et al., 2008). Moreover, several findings from different 
authors show an active role of ticks in maintaining C. burnetii in both wild and peridomestic 
cycles, therefore indirectly representing a risk factor for transmission of Q fever to humans 
(Mediannikov et al., 2010; Parola & Raoult, 2001; Toledo et al., 2009). 
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5.3 Occurrence of Q fever in domestic ruminants in Southern Italy 

In Southern Italy the presence of C. burnetii in bovine and water buffalo herds, and in ovi-
caprine flocks has been reported (Galiero et al., 1996; Parisi et al., 2006; Perugini et al., 2009), 
even if the exact prevalence of this pathogen is still largely unknown. The presence of C. 
burnetii in bovine and water buffalo herds of the Campania region was therefore 
investigated by molecular analysis carried out on aborted foetuses collected during the 
period 2009-2011. 

For this purpose a total of 69 foetuses was analysed. The DNA from several organs (liver, 
lung, abomasum and placenta) was extracted by the DNA mini kit (QIAGEN) and was 
subsequently amplified by a single-tube nested PCR for the detection of C. burnetii (Parisi et 
al., 2006). The foetuses were considered positive when at least one of the sampled organs 
resulted positive. 

The obtained results have shown that the 47% (8/17) of the analyzed bovine foetuses and 
the 29% (15/52) of the analyzed water buffalo foetuses resulted positive to C. burnetii PCR 
detection (Tab. 1). 
 

Species Examined 
Foetuses 

Positive 
Foetuses 

Bovine 17 8 
Water buffalo 52 15 
Total 69 23 

Table 1. PCR detection of C. burnetii in bovine and water buffalo foetuses 

Among the 8 positive bovine foetuses, 4 (50%) exhibited the presence of C. burnetii in the 
lungs, 1 (12%) in the liver and 5 (62%) in the abomasum. One foetus exhibited the presence 
of the pathogen both in lungs and liver. 

Among the 15 positive water buffalo foetuses, 8 (53%) exhibited the presence of C. burnetii in 
the liver, 7 (47%) in the lungs, 3 (20%) in the abomasum and 4 (27%) in the placenta. Four 
foetuses exhibited the presence of Coxiella both in liver and lungs, one foetus in liver, lungs 
and placenta, and another foetus in liver, lungs and abomasum (Tab.2). 
 

 
  Number of positive samples 

Species Analysed 
foetuses Lungs Liver Abomasum Placenta 

Bovine 8 4 1 5 0 
Water buffalo 15 7 8 3 4 

Total 23 11 9 8 4 

Table 2. Detection of C. burnetii in organs 

Abortions in bovine and water buffalo herds determine serious economic losses. In Southern 
Italy the incidence of abortions caused by infectious diseases is elevated and clear 
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Sudan (Reinthaler et al., 1988). In Japan, a survey on the presence of Q fever in domestic 
ruminants reported values of 25.4% in healthy cattle, 28.1% in sheep and 23.5% in goat. In 
Japanese bovine herds with reproductive disorders the seroprevalence of Q fever reached 
values of 84.3% (Htwe et al., 1992). In the European states to the moment it is not clear yet 
the exact entity of Q fever in domestic ruminants, since rules or recommendations are not 
harmonized for monitoring and report of the disease (EFSA Panel on Animal Health and 
Welfare, 2010). Epidemiological data on Q fever in animals point out that the general 
prevalence of the disease in domestic ruminants is increased from the 7.4% to the 10.0% 
within the period 2007 -2008. Particularly, the greatest increase has been recorded for goats, 
with values of 9.7% and 15.7% in 2007 and in 2008, respectively. Member States mostly 
affected are Bulgaria, France, Germany and, in particular way, the Netherlands (EFSA Panel 
on Animal Health and Welfare, 2010). In Italy C. burnetii is widely spread in domestic 
ruminants. Molecular analysis of milk in bovine farms has shown a prevalence of the 
infection of 40% (Magnino et al., 2009), and a significant association has been found between 
seropositive animals and abortion (Cabassi et al., 2006).  

Reservoir species of C. burnetii can also be found among wildlife species and arthropods like 
ticks. A serological and molecular study in the Netherlands carried out on brown and black 
rats collected from both livestock farms and urban areas found the 15.8% of the brown rats 
seropositive, and detected C. burnetii DNA in the spleen of 4.9% of the brown rats and 3.0% 
of the black rats by PCR analysis (Reusken et al., 2011). A recent study in Northern Spain 
(Astobiza et al., 2011) identified as potential sources of the disease several wild species, such 
as roe deer, wild boar, European hares and birds, by PCR detection of C. burnetii DNA in 
spleen and liver (5.1%, 4.3%, 9.1% and 1.2%, respectively). Another study also carried out in 
Spain reported higher prevalence values in farmed red deer than in wild red deer (40% vs. 
5.6%), probably indicating that in farmed animals direct contact may increase the risk of C. 
burnetii transmission (Ruiz-Fons et al., 2008). Moreover, several findings from different 
authors show an active role of ticks in maintaining C. burnetii in both wild and peridomestic 
cycles, therefore indirectly representing a risk factor for transmission of Q fever to humans 
(Mediannikov et al., 2010; Parola & Raoult, 2001; Toledo et al., 2009). 
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Abortions in bovine and water buffalo herds determine serious economic losses. In Southern 
Italy the incidence of abortions caused by infectious diseases is elevated and clear 
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epidemiological data able to explain the possible causes of this phenomenon are still lacking 
(Capuano et al., 2004). Particularly, among the aetiological agents responsible of abortion, 
preliminary reports indicate that the presence of this pathogen is significant in Southern 
Italy. Indeed, Parisi and colleagues (2006) reported an incidence of C. burnetii in bovine 
herds and ovi-caprine flocks of 6% and 21.5%, respectively, while, in water buffalo herds, 
variable inter-herd prevalence values have been found, ranging from 17 to 23% (Galiero et 
al., 1996; Perugini et al., 2009). 

The data reported in this study confirm the presence of C. burnetii both in bovine and water 
buffalo herds, and point out that this pathogen plays an important role as abortive agent for 
these animal species. Moreover, water buffalo seems to be more susceptible to this pathogen 
rather than cattle. Other studies will be therefore necessary to clarify the epidemiology and 
the pathogenesis of C. burnetii infection both in cattle and water buffalo. Particularly water 
buffalo needs careful investigation as the milk from this species can be used also crude for 
the production of the world famous “mozzarella di bufala” cheese. 

The single-tube nested PCR proved to be an efficient diagnostic method to determine the 
presence of C. burnetii in organs from bovine and water buffalo foetuses. This technique, 
indeed, exhibited enhanced sensitivity, as it is based on the amplification of a secondary 
target sequence within the first run product. The use of a nested PCR therefore might 
increase the possibility to detect C. burnetii DNA in animal tissues, where DNA can easily be 
degraded due to autolysis phenomena, as it often happens in animal foetuses. 

Moreover, these data underline the need of specific diagnostic methods to be carried out 
within proper monitoring plans aiming to provide a careful estimate of C. burnetii 
prevalence and its routes of transmission. 

6. Description of the disease 
Q fever is characterized by a polymorphic clinical spectrum, therefore the diagnosis of the 
disease can only be made if systematic laboratory tests are performed. Several factors are 
likely to influence the course of the infection by C. burnetii. Among these the route of 
infection, the infectious dose, age and gender play a major role (Angelakis & Raoult, 
2010). 

6.1 Q fever in man 

In man the clinical demonstration of the disease can consist in an asymptomatic 
seroconversion, an acute form of the illness, varying from self-limiting fever episodes up to 
granulomatous hepatitis or severe pneumonia, or a chronic form, characterized by 
endocarditis. In the acute forms the incubation period has an average duration of 20 days, 
and the greatest part of cases presents no or mild symptoms. The combination of symptoms 
varies greatly from person to person, and it can include high fevers (up to 39-40°C), severe 
headache, general malaise, myalgia, chills and/or sweats, non-productive cough, nausea, 
vomiting, diarrhoea, abdominal pain and chest pain. Atypical pneumonia is among the most 
common acute manifestations of C. burnetii infection. In some patients serious respiratory 
stresses and diffusion of the bacterium in the pleura can occur. The duration of symptoms 
varies from 10 to 90 days, with a mortality of about 0.5-1.5%. Hepatitis is the most common 
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clinical manifestation of Q fever, and it can be either asymptomatic, or associated with 
hepatomegaly or with characteristic granulomas and prolonged fever (Angelakis & Raoult, 
2010). Rarely (2% of the cases) other symptoms can occur, such as perycarditis, myocarditis, 
neurological symptoms (varying from the most common headaches to meningitis, 
meningoencephalitis or peripheral neuropathies). Dermatological lesions are more common 
than generally thought and they include transient punctiform rashes, maculopapular 
eruptions and, more rarely, erythema nodosum (Raoult et al., 2005). Post-Q fever fatigue 
syndrome can be observed in some (10-25%) acute patients, characterized by constant or 
recurring fatigue, night sweats, severe headaches, photophobia, pain in muscles and joints, 
mood changes and difficulty sleeping. In pregnant women Coxiella settles in the uterus and 
mammary glands, often resulting in pre-term delivery or miscarriage. 

Chronic Q fever is a severe disease occurring in <5% of acutely infected patients. It may 
present soon (within 6 weeks) after an acute infection, or may manifest years later. The 
chronic forms are mostly characterized by endocarditis and vascular infections, less 
frequently by aortic aneurysms and infections of the bone, liver or reproductive organs, 
such as the testes in males. They almost exclusively affect individuals with predisposing 
conditions, such as lesions of cardiac valves, vascular problems or immunodeficiency, and 
symptoms can also occur months or years after the infection. The endocarditis and the 
vascular infections from chronic Q fever generally have a lethal outcome if they are not 
treated with an appropriate antibiotic for a period of at least 18 months up to a life treatment 
(Maurin & Raoult, 1999).  

6.2 Q fever in animals 

In domestic ruminants C. burnetii infection is mostly asymptomatic. During the acute phase 
C. burnetii can be found in blood, lungs, spleen and liver, whereas during chronic Q fever it 
is persistently shed in urine and feces. 

In cattle the main pathological demonstrations of Q fever associated with chronic infections 
are represented by ipofertility, metritis and low birth weight calves, more rarely by 
abortions and stillbirths. In asymptomatic but seropositive herds, Coxiella is almost 
exclusively shed in milk. The excretion can last several months (up to 32) and can be 
continuous or intermittent, and, in some cases, can be associated with chronic subclinical 
mastitis (Rodolakis et al., 2007). In bovine herds with reproductive disorders, infected 
females primarily shed Coxiella through birth products, but also through feces, urine and 
milk (Arricau Bouvery et al., 2003). Elimination of the microorganism through these ways 
can persist for several months, also for subjects that have not exhibited problems during the 
parturition (Berri et al., 2005b). None of these shedding patterns however appears to have a 
predominant role in the eliminatory subjects, often exhibiting one excretion route only. 

Sheep and goats, like cattle, are considered as the main reservoirs of infection for man. They 
almost always result asymptomatic and the most common pathological manifestations of 
chronic Q fever are abortions and stillbirths. In sheep and goats flocks with reproductive 
disorders, animals contemporarily shed the bacterium through vaginal mucus, feces and 
milk. Particularly, in a recent work, goats have been shown to eliminate C. burnetii mostly 
through milk, sheep mainly through vaginal mucus or feces (Rodolakis, 2009). 
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Asymptomatic but seropositive ovine flocks, instead, always resulted negative to C. burnetii 
detection by PCR analysis in bulk tank milk. 

Differences in shedding patterns can explain why sheep and goats are identified more 
frequently than cattle as the main source of infection for man (Rodolakis, 2009). 

7. Diagnostic techniques 
The extreme virulence of C. burnetii requires the use of bio-containment level 3 facilities for 
contaminated specimens processing, and isolation and cultivation of the pathogen should be 
performed by experienced laboratory personnel only (OIE, 2010). Coxiella burnetii can be 
demonstrated in various ways, depending on the type of sample and the purpose of 
investigations (Samuel & Hendrix, 2009; Sidi-Boumedine et al., 2010).  

For human diagnosis of Q fever the most appropriate tests are PCR analysis of whole blood 
samples (most sensitive if blood is collected during the first week of illness; rapidly 
decreasing in sensitivity when antibodies reach a high level) and PCR or 
immunohistochemistry of biopsy specimens. Negative PCR results should not rule out the 
diagnosis, and treatment should not be withheld. Culture isolation of C. burnetii is possible 
in specialized laboratories only, as routine hospital blood cultures cannot detect the 
microorganism. The gold standard serologic test for diagnosis of Q fever is the indirect 
immunofluorescence assay (IFA), performed on paired serum samples collected the first as 
early in the disease as possible (preferably in the first week of symptoms), and the second 2 
to 4 weeks later. The first IgG IFA titer should therefore be typically low or negative, and the 
second should instead exhibit a significant (four-fold) increase. Analysis of two samples is 
necessary as antibodies to C. burnetii may remain elevated for months or longer after the 
disease has resolved, or may be detected in persons previously exposed to antigenically 
related organisms, therefore, interpretation of one sample may be difficult. Humans can 
develop antibody response against both C. burnetii phase I and phase II. In particular, in 
acute infection, an antibody response to C. burnetii phase II antigen is predominant and is 
higher than phase I antibody response; the reverse is true in chronic infection which is 
associated with a rising phase I IgG titer (according to current U.S. case definitions >1:800) 
that is often much higher than phase II IgG (NASPHV & CDC, 2011). 

For animal diagnosis in the context of serial abortions and stillbirths, samples should be 
collected from aborted foetuses, placenta and vaginal discharges soon after abortion or 
parturition. The diagnosis should always include a differential investigation of major 
abortive agents. Early detection of a Q fever outbreak of abortions in a herd or flock and 
correct biocontainment measures are essential to prevent and limit both environmental and 
farm-based routes of infection. A positive case is a herd or flock with clinical signs (abortion 
and/or stillbirth) for which the presence of the agent has been confirmed. As a rule, in the 
veterinary practice, a breeding or a flock can be considered clinically affected by Q fever if 
three circumstances occur: abortions or stillbirths, presence of C. burnetii in samples from 
affected animals (evaluated by Quantitative PCR analysis) and presence of seropositive 
animals (evaluated by ELISA test). EFSA criteria (Sidi-Boumedine et al., 2010) suggested for 
a correct diagnosis of C. burnetii as abortive agent in bovine herds and ovi-caprine flocks are 
summarized in the figures 3 and 4, respectively. 
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Fig. 3. EFSA criteria for a correct diagnosis of Q fever in bovine herds 

7.1 Direct techniques 

For specific laboratory investigations, it may be necessary to isolate the agent. The direct 
methods for the isolation and the identification of the infectious agent require proper 
samples, mainly represented by placenta, vaginal mucus, milk, colostrum, feces and tissues 
of the aborted foetus, such as liver, lung and content of the stomach, collected immediately 
after the abortion.  

Several techniques are available for C. burnetii identification (OIE, 2010), even if they are 
often characterized by low specificity. 
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7.1 Direct techniques 

For specific laboratory investigations, it may be necessary to isolate the agent. The direct 
methods for the isolation and the identification of the infectious agent require proper 
samples, mainly represented by placenta, vaginal mucus, milk, colostrum, feces and tissues 
of the aborted foetus, such as liver, lung and content of the stomach, collected immediately 
after the abortion.  

Several techniques are available for C. burnetii identification (OIE, 2010), even if they are 
often characterized by low specificity. 
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Fig. 4. EFSA criteria for a correct diagnosis of Q fever in ovi-caprine flocks 

7.1.1 Staining techniques 

These techniques can be carried out in case of abortions suspected to have an infectious 
origin. Best results can be obtained by smears of placental cotyledon prepared on 
microscope slides, but lung, liver and abomasum contents of the aborted foetus or vaginal 
discharges may be used as well. Several methods are suitable for Coxiella identification: 
Stamp, Gimenez, Macchiavello, Giemsa and modified Koster (Gimenez, 1964; Quinn et al., 
1994; Samuel & Hendrix, 2009). The first three techniques give the best results (OIE, 2010). 
These methods are close to the modified Ziehl–Neelsen method involving basic fuchsin to 
stain bacteria. The Stamp method is preferred in veterinary laboratories whereas the 
Gimenez method is very fast for monitoring infected cultural cells in research laboratories. 
Attention must be taken in the interpretation of the results as, microscopically, C. burnetii 
can be confused with Chlamydophila abortus or Brucella spp. When biological staining is 
inconclusive, one of the other methods may be used as a confirmatory test. 
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7.1.2 Isolation of the agent  

These techniques have been abandoned because of their high risk level, even if they can be 
necessary when isolation of Coxiella is required from samples contaminated with more than 
a bacterial species (OIE, 2010). When C. burnetii is present in large numbers and is combined 
with a low contamination rate with other bacteria, direct isolation by inoculation of 
embryonated chicken eggs or cell culture is possible (Maurin & Raoult, 1999; Samuel & 
Hendrix, 2009). A cell microculture system from a commercially available method used for 
virus culture, the shell vial cell culture, has been adapted for isolating strict or facultative 
intracellular bacteria, including C. burnetii. Such a method was described for C. burnetii in 
1990 (Raoult et al., 1990). Suspensions of samples are inoculated into a cell line to observe 
the characteristic vacuoles of C. burnetii multiplication. This method was developed for 
humans but could be adapted for animals. With heavily multi-contaminated samples, such 
as placentas, vaginal discharges, feces, or milk, the inoculation of laboratory animals may be 
necessary as a filtration system. Mice and guinea-pigs are the most appropriate animals for 
this purpose (Scott et al., 1987).  

7.2 Indirect techniques 

Indirect techniques include the indirect immunofluorescence assay (IFA), the ELISA test and 
the complement fixation test (FDC) to be performed on serum samples, or, in the case of the 
ELISA, also on milk samples. Such methods result useful for the screening of high numbers 
of samples, as in the case of entire herds/flocks, but do not provide clear results for single 
animal investigations. In fact some animals can remain seropositive for quite several years 
following acute infection, other animals can shed C. burnetii before seroconversion and 
therefore represent a risk factor for infection, while other animals never seroconvert (Maurin 
& Raoult, 1999). To the moment tests able to discriminate between infected and vaccinated 
animals do not exist yet. 

7.2.1 Indirect Immunofluorescence Assay (IFA) 

In human medicine, the IFA adapted as a micro-immunofluorescence technique is the 
current method for the serodiagnosis of Q fever (Tissot-Dupont et al., 1994). Both phase I 
and phase II C. burnetii antigens are used. The two forms of the infection, acute and chronic, 
have different serological profiles: during acute Q fever, IgG antibodies are elevated against 
phase II only whereas during chronic Q fever, high levels of IgG antibodies to both phase I 
and II of the bacteria are observed (Tissot-Dupont et al., 1994).  

7.2.2 Complement Fixation Test (CFT) 

The test detects complement-fixing antibodies present in the serum. The CFT is specific but 
less sensitive than the ELISA or IFA (Kittelberger et al., 2009; Rousset et al., 2007; 2009). The 
CFT is still used by laboratories in many countries. This method often uses antigen in phase 
II prepared from a mixture of two strains (Nine Mile and Henzerling) or a mixture of 
antigens in phase I and II prepared from Nine Mile strain. 

7.2.3 Enzyme-Linked Immunosorbent Assay (ELISA) 

This technique has a high sensitivity and a good specificity (Kittelberger et al., 2009; Rousset 
et al., 2007; 2009). It is easy to perform. The ELISA is preferred to IFA and CFT, particularly 
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for veterinary diagnosis, because it is convenient for large-scale screening and, is a reliable 
technique for demonstrating C. burnetii antibody in various animal species (Jaspers et al., 
1994; Soliman et al., 1992). Ready-to-use kits are commercially available and can detect anti-
phase II antibodies or both anti-phase I and II antibodies.  

7.3 Specific detection methods 

Detection of C. burnetii in samples can also be achieved by specific immunodetection 
(capture ELISA, immunohistochemistry), in-situ hybridisation or DNA amplification (Jensen 
et al., 2007; Samuel & Hendrix, 2009; Thiele et al., 1992). Immunohistology may be used with 
paraffin-embedded tissues or on acetone-fixed smears (Raoult et al., 1994). The method is an 
indirect immunofluorescence or immunoperoxidase assay using polyclonal C. burnetii 
specific antibodies. Fluorescent in-situ hybridisation using specific oligonucleotide probes 
targeting 16s rRNA may be used on paraffin-embedded tissues, especially placenta samples 
(Jensen et al., 2007).  

C. burnetii detection is today mainly performed by PCR. This method has many advantages 
because it is highly specific and sensitive, it allows the inactivation of the microorganism by 
heating to 90°C for 30-60 min, it allows working on different kinds of samples without the 
need to isolate the bacterium. Unfortunately this method does not allow the isolation of the 
agent. Target sequences for PCR are numerous, and the most used is the IS1111 (accession 
number M80806), which renders the technique even more sensitive as this insertion 
sequence is broadly repeated in the genome of Coxiella. PCR is therefore an effective method 
for the identification of shedding animals. Recently a Real-Time PCR protocol has been set 
up for the identification and the quantification of the number of bacteria present in a 
biological matrix. The quantification of C. burnetii in the abortion products is an extremely 
important information as it is the core part of a correct diagnosis of this pathogen as the real 
cause of the abortion (Sidi-Boumedine et al., 2010). 

7.4 Genotyping methods 

Detection, isolation and identification of C. burnetii can be completed with a molecular 
characterization, useful for epidemiological studies. Several typing methods have been used 
for the characterisation of C. burnetii strains, such as restriction endonuclease of genomic 
DNA (Hendrix et al., 1991), PFGE (Pulsed-Field Gel Electrophoresis) (Jäger et al., 1998), and 
sequence and/or PCR-RFLP (Restriction Fragment Length Polymorphism) analysis of icd, 
com1 and mucZ genes. More recently, the two PCR-based typing methods MLVA (Multi-
Locus Variable number of tandem repeats Analysis) (Arricau-Bouvery et al., 2006; Svraka et 
al., 2006) and multispacer sequence typing (MST) (Glazunova et al., 2005) are gaining 
importance for several reasons. Indeed they permit the typing of C. burnetii without the 
need for isolation of the organism. Moreover they exhibit high discriminating power with 
relatively low costs. MLVA analysis is currently the reference method for the genetic 
characterization of important pathogens such as M. tuberculosis, B. anthracis and Y. pestis. 
Recent studies have shown that the application of this technique to C. burnetii isolates both 
of animal and human origin allowed the identification of 36 different genetic profiles on a 
total of 42 isolates (Arricau-Bouvery et al., 2006). Moreover, databases have been 
established, http: //minisatellites.u-psud.fr/MLVAnet/ and http://ifr48.timone.univ-
mrs.fr for MLVA and MST, respectively. The availability of such databases allows easy 
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inter-laboratory comparisons which might lead to a better understanding of the propagation 
of C. burnetii isolates.  

These tools are very useful for epidemiological investigation, particularly to clarify links 
regarding sources of infection, for better understanding of the epidemiological emerging 
factors, and to a lesser extent, for evaluating control measures. 

8. Therapy and prophylaxis 
In man doxycycline is the first line treatment for all adults, and for children with severe 
illness. Doxycycline is most effective at preventing severe complications if it is started early 
in the course of disease. Failure to respond to this antibiotic indicates that C. burnetii is not 
the aetiological agent of the illness, as resistance to doxycycline has never been documented. 
The recommended dosage for acute Q fever in adults is 100 mg every 12 hours, while for 
children under 45 kg is 2.2 mg/kg of body weight given twice a day. Standard duration of 
treatment is 2-3 weeks, or for at least three days after the fever subsides, or until there is 
evidence of clinical improvement. The recommended treatment for adults affected by 
chronic Q fever includes 100 mg of doxycycline every 12 hours and 200 mg of 
hydroxychloroquine every 8 hours. Standard duration of treatment is 18 months (NASPHV 
& CDC, 2011). 

In animals little information is available on the effectiveness of antibiotic treatments, which 
are often used for reducing the number of abortions and the level of elimination of C. 
burnetii during parturition. Antimicrobial treatment is in fact used mainly to minimize 
shedding of the organism in the placenta and birth fluids rather to eliminate it. This 
treatment doesn't prevent entirely neither the abortion (Berri et al., 2005a), nor the 
elimination of Coxiella during parturition (Arricau-Bouvery & Rodolakis, 2005). The 
prophylaxis based on antibiotic treatment provides therefore the advantage to reduce the 
risk of abortion, but it doesn't determine the eradication of the disease. In fact, following 
antibiotic treatment, the animals can still shed Coxiella even if they result clinically recovered 
from the disease. 

During Q fever outbreaks the spreading of Coxiella in the herd can be prevented or at least 
reduced by applying control measures including severe hygiene protocols, aiming to 
prevent environmental contamination (manure composting, fight against natural reservoirs, 
separation of the areas used for parturition and new born, ready elimination of vaginal 
discharges and abortion products) and possible culling of seropositive and/or shedding 
animals. 

Vaccination seems to be the only efficient strategy for the control of the disease. Currently 
two typologies of vaccines exist, one developed against the phase I (virulent), and one 
against the phase II (avirulent). The commercial available products are Q-VAX ® (for human 
use), Coxevac ® (for veterinary use) and Chlamivax FQ ® (for veterinary use, developed 
also against Chlamydophila abortus). The use of vaccine does not avoid the risk of shedding of 
the microorganism from infected animals. Vaccination is therefore suitable only for 
seronegative herds/flocks. The use of the anti-phase I vaccine in the veterinary practice 
results useful not only for the control of the disease inside the herd/flock, but also effective 
against the spreading of the infection in the neighbouring herds as well as in man. 
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prevent environmental contamination (manure composting, fight against natural reservoirs, 
separation of the areas used for parturition and new born, ready elimination of vaginal 
discharges and abortion products) and possible culling of seropositive and/or shedding 
animals. 

Vaccination seems to be the only efficient strategy for the control of the disease. Currently 
two typologies of vaccines exist, one developed against the phase I (virulent), and one 
against the phase II (avirulent). The commercial available products are Q-VAX ® (for human 
use), Coxevac ® (for veterinary use) and Chlamivax FQ ® (for veterinary use, developed 
also against Chlamydophila abortus). The use of vaccine does not avoid the risk of shedding of 
the microorganism from infected animals. Vaccination is therefore suitable only for 
seronegative herds/flocks. The use of the anti-phase I vaccine in the veterinary practice 
results useful not only for the control of the disease inside the herd/flock, but also effective 
against the spreading of the infection in the neighbouring herds as well as in man. 
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9. Conclusion 
The numerous cases of Q fever in animals and in man recently occurred in the Netherlands 
renewed the interest of the sanitary authorities and of the scientific community on a disease 
for too long neglected. The presence of this pathology worldwide and the underestimation 
of this disease highlight the need of specific serological and molecular investigations 
including careful examination of all the ipofertility and abortion cases recorded in domestic 
ruminant herds/flocks. Epidemiological data should be used to set up effective monitoring 
and prophylaxis strategies for the control of Q fever. Particular attention should be posed on 
the control of this pathology in domestic and wildlife animals, aiming to contain the 
economic and sanitary impact that the uncontrolled spread of Q fever would have on 
human health. 
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New Zoonotic Pathogen 
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Republic of Korea 

1. Introduction 
The genus Helicobacter contains 35 named species and numerous provisionally named 
species. It is likely that several novel Helicobacter species await discovery. Members of this 
genus are microaerobic, have a fusiform or curved to spiral rod morphology and are motile 
by flagella that vary in number and location among different species (Vandamme et al., 
1990). All known Helicobacters live in human and animal hosts, where colonization occurs 
primarily in the gastrointestinal tract. The type species, Helicobacter pylori (H. pylori), was 
isolated from the stomach of humans and has been associated with a variety of gastric 
anomalies including gastritis, peptic ulcer disease, gastric carcinoma, and gastric mucosa-
associated lymphoma (Parsonnet, 1998). Like H. pylori, other species of Helicobacter have also 

been shown to colonize the stomach and cause disease in animals. Gastric colonizers include 
H. felis, H. mustelae, H. acinonychis, H. bizzozeronii, H. heilmannii, H. salomonis, and a recently 
isolated novel Helicobacter sp. of dolphins (Hodzic et al., 2001). Several species of Helicobacter 
have been identified in rodents, including the species H. hepaticus, H. bilis, H. muridarum, 
H. aurati, H. cinaedi, H. cholecystus, H. trogontum, H. rodentium, and a bacterium 

morphologically resembling H. Flexispira taxon 8 (formerly Flexispira rappini) (Hodzic et al., 
2001). Evidence is accumulating that especially pigs, dogs, and cats constitute reservoir 
hosts for gastric Helicobacter species with zoonotic potential. 

2. History of Helicobacter research 
The first well-known report of gastric Helicobacters was by Bizzozero in Turin in 1893 
(Bizzozero, 1893). Bizzozero was a well-known anatomist, famous already for his proof that 
all dividing cells required cell nuclei (Castiglioni, 1947). In his anatomical observations of 
the gastric mucosa of dogs, Bizzozero reported "spirochetes" inhabiting the gastric glands 
(Figura & Orderda, 1996) and even the canaliculi of the parietal cells. In hand-drawn color 
illustrations, Bizzozero showed gram-negative organisms with approximately 10 
wavelengths within the parietal cells and gastric glands. We now know these organisms 
variously identified as H. canis, H. felis (Lee et al., 1988), and/or H. heilmannii (Heilmann & 
Borchard, 1991). Bizzozero's work was extended by Salomon, who was able to propagate 
these spiral organisms in mouse stomachs after feeding ground-up gastric mucosa from cats 
and dogs to his mouse colony (Salomon, 1896). Salomon's work was a precursor to current 
studies where the H. felis-infected mouse is an important model in vaccine and therapeutic 
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1. Introduction 
The genus Helicobacter contains 35 named species and numerous provisionally named 
species. It is likely that several novel Helicobacter species await discovery. Members of this 
genus are microaerobic, have a fusiform or curved to spiral rod morphology and are motile 
by flagella that vary in number and location among different species (Vandamme et al., 
1990). All known Helicobacters live in human and animal hosts, where colonization occurs 
primarily in the gastrointestinal tract. The type species, Helicobacter pylori (H. pylori), was 
isolated from the stomach of humans and has been associated with a variety of gastric 
anomalies including gastritis, peptic ulcer disease, gastric carcinoma, and gastric mucosa-
associated lymphoma (Parsonnet, 1998). Like H. pylori, other species of Helicobacter have also 

been shown to colonize the stomach and cause disease in animals. Gastric colonizers include 
H. felis, H. mustelae, H. acinonychis, H. bizzozeronii, H. heilmannii, H. salomonis, and a recently 
isolated novel Helicobacter sp. of dolphins (Hodzic et al., 2001). Several species of Helicobacter 
have been identified in rodents, including the species H. hepaticus, H. bilis, H. muridarum, 
H. aurati, H. cinaedi, H. cholecystus, H. trogontum, H. rodentium, and a bacterium 

morphologically resembling H. Flexispira taxon 8 (formerly Flexispira rappini) (Hodzic et al., 
2001). Evidence is accumulating that especially pigs, dogs, and cats constitute reservoir 
hosts for gastric Helicobacter species with zoonotic potential. 

2. History of Helicobacter research 
The first well-known report of gastric Helicobacters was by Bizzozero in Turin in 1893 
(Bizzozero, 1893). Bizzozero was a well-known anatomist, famous already for his proof that 
all dividing cells required cell nuclei (Castiglioni, 1947). In his anatomical observations of 
the gastric mucosa of dogs, Bizzozero reported "spirochetes" inhabiting the gastric glands 
(Figura & Orderda, 1996) and even the canaliculi of the parietal cells. In hand-drawn color 
illustrations, Bizzozero showed gram-negative organisms with approximately 10 
wavelengths within the parietal cells and gastric glands. We now know these organisms 
variously identified as H. canis, H. felis (Lee et al., 1988), and/or H. heilmannii (Heilmann & 
Borchard, 1991). Bizzozero's work was extended by Salomon, who was able to propagate 
these spiral organisms in mouse stomachs after feeding ground-up gastric mucosa from cats 
and dogs to his mouse colony (Salomon, 1896). Salomon's work was a precursor to current 
studies where the H. felis-infected mouse is an important model in vaccine and therapeutic 
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studies of Helicobacter eradication (Chen et al., 1995). Warren had observed patients with 
spiral organisms on their gastric mucosa since 1979 and had documented the inflammation 
associated with the bacteria by the time he and Marshall began a concerted attempt to study 
the organisms in patients with various upper gastrointestinal symptoms. After August 1981, 
the team studied patients attending for endoscopy and was able to demonstrate the gram-
negative bacteria on Gram stains but could not culture them at that time. They tentatively 
treated one patient with tetracycline and were able to observe a decrease in the number of 
neutrophils in the gastric mucosa as well as apparent disappearance of the bacteria. They 
recognized, however, that anecdotal evidence of the bacteria's role in gastric inflammation 
was of little value and therefore commenced a study in 100 consecutive endoscopy patients 
to try to culture the bacteria, as well as determine their association with gastritis and/or 
other clinical syndromes. Initially, they did not focus specifically on the etiology of peptic 
ulcer disease, although they were aware that gastritis was strongly associated with 
duodenal and gastric ulcers, as well as with gastric cancer (Warren & Marshall, 1983). 

3. Classification of Helicobacter species 
The genus Helicobacter contains 35 named species and numerous provisionally named 
species. It is likely that several novel Helicobacter species await discovery. Members of this 
genus are microaerobic, have a fusiform or curved to spiral rod morphology and are motile 
by flagella that vary in number and location among different species (Vandamme et al., 
1990). All known Helicobacters live in human and animal hosts, where colonization occurs 
primarily in the gastrointestinal tract. The type species, H. pylori, was isolated from the 
stomach of humans and has been associated with a variety of gastric anomalies including 
gastritis, peptic ulcer disease, gastric carcinoma, and gastric mucosa-associated lymphoma 
(Parsonnet, 1998). Like H. pylori, other species of Helicobacter have also been shown to 
colonize the stomach and cause disease in animals. Gastric colonizers include H. felis, 
H. mustelae, H. acinonychis, H. bizzozeronii, H. heilmannii, H. salomonis, and a recently isolated 

novel Helicobacter sp. of dolphins (Hodzic et al., 2001). Several species of Helicobacter have 
been identified in rodents, including the species H. hepaticus, H. bilis, H. muridarum, H. aurati, 
H. cinaedi, H. cholecystus, H. trogontum, H. rodentium, and a bacterium morphologically 
resembling Helicobacter Flexispira taxon 8 (formerly Flexispira rappini) (Hodzic et al., 2001). A 
number of Helicobacter species may confound experimental data because of their association 
with disease progressing in various kinds of animals (Chin et al., 2000, Ward et al., 1994, 
Eaton et al., 1996). H. hepaticus and H. bilis were initially reported as pathogens associated 
with hepatitis and inflammatory bowel diseases (Shomer et al., 1997, Ward et al., 1996), and 
H. typhlonicus caused proliferative typhlocolitis in SCID mice ( Franklin 1999). H. suncus was 
isolated from house musk shrews as a pathogenic agent (Goto et al., 2000). 

Most routine laboratories apply the same basic biochemical tests for the identification and 
differentiation of all Campylobacter-like organisms and would fail to identify many 
Helicobacter species. Although the number of Helicobacter species encountered in human 
clinical samples is fairly small, the lack of application of highly standardized procedures 
and the well-known biochemical inertness of Campylobacter-like organisms render 
biochemical identification of all of these bacteria very difficult. Whereas Arcobacter strains 
can be differentiated from Campylobacter and Helicobacter strains by their ability to grow in 
air and at low temperature (Vandamme et al., 1991), there are no clear biochemical 
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characteristics to separate the genus Helicobacter from the genus Campylobacter. Theoretically, 
one has to differentiate over 35 validly named species and subspecies, as well as various 
unnamed taxa. An overview of biochemical and other methods to differentiate 
Campylobacter and Arcobacter species was described earlier (Vandamme, 2000). A summary 
of the characteristics of cultivated Helicobacter species shows that discrimination between 
some species may rely on only one differential feature. Moreover, some species, notably H. 
pylori and H. acinonychis, and H. felis and H. bizzozeronii, cannot be differentiated with 
conventional phenotypic tests.  

4. Clinical sequels of Helicobacter infection 
Helicobacter pylori (H. pylori) is a Gram-negative, spiral-shaped, microaerophilic bacterium 
that infects the human gastric mucosa (Warren and Marshall, 1983). Chronic infection is 
thought to be associated with chronic active gastritis, peptic ulcer and gastric malignancies, 
such as mucosa-associated B cell lymphoma and adenocarcinoma (NIH, 1994). In particular, 
this organism has been categorized as a class I carcinogen by the World Health Organization 
(International Agency for Research on Cancer, 1994) and previous studies have confirmed 
that long-term infection with H. pylori induces adenocarcinoma in Mongolian gerbils 
(Honda et al., 1998; Watanabe et al., 1998). The association between H. pylori and gastric 
cancer has been explained by two possible mechanisms.  

Gastric mucosal infection with H. pylori is accompanied by infiltration of neutrophils, and 
activated inflammatory cells are known to produce oxygen radicals (Evans et al., 1995; 
Ramarao et al., 2000). Oxygen radicals are known as inducers and initiators because they 
cause direct DNA damage (Clemens, 1991), but the relationship of these radicals with the 
onset of gastric cancer has not been sufficiently explored. Ammonia/ammonium 
concentrations increase in the gastric mucosa due to infection with H. pylori, and Tsujii et al. 
have found that ammonia acts as a promoter in a rat model of gastric cancer induced by N-
methyl-N-nitro-N-nitrosoguanidine (MNNG) (Tsujii et al., 1992). To consider the association 
between H. pylori infection and the onset of diffuse type of gastric cancer, unlike intestinal 
type gastric cancer, the process from infection with H. pylori through gastric mucosal 
atrophy, intestinal metaplasia, and development of cancer must be excluded (Correa et al., 
1994; Fay et al., 1994). Direct evidence must therefore be found to indicate progression from 
infection with H. pylori through persistent inflammatory cell infiltration resulting in DNA 
damage by oxygen radicals, point mutations of genes, and finally carcinogenesis. 

5. Host ranges of Helicobacters 
Since H. muridarum was first reported in the intestinal mucosal of mice and rats (Lee 1992), 
additional Helicobacter species have been isolated from laboratory animals. Several 
Helicobacter species such as H. hepaticus (Fox 1994), H. muridarum, H. bilis (Fox et al., 1995), H. 
rodentium (Shen et al., 1997), Flexispira rappini (Schauer et al., 1993), H. typhlonicus (Franklin 
et al., 1999) have been identified in rodents. The genus Helicobacter contains 24 named 
species and numerous provisionally named species. It is likely that several novel Helicobacter 
species await discovery. Members of this genus are microaerobic, have a fusiform or curved 
to spiral rod morphology and are motile by flagella that vary in number and location among 
different species (Vandamme et al., 1990). All known Helicobacters live in human and animal 
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studies of Helicobacter eradication (Chen et al., 1995). Warren had observed patients with 
spiral organisms on their gastric mucosa since 1979 and had documented the inflammation 
associated with the bacteria by the time he and Marshall began a concerted attempt to study 
the organisms in patients with various upper gastrointestinal symptoms. After August 1981, 
the team studied patients attending for endoscopy and was able to demonstrate the gram-
negative bacteria on Gram stains but could not culture them at that time. They tentatively 
treated one patient with tetracycline and were able to observe a decrease in the number of 
neutrophils in the gastric mucosa as well as apparent disappearance of the bacteria. They 
recognized, however, that anecdotal evidence of the bacteria's role in gastric inflammation 
was of little value and therefore commenced a study in 100 consecutive endoscopy patients 
to try to culture the bacteria, as well as determine their association with gastritis and/or 
other clinical syndromes. Initially, they did not focus specifically on the etiology of peptic 
ulcer disease, although they were aware that gastritis was strongly associated with 
duodenal and gastric ulcers, as well as with gastric cancer (Warren & Marshall, 1983). 

3. Classification of Helicobacter species 
The genus Helicobacter contains 35 named species and numerous provisionally named 
species. It is likely that several novel Helicobacter species await discovery. Members of this 
genus are microaerobic, have a fusiform or curved to spiral rod morphology and are motile 
by flagella that vary in number and location among different species (Vandamme et al., 
1990). All known Helicobacters live in human and animal hosts, where colonization occurs 
primarily in the gastrointestinal tract. The type species, H. pylori, was isolated from the 
stomach of humans and has been associated with a variety of gastric anomalies including 
gastritis, peptic ulcer disease, gastric carcinoma, and gastric mucosa-associated lymphoma 
(Parsonnet, 1998). Like H. pylori, other species of Helicobacter have also been shown to 
colonize the stomach and cause disease in animals. Gastric colonizers include H. felis, 
H. mustelae, H. acinonychis, H. bizzozeronii, H. heilmannii, H. salomonis, and a recently isolated 

novel Helicobacter sp. of dolphins (Hodzic et al., 2001). Several species of Helicobacter have 
been identified in rodents, including the species H. hepaticus, H. bilis, H. muridarum, H. aurati, 
H. cinaedi, H. cholecystus, H. trogontum, H. rodentium, and a bacterium morphologically 
resembling Helicobacter Flexispira taxon 8 (formerly Flexispira rappini) (Hodzic et al., 2001). A 
number of Helicobacter species may confound experimental data because of their association 
with disease progressing in various kinds of animals (Chin et al., 2000, Ward et al., 1994, 
Eaton et al., 1996). H. hepaticus and H. bilis were initially reported as pathogens associated 
with hepatitis and inflammatory bowel diseases (Shomer et al., 1997, Ward et al., 1996), and 
H. typhlonicus caused proliferative typhlocolitis in SCID mice ( Franklin 1999). H. suncus was 
isolated from house musk shrews as a pathogenic agent (Goto et al., 2000). 

Most routine laboratories apply the same basic biochemical tests for the identification and 
differentiation of all Campylobacter-like organisms and would fail to identify many 
Helicobacter species. Although the number of Helicobacter species encountered in human 
clinical samples is fairly small, the lack of application of highly standardized procedures 
and the well-known biochemical inertness of Campylobacter-like organisms render 
biochemical identification of all of these bacteria very difficult. Whereas Arcobacter strains 
can be differentiated from Campylobacter and Helicobacter strains by their ability to grow in 
air and at low temperature (Vandamme et al., 1991), there are no clear biochemical 

 
Helicobacter – An Emerging New Zoonotic Pathogen 91 

characteristics to separate the genus Helicobacter from the genus Campylobacter. Theoretically, 
one has to differentiate over 35 validly named species and subspecies, as well as various 
unnamed taxa. An overview of biochemical and other methods to differentiate 
Campylobacter and Arcobacter species was described earlier (Vandamme, 2000). A summary 
of the characteristics of cultivated Helicobacter species shows that discrimination between 
some species may rely on only one differential feature. Moreover, some species, notably H. 
pylori and H. acinonychis, and H. felis and H. bizzozeronii, cannot be differentiated with 
conventional phenotypic tests.  

4. Clinical sequels of Helicobacter infection 
Helicobacter pylori (H. pylori) is a Gram-negative, spiral-shaped, microaerophilic bacterium 
that infects the human gastric mucosa (Warren and Marshall, 1983). Chronic infection is 
thought to be associated with chronic active gastritis, peptic ulcer and gastric malignancies, 
such as mucosa-associated B cell lymphoma and adenocarcinoma (NIH, 1994). In particular, 
this organism has been categorized as a class I carcinogen by the World Health Organization 
(International Agency for Research on Cancer, 1994) and previous studies have confirmed 
that long-term infection with H. pylori induces adenocarcinoma in Mongolian gerbils 
(Honda et al., 1998; Watanabe et al., 1998). The association between H. pylori and gastric 
cancer has been explained by two possible mechanisms.  

Gastric mucosal infection with H. pylori is accompanied by infiltration of neutrophils, and 
activated inflammatory cells are known to produce oxygen radicals (Evans et al., 1995; 
Ramarao et al., 2000). Oxygen radicals are known as inducers and initiators because they 
cause direct DNA damage (Clemens, 1991), but the relationship of these radicals with the 
onset of gastric cancer has not been sufficiently explored. Ammonia/ammonium 
concentrations increase in the gastric mucosa due to infection with H. pylori, and Tsujii et al. 
have found that ammonia acts as a promoter in a rat model of gastric cancer induced by N-
methyl-N-nitro-N-nitrosoguanidine (MNNG) (Tsujii et al., 1992). To consider the association 
between H. pylori infection and the onset of diffuse type of gastric cancer, unlike intestinal 
type gastric cancer, the process from infection with H. pylori through gastric mucosal 
atrophy, intestinal metaplasia, and development of cancer must be excluded (Correa et al., 
1994; Fay et al., 1994). Direct evidence must therefore be found to indicate progression from 
infection with H. pylori through persistent inflammatory cell infiltration resulting in DNA 
damage by oxygen radicals, point mutations of genes, and finally carcinogenesis. 

5. Host ranges of Helicobacters 
Since H. muridarum was first reported in the intestinal mucosal of mice and rats (Lee 1992), 
additional Helicobacter species have been isolated from laboratory animals. Several 
Helicobacter species such as H. hepaticus (Fox 1994), H. muridarum, H. bilis (Fox et al., 1995), H. 
rodentium (Shen et al., 1997), Flexispira rappini (Schauer et al., 1993), H. typhlonicus (Franklin 
et al., 1999) have been identified in rodents. The genus Helicobacter contains 24 named 
species and numerous provisionally named species. It is likely that several novel Helicobacter 
species await discovery. Members of this genus are microaerobic, have a fusiform or curved 
to spiral rod morphology and are motile by flagella that vary in number and location among 
different species (Vandamme et al., 1990). All known Helicobacters live in human and animal 
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hosts, where colonization occurs primarily in the gastrointestinal tract. The type species, H. 
pylori, was isolated from the stomach of humans and has been associated with a variety of 
gastric anomalies including gastritis, peptic ulcer disease, gastric carcinoma, and gastric 
mucosa-associated lymphoma (Parsonnet, 1998). Like H. pylori, other species of Helicobacter 
have also been shown to colonize the stomach and cause disease in animals. Gastric 
colonizers include H. felis, H. mustelae, H. acinonychis, H. bizzozeronii, H. heilmannii, 
H. salomonis, and a recently isolated novel Helicobacter sp. of dolphins (Hodzic et al., 2001). 
Several species of Helicobacter have been identified in rodents, including the species 
H. hepaticus, H. bilis, H. muridarum, H. aurati, H. cinaedi, H. cholecystus, H. trogontum, 
H. rodentium, and a bacterium morphologically resembling H. Flexispira taxon 8 (formerly 

Flexispira rappini) (Hodzic et al., 2001). 

6. Transmission of Helicobacters 
In-depth knowledge of the transmission patterns may constitute important information for 
future intervention strategies. In the absence of consistent and verified environmental 
reservoirs, a predominantly person-to-person transmission has been postulated. H. pylori 
infection is associated with poor living conditions, and possible transmission routes are 
fecal-oral, oral-oral, or gastro-oral, but firm evidence is lacking (Torres et al., 2000). Young 
children are particularly vulnerable to infection by transmission of H. pylori from their 
infected parents, especially infected mothers (Rothenbacher et al., 1999), and it is generally 
believed that such transmission is influenced by socio-economic status. However, little is 
known about how and when maternal transmission occurs during perinatal period, 
especially whether this occurs before or after parturition. In the present study, we examined 
these issues in an experimental murine model, Mongolian gerbil model that have been 
reported as a most optimal laboratory animal model to study H. pylori in vivo (Hirayama et 
al., 1996). 

In the previous study, Lee & Kim (2006) examined these issues in an experimental murine 
model, Mongolian gerbil model that have been reported as a most optimal laboratory 
animal model to study H. pylori. Pregnant Mongolian gerbils, infected experimentally with 
H. pylori, were divided as four groups. Following the experimental design, the stomachs of 
the mother and litters were isolated and assessed for transmission of H. pylori at prenatal 
period, parturition day, 1-week old age and 3-week old age respectively. Bacterial culture 
and polymerase chain reaction (PCR) was used to examine the presence of transmitted H. 
pylori. All litters showed no transmission of H. pylori during pregnancy and at parturition 
day. However, they reveled 33.3% and 69.6 % at 1-week old age and 3-week old age 
respectively by PCR. These results suggested that vertical infection during prenatal period 
or delivery procedure is unlikely as a route of mother-to-child H. pylori infection. It might be 
acquired H. pylori through breast-feeding, contaminating saliva and fecal-oral during co-
habitat (Lee & Kim, 2006).  

Half of the world's population is estimated to be infected with H. pylori and the infection is 
mainly acquired in early childhood but the exact routes of transmission remain elusive. 
Infected mothers are generally considered to be the main source of the pathogen 
(Weyermann  et al., 2006; Escobar & Kawakami, 2004; Rothenbacher et al., 2002). The 
epidemiology of H. pylori infection is variable, with prevalence being significantly higher 
and incident infection occurring earlier in developing countries compared with developed 
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countries (Frenck & Clemens 2003; Ahuja & Sharma, 2002; Graham et al., 1991). There is an 
obvious public health impact of H. pylori infection and thus, to design targeted and cost-
effective prevention strategies, elucidation of the mode of transmission for this bacteria is 
crucial (Fendrick et al., 1999). It is known that H. pylori infection is typically acquired in early 
childhood and usually persists throughout life unless specific treatment is applied (Crone &  
Gold 2004). Definitive modes of transmission have not yet been characterized and the 
principal reservoir appears to be humans. Person-to-person transmission via fecal-oral, oral-
oral and gastro-oral routes have been proposed (Mladenova et al., 2006). Numerous studies 
also indicate low socioeconomic status, including domestic overcrowding in childhood, as 
major risk factors for higher infection prevalence rates (Frenck & Clemens 2003). Little is 
known about when and how often maternal transmission of H. pylori occurs during 
perinatal stage. In the previous study, Lee & Kim (2006) examined these issues in an 
experimental murine model.  

The results of the vertical-transmission experiment indicated that vertical transmission of H. 
pylori was not occurred at pregnant and delivery staged. However, they reveled 33.3% and 
69.6 % at lactating and weaning stage respectively. Recent epidemiological studies in 
humans suggest that the acquisition of H. pylori occur during childhood. For example, 
Rothenbacher et al (2000) reported that H. pylori acquisition seems to occur mainly between 
the first and second year of life: that is, after the age of weaning. Our results are in 
agreement with this report. Also, Rothenbacher et al (2000) reported that infected parents, 
especially infected mothers, play a key role in the transmission of H. pylori within families. 
Maternal contact behaviour during the breastfeeding period may be responsible for the high 
frequency of maternal transmission (Kurosawa et al., 2000). Our results also showed that the 
maternal-transmission of H. pylori was not observed during pregnancy and delivery stage, 
but detected at lactating and weaning stage. On the basis of these findings, vertical infection 
during pregnancy or at delivery is unlikely as a route of mother-to-child H. pylori infection. 
Lee & Kim (2006) suggested that H. pylori infection of transplacental route during pregnancy 
might not be occurred and that H. pylori transmission by discharges of uterine or vagina, 
obstetric delivery tract, during parturition might not be occurred. It might be acquired H. 
pylori through breast-feeding, contaminating saliva and fecal-oral during co-habitat. 

7. Diagnostic methods of Helicobacters 
To detect Helicobacter species, serologic tests (Livingston et al., 1997), the culture method 
(Russel et al., 1995), and the PCR (Engstrand et al., 1992) have been used. Serologic test may 
be not available for animal screening because of absence of available species-specific 
antibodies against Helicobacter species. Also, culture assay is labor-intensive. It has been 
reported that PCR assays is easy and useful method and can be performed even on feces as a 
noninvasive means of rapidly screening large numbers of animals for Helicobacter species 
(Beckwith et al., 1997). However, those kinds of PCR assays requires multiple assays 
because of a lot of Helicobacter species (Grehan et al., 2002). There is no doubt that a 
bacteriological culture is the best method for diagnosing a bacterial infection. However, it is 
not easy to cultivate Helicobacters because the specimens are usually obtained from several 
different locations by biopsy or necropsy. In addition, the sensitivity of the culture-isolation 
method is low (Hammar et al., 1992). Therefore, a culture is not considered to be the most 
practical diagnostic method. As a result, the CLO test and staining methods are preferred in 
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hosts, where colonization occurs primarily in the gastrointestinal tract. The type species, H. 
pylori, was isolated from the stomach of humans and has been associated with a variety of 
gastric anomalies including gastritis, peptic ulcer disease, gastric carcinoma, and gastric 
mucosa-associated lymphoma (Parsonnet, 1998). Like H. pylori, other species of Helicobacter 
have also been shown to colonize the stomach and cause disease in animals. Gastric 
colonizers include H. felis, H. mustelae, H. acinonychis, H. bizzozeronii, H. heilmannii, 
H. salomonis, and a recently isolated novel Helicobacter sp. of dolphins (Hodzic et al., 2001). 
Several species of Helicobacter have been identified in rodents, including the species 
H. hepaticus, H. bilis, H. muridarum, H. aurati, H. cinaedi, H. cholecystus, H. trogontum, 
H. rodentium, and a bacterium morphologically resembling H. Flexispira taxon 8 (formerly 

Flexispira rappini) (Hodzic et al., 2001). 

6. Transmission of Helicobacters 
In-depth knowledge of the transmission patterns may constitute important information for 
future intervention strategies. In the absence of consistent and verified environmental 
reservoirs, a predominantly person-to-person transmission has been postulated. H. pylori 
infection is associated with poor living conditions, and possible transmission routes are 
fecal-oral, oral-oral, or gastro-oral, but firm evidence is lacking (Torres et al., 2000). Young 
children are particularly vulnerable to infection by transmission of H. pylori from their 
infected parents, especially infected mothers (Rothenbacher et al., 1999), and it is generally 
believed that such transmission is influenced by socio-economic status. However, little is 
known about how and when maternal transmission occurs during perinatal period, 
especially whether this occurs before or after parturition. In the present study, we examined 
these issues in an experimental murine model, Mongolian gerbil model that have been 
reported as a most optimal laboratory animal model to study H. pylori in vivo (Hirayama et 
al., 1996). 

In the previous study, Lee & Kim (2006) examined these issues in an experimental murine 
model, Mongolian gerbil model that have been reported as a most optimal laboratory 
animal model to study H. pylori. Pregnant Mongolian gerbils, infected experimentally with 
H. pylori, were divided as four groups. Following the experimental design, the stomachs of 
the mother and litters were isolated and assessed for transmission of H. pylori at prenatal 
period, parturition day, 1-week old age and 3-week old age respectively. Bacterial culture 
and polymerase chain reaction (PCR) was used to examine the presence of transmitted H. 
pylori. All litters showed no transmission of H. pylori during pregnancy and at parturition 
day. However, they reveled 33.3% and 69.6 % at 1-week old age and 3-week old age 
respectively by PCR. These results suggested that vertical infection during prenatal period 
or delivery procedure is unlikely as a route of mother-to-child H. pylori infection. It might be 
acquired H. pylori through breast-feeding, contaminating saliva and fecal-oral during co-
habitat (Lee & Kim, 2006).  

Half of the world's population is estimated to be infected with H. pylori and the infection is 
mainly acquired in early childhood but the exact routes of transmission remain elusive. 
Infected mothers are generally considered to be the main source of the pathogen 
(Weyermann  et al., 2006; Escobar & Kawakami, 2004; Rothenbacher et al., 2002). The 
epidemiology of H. pylori infection is variable, with prevalence being significantly higher 
and incident infection occurring earlier in developing countries compared with developed 
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countries (Frenck & Clemens 2003; Ahuja & Sharma, 2002; Graham et al., 1991). There is an 
obvious public health impact of H. pylori infection and thus, to design targeted and cost-
effective prevention strategies, elucidation of the mode of transmission for this bacteria is 
crucial (Fendrick et al., 1999). It is known that H. pylori infection is typically acquired in early 
childhood and usually persists throughout life unless specific treatment is applied (Crone &  
Gold 2004). Definitive modes of transmission have not yet been characterized and the 
principal reservoir appears to be humans. Person-to-person transmission via fecal-oral, oral-
oral and gastro-oral routes have been proposed (Mladenova et al., 2006). Numerous studies 
also indicate low socioeconomic status, including domestic overcrowding in childhood, as 
major risk factors for higher infection prevalence rates (Frenck & Clemens 2003). Little is 
known about when and how often maternal transmission of H. pylori occurs during 
perinatal stage. In the previous study, Lee & Kim (2006) examined these issues in an 
experimental murine model.  

The results of the vertical-transmission experiment indicated that vertical transmission of H. 
pylori was not occurred at pregnant and delivery staged. However, they reveled 33.3% and 
69.6 % at lactating and weaning stage respectively. Recent epidemiological studies in 
humans suggest that the acquisition of H. pylori occur during childhood. For example, 
Rothenbacher et al (2000) reported that H. pylori acquisition seems to occur mainly between 
the first and second year of life: that is, after the age of weaning. Our results are in 
agreement with this report. Also, Rothenbacher et al (2000) reported that infected parents, 
especially infected mothers, play a key role in the transmission of H. pylori within families. 
Maternal contact behaviour during the breastfeeding period may be responsible for the high 
frequency of maternal transmission (Kurosawa et al., 2000). Our results also showed that the 
maternal-transmission of H. pylori was not observed during pregnancy and delivery stage, 
but detected at lactating and weaning stage. On the basis of these findings, vertical infection 
during pregnancy or at delivery is unlikely as a route of mother-to-child H. pylori infection. 
Lee & Kim (2006) suggested that H. pylori infection of transplacental route during pregnancy 
might not be occurred and that H. pylori transmission by discharges of uterine or vagina, 
obstetric delivery tract, during parturition might not be occurred. It might be acquired H. 
pylori through breast-feeding, contaminating saliva and fecal-oral during co-habitat. 

7. Diagnostic methods of Helicobacters 
To detect Helicobacter species, serologic tests (Livingston et al., 1997), the culture method 
(Russel et al., 1995), and the PCR (Engstrand et al., 1992) have been used. Serologic test may 
be not available for animal screening because of absence of available species-specific 
antibodies against Helicobacter species. Also, culture assay is labor-intensive. It has been 
reported that PCR assays is easy and useful method and can be performed even on feces as a 
noninvasive means of rapidly screening large numbers of animals for Helicobacter species 
(Beckwith et al., 1997). However, those kinds of PCR assays requires multiple assays 
because of a lot of Helicobacter species (Grehan et al., 2002). There is no doubt that a 
bacteriological culture is the best method for diagnosing a bacterial infection. However, it is 
not easy to cultivate Helicobacters because the specimens are usually obtained from several 
different locations by biopsy or necropsy. In addition, the sensitivity of the culture-isolation 
method is low (Hammar et al., 1992). Therefore, a culture is not considered to be the most 
practical diagnostic method. As a result, the CLO test and staining methods are preferred in 
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many clinical laboratories. Nonetheless, they also have problems such as accuracy of 
species-specific identification (Megraud, 1997). PCR which is a specific and sensitive 
molecular method for detecting Helicobacter DNA, can supplement the above methods. 
However, PCR methods using species-specific primers require multiple assays because of a 
lot of Helicobacter species (Grehan et al., 2002). In this study, the RNA polymerase ß-subunit-
coding gene (rpoB) was used for the detection of novel Helicobacter species by a simple PCR 
analysis. rpoB is an important transcription apparatus in all microorganisms. Because this 
region is highly conserved, this rpoB DNA PCR could be used as a consensus PCR analysis 
method to detect Helicobacter species. Therefore, it is clear that PCR methods targeting a 
stable gene such as rpoB would give more reliable results.  Mutiple PCR assays using 
Helicobacter species-specific primers may be considered an expensive, laborious, and thus 
impractical procedure for many samples in clinical laboratory settings. On the other hand, 
this consensus PCR can be used alone without multiple assays. Therfore, the cost, which is 
higher than those of other methods, including culture, will be reduced. Helicobacter species 
may be identified in this single PCR and the presence of a novel species may be detected. 
Fecal samples may be stored at room temperature for up to a week without affecting the 
outcome of PCR for Helicobacter species (Beckwith et al., 1997). Therefore, monitoring of 
Helicobacter infection could be conducted very easily by this consensus PCR with feces. In 
the previous study, the consensus PCR using rpoB primers was able to detect successfully 
Helicobacter species (Kim & Kim, 2004). A set of primers (HF, 5'-ACTTTAAACGCA 
TGAAGATAT-3'; and HR, 5'-ATATTTTGACCTTCTGGGGT-3') was used to amplify rpoB 
DNA (458 bp) encompassing the Rifr region. Amplification of rpoB DNAs (458 bp) from 
Helicobacter species PCR products was electrophoresed on a 1.2% agarose gel. The PCR 
products (458 bp) were observed from the Helicobacter species such as H. felis, H. cinaedi, H. 
mustelae, H. hepaticus, H. pylori ATCC43504, H. pylori ATCC 43579, H. pylori ATCC 43619, H. 
pylori ss1, H. pylori isolate. There was no amplification from other bacteria such as E. coli, 
Bacilus subtilis, Corynebacterium diphtheriae, Haemophilus influenzae, Moraxella catarrhalis, 
Enterococcus faecalis, suggesting that the primers (HF and HR) are Helicobacter specific. This 
consensus PCR will be useful and effective for monitoring Helicobacter species including 
human and animals and could be used for detection of a new Helicobacter species by 
combination with partial sequencing (Kim & Kim, 2004). 

8. Preventive and therapeutic methods of Helicobacters 
Various pharmacological regimens have been studied in the treatment of H. pylori infection. 
Antibiotics (Fera et al., 2001), proton–pump inhibitors (Park et al., 1996), H2-blockers (Sorba 
et al., 2001), and bismuth salts (Midolo et al., 1997) are suggested standard treatment 
modalities, which are typically combined in dual, triple and quadruple therapy regimens in 
order to eradicate H. pylori infection (Worrel et al., 1998). Some problems may arise upon 
administration of these eradication regimens, i.e. the cost (Worrel et al., 1998), the efficacy of 
antibiotics regarding the pH (for instance, amoxicillin is most active at a neutral pH and 
tetracycline has greater activity at a low pH) (Worrel et al., 1998) and resistance to the 
antibiotics (Ferrero et al., 2000). However, above 15% of the patients undergoing such drug 
regimens experienced therapeutic failure (Worrel et al., 1998). 

Hence, numerous studies have concentrated on the eradication of H. pylori infection using 
traditional herbal medicines. Garlic and Pteleopsis extracts exhibited weak and modest, 
respectively, anti-H. pylori activity (Germano et al., 1998). Fifty-four Chinese herbs were 
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screened for anti-H. pylori activity, exhibiting Rheum palmatum, Rhus javanica, Coptis japonica 
and Eugenia caryophyllata strong anti-H. pylori activity (Bae et al., 1998). Cranberry juice 
possesses modest anti-H. pylori activity (Burger et al., 2000). The anti-H. pylori activities of 
Aristolochia paucinervis, black myrobalan and cinnamon were also examined (Gadhi et al., 
2001). Anti-H. pylori compounds from the Brazilian medicinal plant Myroxylon peruiferum have 
successfully isolated (Ohsaki  1999). Extracts and fractions from seven Turkish plants were also 
demonstrated to elicit anti-H. pylori activity (Yesilada et al., 1999). The leaves, roots and stems 
of Korean and Japanese wasabi exhibited bactericidal activities against H. pylori, having the 
leaves the highest bactericidal activity (Shin et al., 2004). In addition, some flavonoids and 
isoflavonoids isolated from licorice such as licochalcone A, licoisoflavone B, and gancaonols 
have been reported to exhibit inhibitory activities against H. pylori (Fukai et al., 2002). 

Lee et al (2010) conducted the study of anti-H. pylori efficacy with 81 folk medicinal plants. 
They confirmed that 3 herbal compounds, Melia azedarach, Cinnamomum cassia and Magnolia 
officinalis showed an antibiotic effect on H. pylori infection. It could be a promising native 
herb treatment for patients with gastric complaints including gastric ulcer caused by H. 
pylori. These results will be able to develop the therapeutics against H. pylori infection. Melia 
azedarach, Cinnamomum cassia and Magnolia officinalis will be useful to treat H. pylori infected 
patients with high therapeutic efficacy and safety (Lee et al., 2010). 

9. Helicobacters as an emerging new zoonotic pathogen 
The genus Helicobacter contains at least 24 named species and an additional 35 or more novel 
Helicobacters wait formal naming (Fox, 2002). Members of this genus are microaerobic, have 
a fusiform or curved to spiral rod morphology and are motile by flagella that vary in 
number and location among different species (Vandamme et al., 1990). All known 
Helicobacters live in human and animal hosts, where colonization occurs primarily in the 
gastrointestinal tract. The type species, H. pylori, was isolated from the stomach of humans 
and has been associated with a variety of gastric anomalies including gastritis, peptic ulcer 
disease, gastric carcinoma, and gastric mucosa-associated lymphoma (Parsonnet, 1998). Like 
H. pylori, other species of Helicobacter have also been shown to colonize the stomach and 
cause disease in animals. Gastric colonizers include H. felis, H. mustelae, H. acinonychis, H. 
bizzozeronii, H. heilmannii, H. salomonis, and a recently isolated novel Helicobacter sp. of 
dolphins (Hodzic et al., 2001). The initial interest in animal Helicobacters arose from the need 
for a suitable animal model for studying H. pylori infection, and subsequently from an 
ecological perspective (Fox et al., 1997; Lee et al., 1988). However, there have been recent 
concerns regarding the potential of animals, notably domestic pets, to be a source of 
zoonotic Helicobacter infection. Dogs and cats used for biomedical research have been 
occasionally found to harbor H. pylori strains (Handt et al., 1995), while H. felis has been 
implicated as a potential human pathogen in a few cases (Wegmann et al., 1991). H. pylori 
has also been found in pet animals, and it can promote gastritis when introduced into 
specific-pathogen-free cats. The significance of this infection as a cause of gastritis in pet 
dogs and cats is nevertheless unclear. The main gastric Helicobacter species in dogs and cats 
are primarily H. heilmannii (formerly "Gastrospirillum hominis") and H. felis. These two species 
are collectively referred to as gastric Helicobacter-like organisms (GHLO) because they 
cannot be distinguished by light microscopy. So far, H. heilmannii has not been reliably 
cultured in vitro. 
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many clinical laboratories. Nonetheless, they also have problems such as accuracy of 
species-specific identification (Megraud, 1997). PCR which is a specific and sensitive 
molecular method for detecting Helicobacter DNA, can supplement the above methods. 
However, PCR methods using species-specific primers require multiple assays because of a 
lot of Helicobacter species (Grehan et al., 2002). In this study, the RNA polymerase ß-subunit-
coding gene (rpoB) was used for the detection of novel Helicobacter species by a simple PCR 
analysis. rpoB is an important transcription apparatus in all microorganisms. Because this 
region is highly conserved, this rpoB DNA PCR could be used as a consensus PCR analysis 
method to detect Helicobacter species. Therefore, it is clear that PCR methods targeting a 
stable gene such as rpoB would give more reliable results.  Mutiple PCR assays using 
Helicobacter species-specific primers may be considered an expensive, laborious, and thus 
impractical procedure for many samples in clinical laboratory settings. On the other hand, 
this consensus PCR can be used alone without multiple assays. Therfore, the cost, which is 
higher than those of other methods, including culture, will be reduced. Helicobacter species 
may be identified in this single PCR and the presence of a novel species may be detected. 
Fecal samples may be stored at room temperature for up to a week without affecting the 
outcome of PCR for Helicobacter species (Beckwith et al., 1997). Therefore, monitoring of 
Helicobacter infection could be conducted very easily by this consensus PCR with feces. In 
the previous study, the consensus PCR using rpoB primers was able to detect successfully 
Helicobacter species (Kim & Kim, 2004). A set of primers (HF, 5'-ACTTTAAACGCA 
TGAAGATAT-3'; and HR, 5'-ATATTTTGACCTTCTGGGGT-3') was used to amplify rpoB 
DNA (458 bp) encompassing the Rifr region. Amplification of rpoB DNAs (458 bp) from 
Helicobacter species PCR products was electrophoresed on a 1.2% agarose gel. The PCR 
products (458 bp) were observed from the Helicobacter species such as H. felis, H. cinaedi, H. 
mustelae, H. hepaticus, H. pylori ATCC43504, H. pylori ATCC 43579, H. pylori ATCC 43619, H. 
pylori ss1, H. pylori isolate. There was no amplification from other bacteria such as E. coli, 
Bacilus subtilis, Corynebacterium diphtheriae, Haemophilus influenzae, Moraxella catarrhalis, 
Enterococcus faecalis, suggesting that the primers (HF and HR) are Helicobacter specific. This 
consensus PCR will be useful and effective for monitoring Helicobacter species including 
human and animals and could be used for detection of a new Helicobacter species by 
combination with partial sequencing (Kim & Kim, 2004). 

8. Preventive and therapeutic methods of Helicobacters 
Various pharmacological regimens have been studied in the treatment of H. pylori infection. 
Antibiotics (Fera et al., 2001), proton–pump inhibitors (Park et al., 1996), H2-blockers (Sorba 
et al., 2001), and bismuth salts (Midolo et al., 1997) are suggested standard treatment 
modalities, which are typically combined in dual, triple and quadruple therapy regimens in 
order to eradicate H. pylori infection (Worrel et al., 1998). Some problems may arise upon 
administration of these eradication regimens, i.e. the cost (Worrel et al., 1998), the efficacy of 
antibiotics regarding the pH (for instance, amoxicillin is most active at a neutral pH and 
tetracycline has greater activity at a low pH) (Worrel et al., 1998) and resistance to the 
antibiotics (Ferrero et al., 2000). However, above 15% of the patients undergoing such drug 
regimens experienced therapeutic failure (Worrel et al., 1998). 

Hence, numerous studies have concentrated on the eradication of H. pylori infection using 
traditional herbal medicines. Garlic and Pteleopsis extracts exhibited weak and modest, 
respectively, anti-H. pylori activity (Germano et al., 1998). Fifty-four Chinese herbs were 

 
Helicobacter – An Emerging New Zoonotic Pathogen 95 

screened for anti-H. pylori activity, exhibiting Rheum palmatum, Rhus javanica, Coptis japonica 
and Eugenia caryophyllata strong anti-H. pylori activity (Bae et al., 1998). Cranberry juice 
possesses modest anti-H. pylori activity (Burger et al., 2000). The anti-H. pylori activities of 
Aristolochia paucinervis, black myrobalan and cinnamon were also examined (Gadhi et al., 
2001). Anti-H. pylori compounds from the Brazilian medicinal plant Myroxylon peruiferum have 
successfully isolated (Ohsaki  1999). Extracts and fractions from seven Turkish plants were also 
demonstrated to elicit anti-H. pylori activity (Yesilada et al., 1999). The leaves, roots and stems 
of Korean and Japanese wasabi exhibited bactericidal activities against H. pylori, having the 
leaves the highest bactericidal activity (Shin et al., 2004). In addition, some flavonoids and 
isoflavonoids isolated from licorice such as licochalcone A, licoisoflavone B, and gancaonols 
have been reported to exhibit inhibitory activities against H. pylori (Fukai et al., 2002). 

Lee et al (2010) conducted the study of anti-H. pylori efficacy with 81 folk medicinal plants. 
They confirmed that 3 herbal compounds, Melia azedarach, Cinnamomum cassia and Magnolia 
officinalis showed an antibiotic effect on H. pylori infection. It could be a promising native 
herb treatment for patients with gastric complaints including gastric ulcer caused by H. 
pylori. These results will be able to develop the therapeutics against H. pylori infection. Melia 
azedarach, Cinnamomum cassia and Magnolia officinalis will be useful to treat H. pylori infected 
patients with high therapeutic efficacy and safety (Lee et al., 2010). 

9. Helicobacters as an emerging new zoonotic pathogen 
The genus Helicobacter contains at least 24 named species and an additional 35 or more novel 
Helicobacters wait formal naming (Fox, 2002). Members of this genus are microaerobic, have 
a fusiform or curved to spiral rod morphology and are motile by flagella that vary in 
number and location among different species (Vandamme et al., 1990). All known 
Helicobacters live in human and animal hosts, where colonization occurs primarily in the 
gastrointestinal tract. The type species, H. pylori, was isolated from the stomach of humans 
and has been associated with a variety of gastric anomalies including gastritis, peptic ulcer 
disease, gastric carcinoma, and gastric mucosa-associated lymphoma (Parsonnet, 1998). Like 
H. pylori, other species of Helicobacter have also been shown to colonize the stomach and 
cause disease in animals. Gastric colonizers include H. felis, H. mustelae, H. acinonychis, H. 
bizzozeronii, H. heilmannii, H. salomonis, and a recently isolated novel Helicobacter sp. of 
dolphins (Hodzic et al., 2001). The initial interest in animal Helicobacters arose from the need 
for a suitable animal model for studying H. pylori infection, and subsequently from an 
ecological perspective (Fox et al., 1997; Lee et al., 1988). However, there have been recent 
concerns regarding the potential of animals, notably domestic pets, to be a source of 
zoonotic Helicobacter infection. Dogs and cats used for biomedical research have been 
occasionally found to harbor H. pylori strains (Handt et al., 1995), while H. felis has been 
implicated as a potential human pathogen in a few cases (Wegmann et al., 1991). H. pylori 
has also been found in pet animals, and it can promote gastritis when introduced into 
specific-pathogen-free cats. The significance of this infection as a cause of gastritis in pet 
dogs and cats is nevertheless unclear. The main gastric Helicobacter species in dogs and cats 
are primarily H. heilmannii (formerly "Gastrospirillum hominis") and H. felis. These two species 
are collectively referred to as gastric Helicobacter-like organisms (GHLO) because they 
cannot be distinguished by light microscopy. So far, H. heilmannii has not been reliably 
cultured in vitro. 
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10. Conclusions 
Clinical symptoms associated with non-H. pylori Helicobacters in humans can be 
characterized by atypical complaints such as acute or chronic epigastric pain and nausea. 
Other aspecific symptoms include hematemesis, recurrent dyspepsia, irregular defecation 
frequency and consistency, vomiting, heartburn, and dysphagia, often accompanied by a 
decreased appetite. Evidence is accumulating that especially pigs, dogs, and cats constitute 
reservoir hosts for gastric Helicobacter species with zoonotic potential. The recent successes 
with in vitro isolation of these fastidious microorganisms from domestic animals open new 
perspectives for developing typing techniques that can be directly applied on gastric 
biopsies from humans. These techniques should make it possible to determine whether 
animal and human strains belonging to the same Helicobacter species are clonally related. 
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1. Introduction 
Tuberculosis remains the most prevailing disease worldwide. This infectious disease is 
caused by various strains of mycobacteria – Mycobacterium tuberculosis, M. bovis, M. bovis 
BCG, M. microti and M. africanum all known under one name Mycobacterium tuberculosis 
complex. Each of the aforementioned agents is recognized as dangerous both to humans and 
animals. Bovine tuberculosis (bTB) results from infection by M. bovis. 

Suspicions of tuberculosis incidents in wildlife of Bieszczady Mountains (Poland, 
Podkarpackie Province) have a long history, however, first records on the confirmed bTB 
cases date back 1996 and concern European bison found dead within Brzegi Dolne Forest 
Inspectorate (Fig. 1, 3, 4) (Żurawski et al.1997). Culling of the European bison for diagnostic 
purposes, carried out in the period 1997-2001, revealed 13 bTB cases of 18 individuals tested 
(Welz et al.2006). 

2. Molecular epidemiology of M. bovis isolates 
In 2005-2008 in Bieszczady Mountains the next study was conducted. 5 strains of M. bovis were 
isolated – from 2 European bison (of 3 investigated), 2 cows and badger (of 2 investigated).  

The whole study covered 215 free – ranging animals: red deer, wild boar, roe deer, a few 
examples of European bison, badger, wolf and lynx (Fig. 2). All of the animals were 
examined for mycobacterial infections. The studied material also involved 4 domestic cows. 
The examination of the collected material resulted in isolation of 14 strains of acid-resistant 
mycobacteria. The strains were distinguished as follows: 4 strains of M. tuberculosis (3 wolfs 
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and a cow), 5 strains of M. bovis (2 European bison, 2 cows and badger), 4 strains of M.avium 
(4 red deer),  and a strain of M. species (1 red deer) (Salwa et al. in prep.). 

 
Fig. 1. European bison herds localization in the Bieszczady area in 1996-1998. 

 
Fig. 2. The localization of tuberculosis foci in animals and humans in the Bieszczady in  
2001 – 2008. 
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Fig. 3. Lesions characteristic for M. bovis infection – European bison, diagnostic cull; 
February, 1997 (fot. J. Polityński – Brzegi Dolne). 

 
Fig. 4. Lesions characteristic for M. bovis infection – European bison, diagnostic cull; 
February, 1997 (fot. J. Polityński – Brzegi Dolne). 

The examination toward the isolation and identification of tuberculosis mycobacteria was 
carried out by culture technique with the use of biological tests recommended by the  
Microbiology Unit of State Veterinary Institute in Pulawy. Lymph nodes were 
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microsectioned and chosen tissue fragments were homogenized. The inoculation was 
carried out in solid medium according to Lowenstein-Jansen and Stonebrink. Identification 
of isolated bacteria was carried out by the culture and biochemical methods. 

Parallel to bacteriological identification of isolated Mycobacterium strains, a confirmation 
via PCR methods was performed. DNA isolation from examined strains was carried out by 
the column method using Genomic Mini AX Tissue set (A&A Biotechnology, Gdynia), 
according to the producer’s instructions. The amplification of the selected fragment of 
region 16S-23 rRNA ITS was carried out utilizing 2 starters complementary to 5’ and 3’ with 
the following sequences: 

ITS-F1-1 5’- TTG ATC CGA CGA AGT CGT AAC AAG g-3’ 

Mycom-3 5’- ATG CTC GCA ACC ACT ATC CA-3’ 

Oligonucleotides were synthesized by using a DNA Synthesizer (Genmed Synthesis, Inc.-
USA). After finished reaction, the amplification products were analysed electrophoretically 
in 2% agarose gel (Sigma, Chemical Co.) with addition of ethydine bromide. After 
electrophoresis the gel was photographed wit an UV transiluminator (Fotodyne Inc.). 

Restriction analysis based on the enzyme Sau 961 (Fermentas, Lithuania) to digest bacterial 
DNA, identifying and cutting the DNA chain in the region of a specific nucleotide sequence. 
The electrophoresis was carried out in polyacrylamide gel electrophoresis apparatus filled 
with TAE buffer. The electrophoresis was carried out at voltage 100V/3 hours. 

Sequencing was carried out using an automatic sequencer ABI PRISM 3100 Avant Genetic 
Analyzer, Applied Biosystem. The analysis involved a chosen area of the 16S-23 ITS region 
of all strains included in the examination. The obtained DNA sequences were then subjected 
to comparative analysis and subsequently a phylogenetic tree image was created by the Tree 
View program (version: 1.6.6). 

The following strains were used for comparative examination: M. tuberculosis isolated from 
humans (strain PBG/28) and M. bovis isolated from a cow (strain DG/358-9). The strains 
were supplied by the Tuberculosis Diagnostic Pomeranian Center of Infectious Diseases and 
Tuberculosis in Gdansk, Poland and from the Tuberculosis Diagnostic Laboratory 
Veterinary Hygiene Institute in Bydgoszcz, Poland.  

Among the compared M. bovis strains, the highest affinity was displayed by strain derived 
from two European bisons. Sequence comparision of the analyzed fragment 16S-23S rDNA 
revealed that it was homologous except for only two nucleotides. What is important, the 
animals came from two herds living in different regions of Bieszczady. A high genetic 
differentiation was demonstrated comparing nucleotide sequences od M. bovis strains 
isolated from the badger and cattle. These evidence indicate that M. bovis spread within the 
Bieszczady region is represented by different variants (Salwa et al. in prep.). Consistent with 
this observation, studies of others authors have shown DNA diversity of M. bovis. (Skuce et 
al. 1996, Sechi et al.1999) 

The result of the aforementioned study suggest that tuberculosis had been transmitted to 
European bison from the cattle when grazing the same pastures. The role of badgers in the 
spreading of M. bovis in Bieszczady Mountains is not yet fully recognized. It is necessary to 
underline that M. bovis  was not isolated from deer and boars in Bieszczady Mountains.  

 
Bovine Tuberculosis in European Bison as Possible Zoonotic Impact in Poland 

 

105 

3. Discussion 
According to the report listing the local zoonotic disease in Bieszczady found during 1960-
2008, in the sixties tuberculosis was common in cattle of Bieszczady. Although in the 
seventies the disease was believed to be eradicated, some isolated cases of tuberculosis 
positive cows were being found regularly every year thereafter. The report pointed at 
Daszówka as the location with the highest density of tuberculosis loci (Fig. 2).  

A natural reservoir of M. bovis can be both a livestock, cattle in particular, and wildlife. 
Mutual contacts of animals from these two groups, taking place at pastures and meadows, 
facilitate an interspecies transmission of mycobacteria. Long term observations point at farm 
animals and humans as a primary source for Mycobacterium infections (Pavlik et al.2005, 
Tessaro et al.1990). Free-ranging animals might in term become a reservoir of bTB and a 
secondary source of infection for other free-ranging animals or livestock. Infections may 
have a direct or indirect character. There are also many routes of  M. bovis spreading (via air, 
with feces, urine, etc.). In England Courtenay et al. (2006) studied the route of M. bovis 
transmission and found out that infections of cattle had an indirect character and took place 
on the pastures via water and soil contaminated with urine of infected badger. A further 
support for this finding came from DNA comparative analysis of M. bovis strains isolated 
from cattle and badger that revealed a genetic similarity (Cheeseman et al. 1981, Costello et 
al. 2006). What is important, in Great Britain badgers are the main wildlife reservoir for bTB 
and there are different badger control strategies for reducing bTB in cattle (ex. culling, 
vaccination)(defra.gov.uk). During 1992-2001 cases of tuberculosis were reported in 
buffaloes of the Kruger National Park, South Africa (De Vos et al.2001, Miller et al. 1997). 
Further epidemiological and molecular studies pointed at wild felids to play an important 
role in spreading the bacilli (De Vos et al.2001). 

Tuberculosis can have a chronic or rapidly progressive course. In free-ranging animals it is 
very often diagnosed after the onset of the typical clinical signs. This fact favours a 
prolonged period of the disease transmission.  

The implementation of numerous cattle tuberculosis control programs have efficiently 
decreased the number of mycobacteria – infected animals to the level below 0.5%. Hence 
there are now countries, including Poland, regarded as free from bTB (WHO Report 2006). 
The presence of the disease in free-ranging wildlife in the Bieszczady region is a 
considerable threat to cattle and can lead to the loss of officially bTB free status of the region. 

Epidemiological situation of Great Britain and New Zealand clearly demonstrates that the 
natural reservoir of M. bovis circulating in wildlife impedes the efficient eradication of 
tuberculosis in farm animals, especially in cattle. Numerous studies have concluded that the 
prevalence of tuberculosis in free-ranging animals is related to cases of tuberculosis in cattle 
(Bengis et al.2002,  De Lisle et al. 2001, Gallagher et al. 2000, Mathews 2006, Nishi et al.2006).  

According to the study bTB is endemic in the herds of free-ranging European bison of 
Bieszczady Mountains.  The transmission of M. bovis  probably originated from the infected 
cattle. Despite the actions taken in order to eliminate infections, new cases of bTB in European 
bison are still being reported. Last two cases are quite recent (2011) and they legitimate further 
studies on the spread of tuberculosis also in many wildlife species, also from the orders 
Carnivora (wolf - Canis lupus, red fox - Vulpes vulpes, badger – Meles meles) and Rodentia. 

M. bovis has been isolated from many free-ranging animals worldwide (Aranaz et al. 2004, 
Delahay et al. 2007). First world reports on tuberculosis in wildlife related to the kudu 
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antelope in South Africa (Griffith 1929). Since then the disease have been observed in other 
species inhabiting different countries for example: the red deer, elks and coyotes from Texas 
(Perumaalla et al. 1996),  red deer, elks, lynxes and hares from Spain (Aranaz et al. 2004), the 
African buffalo from  Southern Africa (De Vos et al. 2001, Michel et al. 2006) and the bison 
from Canada (Schmit et al. 2002). Tuberculosis was also found in the baboon, lion, panther 
and cheetah (Michel et al. 2006). In Poland tuberculosis in wildlife was described for the first 
time in roe deer in the Gdańsk district (Czarnowski 1956). Later research showed quite 
frequent occurrence of Mycobacterium infection in the zoo animals (Dąbrowski 1974, 
Żurawski et al. 1980) 

Tuberculosis, one of the oldest recognized disease in humans and animals, still remains a 
serious health hazard. It is estimated that one third of the human world population is 
infected with TB. The number of the strains showing a multi-drug resistance is still 
increasing (Augustynowicz-Kopeć et al. 2009). Human tuberculosis due to M. bovis has 
become very rare in countries with pasteurized milk and bovine tuberculosis eradication 
programs. In the region of Bieszczady Mountains there had been over 100 outbreaks of 
tuberculosis noted in humans over last 20 years. Mycobacterium tuberculosis complex was 
described as a causative agent of infections. Further procedures of mycobacteria 
identification were not performed. Cases of infections with M. bovis  in cattle are also more 
numerous here as compared to any other regions of Poland. For this reason, there was a 
time when the bovine tuberculin tests were performed on some area every year (normally 
when the area is considered a tuberculosis free, the law stipulates a three-year interval 
between obligatory tuberculin tests). The analysis of epidemiological background of 
tuberculosis in the region revealed that the role of M. bovis in spreading the disease among 
people is underestimated. 

Bovine tuberculosis can only be eradicated by controlling M. bovis  infection in both wildlife 
and domestic animals. Otherwise cattle herds can be continually re-infected. The persistence 
of bovine tuberculosis in wildlife and the subsequent spread to farmed animals has 
stimulated research into new methods for controlling the disease in wildlife as well as cattle. 
A promising option for control of M. bovis infection in wildlife in the longer term is the 
development of a tuberculosis vaccine for wildlife and oral bait vaccines are the most 
practical means of delivering vaccines to wildlife. M. bovis bacilli Calmette-Guerin (BCG) is 
the world’s most widely used human vaccine (intradermal vaccination). BCG is a live 
attenuated strain of M. bovis and was originally derived from a cow with tuberculous 
mastitis (Aldwell et al. 2003). Oral BCG vaccination of wildlife reservoirs of bTB is being 
extensively researched for application in many countries, including New Zealand (brushtail 
possum), Great Britain, Ireland (badger), United States (white-tailed deer) and South Africa 
(African buffalo) (Nol et al. 2008). Nol and all 2008. indicate that oral BCG Danish 1331 is 
effective in protecting white-tailed deer against disease caused by experimental M. bovis 
infection. Orally vaccinated deer had fewer tuberculosis lesion. The results of the present 
experiment indicate that white-tailed deer can be vaccinated orally using BCG incorporated 
in a lipid-formulated bait. This oral bait has successfully induced protection against M. bovis 
and M. tuberculosis infection in a number of species, including laboratory mice (Aldwell et 
al., 2003), brushtail possum (Trichosurus vulpecula; Aldwell et al., 2003a) and domestic cattle 
(Buddle et al., 2005). White-tailed deer are a good candidate for oral vaccination programs to 
control bovine tuberculosis in the field (Nol et al. 2008). Trial with oral BCG vaccination in 
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European bison in Bieszczady Mountains should  also be undertaken (evaluation of vaccine 
efficacy by microbiological and molecular examination – samples from characteristic 
pathological lesions; gamma interferon and lymphocyte proliferation tests, ELISA – blood 
samples). Oral administration of vaccines has a number of advantages including ease of 
administration, low cost, and the avoidance of needles. Furthermore, oral immunization 
more effectively targets the mucosal immune response. Oral bait vaccines have been 
successfully used to prevent rabies in foxes and other wildlife carriers (Schneider 1995).  

It is necessary to remind that the European bison (Bison bison) is the largest terrestrial 
mammal in Europe (Fig. 5.). Long since being exterminated, it has been eventually returned 
to the wild. Considering health threats to European bison, the fact that those alive today 
descent from just 12 individuals (5 males and 7 females) survived in zoos and animal parks 
should be taken into account. Limited genetic variability characterizes all the European 
bison living now. That may lead to the appearance of genetic defects, less-flexibility and 
tolerance to unfavorable environmental changes, or a lowering of resistance and consequent 
vulnerability to disease. The threats to the European bison not only concern infectious 
disease, but also genetically derived problems such as testicular anomalies and 
environmental limitation like lack of opportunity for migration between isolated 
populations, limitations on food resources, competition with other ungulates (Krasińska et 
al. 2007). There are 5 free-ranging population of European bison in Poland, four in the east 
of the country and one in the north-west. The total number of bison present in the wild is 
about 750 individuals. The largest population is in Białowieża Forest, about 370 individuals.  
Bieszczady Mountains are the only place in Poland where bison of the Białowieża-Caucasian 
Line are present, about 300 individuals. Unfortunately, a serious threat to this population is 
posed by the tuberculosis. 

 
Fig. 5. European bison (Bison bison) is the largest terrestrial mammal in Europe. 
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Bieszczady Mountains is one of the most valuable Polish mainstays for many species. It 
houses about 230 species of vertebrates, including protected animals as European bison, the 
wolf, brown bear, lynx and badger. 
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Bieszczady Mountains is one of the most valuable Polish mainstays for many species. It 
houses about 230 species of vertebrates, including protected animals as European bison, the 
wolf, brown bear, lynx and badger. 
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1. Introduction 
1.1 Definition 

Anthrax is a non-contagious infectious disease hitting a high range of animal species 
including humans, although the animals that are most susceptible are domestic and wild 
ruminants. The bacterial agent is Bacillus anthracis whose main characteristic is to form 
spores that can survive outdoors for several decades. Anthrax in susceptible animals 
generally has a fatal evolution characterised by sudden deadly bleeding from natural 
openings. In humans, the disease develops in three forms depending on the route of 
penetration of the bacterium: cutaneous (non-fatal), pulmonary and gastrointestinal. 
Recently a fatal form was reported characterised by a subacute evolution in drug users as a 
result of injection of drugs contaminated with anthrax spores. Due to its high capacity to 
maintain its viability and pathogenicity and for low cost production, B. anthracis is 
considered one of the pathogen agents of greatest interest for use as a bacteriological 
weapon in bioterroristic attack. 

1.2 History 

Anthrax is a disease known since ancient times. Probably the first record of the disease can 
be found in the Bible in the Book of Exodus Chapter 7-9. It is thought that the V plague that 
struck Egyptian people is a disease that has clinical features very similar to anthrax. Another 
allusion to a disease very similar to anthrax is made by Homer in the Iliad when he speaks 
of a "burning wind of plague". Then Hippocrates (5th century B.C.), using the Greek word 
for "coal", defined a disease characterised by skin dark lesions and fluid blood. 

But it is the Roman poet Virgil in his Georgics who described anthrax in detail and for the 
first time hypothesized on the transmission from animals to humans, suggesting attention to 
the ongoing slaughter of animals with the disease. 

Anthrax has been for a long time the main and most feared disease among animals and the 
epizootics of anthrax have been responsible for real massacres of animals up to the 19th 
century. A serious outbreak in the mid-18th century seems to have destroyed half of the 
entire population of sheep in Europe. Chaber in 1780 described in detail the disease in 
animals and over the same period Barthelemy showed the transmission in healthy animals 
by the inoculation of infected blood. The appearance of zoonotic anthrax had been widely 
highlighted by the fact that human cases of this disease increased during the epidemic 
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among animals. Maret and Fournier in 1769 studied this aspect of the disease due to the fact 
that people who came into contact with sick animals often developed skin ulcers, which if 
not properly treated could lead to a fatal septicaemia. Pulmonary anthrax had long been 
known, especially as the “wool-sorter disease”. If untreated, it rapidly leads to death. As for 
gastro-intestinal anthrax, due to consumption of meat from diseased animals, it caused 
considerable human fatalities simultaneous with anthrax epidemics in animals. Thus, for 
instance, in 1613, the disease caused 60,000 human fatalities in Southern Europe (Schwartz, 
2009). In 1958, the WHO estimated the annual incidence of human cases of anthrax 
worldwide to be between 20,000 and 100,000. 

Anthrax is not only a disease of the past. It is still with us today, not only as a potential 
weapon for bioterrorists. 

In developed countries, due to the application of adequate prophylactic measures, it is 
sporadic. In contrast, in developing countries, anthrax may still represents a major problem, 
for animals as well as for human (Hugh-Jones, 1999; Hugh-Jones & Blackburn, 2009). A 
massive outbreak occurred in Zimbabwe during the period 1978–1980, which caused 9,711 
human cases with 151 deaths (WHO, quoted by Turnbull). More recent examples are the 
epidemics in Kyrgyzstan and Zimbabwe. In the former, large but unknown numbers of 
animal cases were accompanied by at least 50 human cases in 2008. In Zimbabwe, in 2008, 
anthrax added its toll to the severe epidemic of cholera in a totally disorganised country 
where actual numbers of disease victims are difficult to ascertain; WHO reported some 200 
human cases with eight confirmed deaths. In Bangladesh in 2010 there were 104 animal 
cases of anthrax and 607 associated human cases from contact with contaminated meat from 
sick livestock (Fasanella et al., 2011).   

2. Characteristic of Bacillus anthracis 
2.1 Aspect 

B. anthracis belongs to the family of Bacillaceae and has a rod-shape (long 3 - 6 μ and wide 1 
- 1.5 μ). It is motionless and aerobic. Often there are different elements assembled in a chain. 
In preparations fixed and stained the extremities appear at right angles or enlarged and the 
surface of contact between the individual elements is concave, similar to the epiphysis of a 
bone, and that gives them a particular look similar to "bamboo canes" ( fig. 1). Bacilli in the 
animal organism are surrounded by a clear capsule that is usually lacking in culture media 
and is considered as a defence by the forces of the germ-bacterial organism. Sometimes the 
B. anthracis undergoes lysis phenomena: the capsules are intact while the inside contains 
only remains of the bacillary body, some are completely empty capsules (shadows). This is 
especially true in the material in the process of putrefaction. Outside the body and with 
temperatures between 14°C and 42°C (optimum between 21°C and 37°C) B. anthracis will 
sporulate. The spores are oval and are released after lysis of the bacterium. Sporulation is 
completed within 48 hours, but it does not happen in the presence of high concentrations of 
CO2, a condition that occurs in infected putrefacting carcasses. 

2.2 Staining 

B. anthracis is coloured with all the aniline dyes. It is Gram-positive. In blood or organ 
smears stained with methylene blue Löffer, the bacillary body is coloured in blue and purple 
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capsule (sometimes only purple spots are observed, probably due to the material of the 
capsule: reaction of Mc. Fadyean). 

 
Fig. 1. Gram stain of Bacillus anthracis vegetative form from a colony growth on agar TSP 5% 
sheep blood.  It is evident the typical bamboo-shaped filaments 

2.3 Cultivation 

B. anthracis grows well on ordinary culture media under aerobic or microaerofilia, at 
temperatures between 12°C and 44°C, but optimal growth occurs around 37°C and at a pH 
of 7.0 to 7.4. In tryptose broth there is a flocculation and then it forms a silky deposit. 
Colonies on plates form a magnificent plot called caput medusae (phase R or rough) ( fig. 2). 
For this reason is generally believed that the R phase of B. anthracis is the normal and 
virulent one, while the attenuated (vaccine germs) grow mostly in S phase. This would be an 
exception, as with other microbial species S phase is the normal and virulent phase. But it 
seems that the physiological condition for the growth of anthrax bacilli, including the 
presence of carbon dioxide concentration of at least 5% (which occurs in the alveoli), permits  

 
Fig. 2. Colony of Bacillus anthracis growth on TSP agar 5% sheep blood 
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the germs to grow in an S virulent phase (mucosal aspect of colonies). Probably the growth 
in the R phase, which occurs in an ordinary atmosphere, would be a temporary 
phenomenon of adaptation. 

2.4 Resistance 

Vegetative forms are not very robust and they are inactivated within 30 minutes at 60°C -
65°C (Turnbull, 1998), but its spores are very resistant. The action of direct sunlight is 
significant as ultraviolet rays will inactivate them in a few hours, however the spores that 
live a few inches deep in the soil will remain active for years. In fertiliser prepared so that 
the temperature reaches over 60°C (aerated compost, rich in horse faeces) spores are killed 
in a few days. In the cold and salting samples spores resist for a long time: frozen meat and 
skins remain virulent for years and the same is true for dried skins. The spores are 
destroyed only after ten minutes of boiling temperatures, they are destroyed in 20 minutes 
in an autoclave set at 121°C. The normal fixation techniques do not kill the spores, which 
can successfully germinate even after many years, so it is necessary to flame slides several 
times before assuming the spores are dead. The spores are sensitive to 2%-3% formaldehyde 
solutions at 40°C for 20 minutes or 0.25% at 60°C for six hours or at 4% after a contact of at 
least two hours. The spores are destroyed by 5% phenol and mercury chloride, and 1% 
solutions of caustic soda and potash.  

3. Ecology of anthrax 
Anthrax spores survive best in soils rich in organic matter and calcium. In the Kruger 
National Park (Africa) B. anthracis spores have been isolated from animal bones estimated to 
be about 200 years old (Smith et al., 2000). Saile and Koehler (2006) have demonstrated that 
spores will germinate and establish stable populations of vegetative cells in the rhizosphere 
of fescue (Festuca arundinacea) grass in the laboratory in an otherwise sterile environment. In 
natural circumstances the vegetative cells are fragile and die even in simple environments, 
such as water or milk ( Turnbull et al., 1989). In conclusion it seems that soil encourages 
sporulation, not germination, and this would explain why vegetative bacilli are not found in 
nature. Van Ness (1971) defined the “incubator areas” as depressions which collect water, 
dead vegetation, calcium and other salts washed in from the surrounding slightly higher 
ground and thus provide a medium suitable for germination and multiplication. However, 
this hypothesis was never confirmed by scientific study. It has been proposed that rainy 
water may collect and concentrate spores in ‘storage areas’ (Dragon & Renie, 1995). Spores 
have a high surface hydrophobicity and so could be carried during a rain runoff in clumps 
of humus and organic matter to collect and concentrate in standing pools or puddles. As 
they have a high buoyant density, this would result in them and their organic matter clumps 
remaining suspended in the standing water to be further concentrated as the water 
evaporated. Thus theoretically ‘storage areas’ may collect more spores from extended areas 
to reach increasing spore concentrations over time and be lethally available to potential 
incidental grazing hosts. Most B. anthracis is held in the ground as spores until the ideal 
conditions are created for its reproductive cycle that occurs in a different habitat, primarily 
domestic and wild ruminants. Nature provides few opportunities to the bacterium for its 
replicative cycle and the development of an exceptional pathogenicity is the effective 
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strategy aimed to significantly increase the probability of success against the host’s immune 
mechanisms. Rapid intense multiplication by the vegetative cells quickly takes the host to 
death. Although many of the new generations of bacteria will be neutralised by putrefactive 
processes, a good part survives and spreads into the surrounding soil as spores, ensuring 
the standard of environmental density of the bacteria that is an essential condition for the 
continuation of the species. In summary, the few cases of anthrax that occur each year are 
merely the result of a natural ecological balance that seeks through these extraordinary 
events simply to promote the maintenance of a bacterial species that otherwise would have 
been extinguished some time ago. It is widely believed that the vegetative forms of B. 
anthracis tend to sporulate when exposed to oxygen. Under these assumptions it is assumed 
that in an intact carcass putrefactive processes should destroy almost all bacteria in a period 
of time ranging from 48 to 72 hours (Stein, 1947a). But rarely in nature are carcasses of dead 
animals left undisturbed by scavengers. Spores will survive passage through the scavenger’s 
intestinal tract, but vegetative cells will not. Anthrax spores were recovered from 
approximately half of the faeces from jackals (Canis mesomelas), vultures (Gyps africanus, 
Torgos tracheliotus, Trigonoceps occipitalis) and hyaenas (Crocuta crocuta) collected in the 
vicinity of carcasses in the Etosha National Park, but not at a distance; the faecal spore 
density was extremely variable (Lindeque and Turnbull, 1994). Insects, primarily necrophilic 
and haemophagic flies, have been associated in the spreading of anthrax spores. Fasanella et 
al. (2010) demonstrated that, under experimental condition, Musca domestica can spread the 
bacterium and additionally that B. anthracis is able to germinate within their intestines.  

4. Toxic factors of B. anthracis 
The pathogenic action of B. anthracis is closely linked to the following two plasmids: 

 pXO1, 182 Kb, which contains the genes encoding the three anthrax protein factors: the 
oedema factor (EF), the lethal factor (LF) and the protective antigen (PA); 

 pXO2, 96 Kb, which contains the genes encoding the biosynthesis of the capsule 
(Uchida et al., 1997).  

The results of a study demonstrated that B. anthracis virulence is related to clonality (as 
indicated by MLVA genotype cluster) and pXO1 and pXO2 copy number (Cocker et al., 2003).  

The capsule is a linear polymer of D-glutamic acid which plays an important role in the 
ability of anthrax to resist phagocytosis by macrophages. The exact mechanism by which 
this occurs, however, is still unknown. In contrast, the three protein factors have been, and 
still are, the object of much attention. Interestingly, the idea that the bacterium could secrete 
a molecule involved in pathogenesis was mentioned by Pasteur as early as 1877. Pasteur 
noted that filtrates prepared from the blood of diseased animals induced the agglutination 
of red cells in blood from healthy animals. Smith and his associates showed the complex to 
be composed of the three protein factors mentioned above: PA (83 kDa), EF (89 kDa) and LF 
(90 kDa). Independently, these three factors are innocuous. Intravenous injection of PA + LF, 
however, provokes death, whereas intradermal injection of PA + EF produces oedema in the 
skin. In the early 1990s, Singh et al. discovered that PA was the component involved in the 
specific binding of LF and EF to the target cell, as well as in the transport of these virulence 
factors into the cell (Singh et al., 1991). 
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Contrary to earlier studies suggesting that the toxins were responsible for death (Keppie et 
al., 1955; Smith et al., 1955), recent research indicates that their primary targets are cells of 
innate immunity that would otherwise impair anthrax multiplication (Tournier et al., 2009) . 
They do so by altering the cyclic adenosine monophosphate (c-AMP) and mitogen-activated 
protein kinase (MAPK) signalling pathways essential for the activation of immune cells. In 
brief, the two anthrax toxins derive from the combination of three different proteins: PA, EF 
and LF. PA binds to two cell surface receptors, the tumour endothelium marker 8 (TEM8) 
and the capillary morphogenesis protein 2 (CMG2), both of which are widely expressed on 
many cell types, including immune cells (Collier & Young, 2003; Scobie & Young, 2005). The 
proteolytic release of the C-terminal domain (20 kDa) of PA results in spontaneous 
oligomerisation of truncated PA (PA63) into heptamers, which bind EF and LF. The 
(PA63)7–EF and the (PA63)7–LF complexes enter rafts and – after endocytotic uptake – are 
transported to late endosomes, whose low pH induces a conformational change of the 
complex, with the insertion of a part of PA into the membrane and the translocation of EF 
and LF into the cytosol. EF is a calmodulin-dependent adenylate cyclase (Leppla, 1982) 
which creates a gradient of cAMP with a high concentration in the perinuclear area, whilst 
LF is a metalloprotease which cleaves most isoforms of MAPKKs (MEKs) throughout the 
cytosol (Vitale et al., 2000). This does not exclude the possibility that it may act on other 
cytosolic proteins as well, a possibility raised in recent reports suggesting that LF acts on the 
inflammasome (Boyden & Dietrich, 2006; Muehlbauer et al., 2007). MEKs are part of a major 
signalling pathway linking the activation of membrane receptors to the transcription of 
several genes, including those encoding pro-inflammatory cytokines and other proteins 
involved in the immune response. 

5. Epidemiology 
Knowledge of the disease, the agent, the transmission, the development of a vaccine and 
especially understanding that a relevant rule in the control of anthrax is the removing of 
infected carcasses from the environment to reduce the process of spore production, has 
contributed to the almost complete disappearance of anthrax.  

In agricultural areas of industrialised and rich countries, the sporadic outbreaks of anthrax 
still tend to occur where in the past infected animals were buried or leather industry waste 
was collected. More frequently, outbreaks are reported that develop as a consequence of the 
introduction of contaminated feed. Probably the most serious incident occurred in 1923 in 
South Africa where in one year it killed between 30,000 and 60,000 animals (Sterne, 1967). 
Though worldwide it is now an uncommon disease in much of Western Europe, Northern 
America and Australia, with exceptions in endemic foci in wild fauna in the African national 
parks (Hugh-Jones, 1999). In Canada it is enzootic in specific locations in the North-West 
Territories (Slave River Flats) and Alberta (Wood Bison National Park) (Nischi et al., 2002), 
and has the potential if control is relaxed to form epidemics in the Canadian Prairie 
provinces, while in the US. the disease is a persistent threat in Eastern North and South 
Dakota and North-West Minnesota, is enzootic in South-West Texas (Hugh-Jones, 1999) and 
suddenly ‘appeared’ in 2008 in South-West Montana where it had not been recorded . In 
Australia, anthrax is sporadic, although a sudden and severe epidemic occurred in Northern 
Victoria in 1997 (Turner et al., 1999). In Europe, the major enzootic areas are Greece, Spain, 
Turkey, Albania, France and Southern Italy (Fouet et al., 2002; Fasanella et al., 2005), but 
essentially absent from Northern Europe. 
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While the incidence is generally falling worldwide, it persists in certain countries; for 
example it is hyper-enzootic in Haiti and still enzootic in Bolivia, Mexico and Peru. This 
follows from ineffective control programmes. In contrast, vaccination programmes in Belize, 
Nicaragua and Chile have resulted in good control. It is still absent from the Guianas. In 
Russia and in countries of the former Soviet Union, lack of effective control programmes is 
evidenced by the high percentage of human cases, reflecting the inadequacies of both the 
public health systems and the veterinary services (Hugh-Jones, 1999). In Asia, anthrax is 
widespread in the Philippines, South Korea, Eastern India and in mountainous zones of 
Western China and Mongolia; porcine anthrax is frequently reported in the highlands of 
Papua New Guinea. Africa remains severely afflicted, with major epidemic areas in wildlife 
areas such as Queen Elizabeth National Park (Uganda), Mago National Park Omo 
(Ethiopia), Selous National Reserve (Tanzania), Luangwa Valley (Zambia), Etosha National 
Park (Namibia), Kgalagadi Transfrontier Park (Botswana and South Africa) and Vaalbos and 
Kruger National Parks (South Africa) (Ebedes, 1976; Turnbull et al., 1991; Hugh-Jones and 
de Vos, 2002). An anthrax-like disease has been found in wild primates living in tropical 
rainforests, a habitat not previously known to harbour B. anthracis (Leendertz et al., 2004) 
and characterised by an unusually high number of sudden deaths observed over nine 
months in three communities of wild chimpanzees (Pan troglodytes resus) in the Tai National 
Park, Ivory Coast. However, Bacillus strains associated with this outbreak were toxigenic B. 
cereus and not typical B. anthracis.  

6. Receptive animals 
Under natural conditions the animals that are more susceptible to anthrax are ruminants, 
both domestic (cattle, buffalo, sheep, goats, camels, etc.) and wild (deer, roe deer, elephant, 
etc.). Horses are also receptive and pigs to a lesser extent. 

Horses in natural conditions are less receptive to anthrax than cattle when the infection is 
transmitted via food, probably because they are monogastric and the spores ingested with 
food are quickly neutralised by the acid chloride present in the stomach. In cattle, however, 
before arriving in the stomach the spores make a long trip and this favours their 
implantation. On the contrary in anthrax infection transmitted through the skin, horses 
seem to be more sensitive because in the past, when the Pasteur vaccines were used, 
vaccination accidents were more frequent in the horse compared to ruminants. In anthrax 
outbreaks, because of the activity of biting flies, the value of horses affected/horse 
population is higher than the value of ruminants affected/ruminant population. 

Carnivores are sick only exceptionally while birds are refractory. 

Humans contract the infection almost always from infected products of animal origin.  

7. Transmission  
Anthrax ordinarily is a disease characterised by indirect transmission by means of materials 
(feed, straw, water, etc.) that have been polluted with spores. 

As for the great resistance of the spores, polluting materials retain their infectivity for 
several years. It follows that in the pastures where dead animals or their residues have been 
abandoned the spores are durable and new infections happen when other animals graze or 
eat forages coming from these fields (telluric origin).  
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However, if the carcass was buried at shallow depth, the spores of anthrax can easily be 
brought to the surface of the ground thanks to an elevation of the waterbed and by 
movement of the earth due to the activity of earthworms and snails. 

Another danger of infection is given to waste waters of tanneries where skins of infected 
animals are worked. This water often ends up in the irrigation canals and when the water 
flows out very slowly (e.g. stagnant) it leaves anthrax spores and other material on the 
vegetation. The import of food, wool, bristles, etc. from high risk anthrax areas are 
frequently the cause of the spread of infection. The infection can also be spread by animals, 
being naturally resistant to infection, that distribute anthrax spores in the faeces ingested 
with the food. Additionally, in cases of carnivores (dogs, foxes, vultures) that eat infected 
meat, outbreaks of anthrax have spread to distant points. 

Laboratory studies have shown, using mouse and guinea pig models, that stable flies 
Stomoxys calcitrans and Aedes aegypti and Aedes taeniorhyncus mosquitoes are able to transmit 
the infection. The percentage of transmission is very low (about 17% in the flies and 12% in 
the mosquitoes), but it is suspected that when the insect population density is high, they 
could be an important vehicle in the spread of the disease (Turell and Knudson, 1987). The 
role of tabanid Haematobia irritans in the spread of the disease was confirmed in two old 
scientific papers (Mitzmain, 1914; Morris, 1918). Recently Blackburn et al. (2010) isolated B. 
anthracis from flesh-eating flies and demonstrated the importance of these kinds of insects 
with a wildlife anthrax outbreak in North America and the potential role in anthrax 
epizootics. Moreover, the hypothesis that blood-sucking insects such as tabanids (gadflies or 
horse-flies) can play an important role in spreading diseases among livestock and other 
animals is widely accepted (Krinsky, 1976) (fig. 3).  

 
Fig. 3. Circulation of anthrax by means of horseflies (drawing by Gabriella Abbatangelo) 

Anthrax human infection is rare in developed countries. However, recent outbreaks in the 
US and Europe, and potential use of the bacteria for bioterrorism have focused interest on it. 
Furthermore, while anthrax was known to typically occur as one of three syndromes related 
to the site of entry (i.e. cutaneous, gastrointestinal or inhalational), a fourth syndrome 
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including severe soft tissue infection in injectional drug users is emerging. However, the 
2010 anthrax epidemic in Bangladesh, where 607 associated human cases were registered 
from contact with contaminated meat from sick livestock, underlined that anthrax has the 
potential to be a serious zoonotic disease in low income countries where there are few 
resources for an optimal infectious diseases control system in humans or livestock. It 
underscored the high risk to humans when exposed to infected animals through 
slaughtering and butchering. 

8. Pathogenesis  
The most common way of penetration by spores is via the digestive system after the 
ingestion of spore contaminated feed, forages and water. The ports of entry are micro-
wounds that can be found in the mucous membranes of the mouth, pharynx and along the 
entire gastrointestinal tract. The infection can also occur through skin abrasions or skin 
lesions that may be caused by haematophagous insects (e.g. biting flies) acting as passive 
carriers or biological vectors. Although less frequent, spread is possible through the 
inhalation of dust containing spores. The severity of the disease depends on the sensitivity 
of the host, on the infectious dose and on the route of penetration. Regardless of the route of 
penetration, it is considered that the spores of B. anthracis are carried by macrophages from 
the initial site of entry to the draining lymph nodes. The spores germinate, giving rise to 
vegetative forms that are capable of producing the main virulence factors: toxins and 
capsule. 

Whatever the route of infection, it is believed that B. anthracis spores are transported by 
macrophages from the original site of introduction to draining lymph nodes and then enter 
the blood stream where they continue to rapidly multiply. The pathogenicity of B. anthracis 
depends on the quality of the capsular coat and the amounts of toxins produced (Coker et 
al., 2003; Shoop et al., 2005) and on the sensitivity of the host species (Smith, 1973). In Fischer 
344 rats, the injection of the toxin causes death in about 30 minutes and a severe pulmonary 
oedema can be seen. Rabbits experimentally infected with B. anthracis show respiratory 
symptomatology due to the intense action of the oedematous toxin on the lung. The leakage 
of blood from the nose is always just before or just after the death of the animal (personal 
observations). 

9. Anthrax in animals 
The incubation period of the disease under natural conditions varies from one to 14 days, 
but usually three to five days. 

9.1 Ruminants  

In cattle, the symptom picture is quite variable. Some animals suddenly fall down and die in 
few minutes, without having presented any symptoms ( fig. 4). Other times the death occurs 
after one to two days (rarely three to five) and the disease is characterised by the following 
symptoms: rapid pulse and respirations, anorexia, decrease or cessation of milk secretion, 
cyanotic mucous membranes, colic, outflow bleeding from the body's natural openings and 
oedematous swelling under the skin (especially in the neck, chest and belly). 



 
Zoonosis 118 

However, if the carcass was buried at shallow depth, the spores of anthrax can easily be 
brought to the surface of the ground thanks to an elevation of the waterbed and by 
movement of the earth due to the activity of earthworms and snails. 

Another danger of infection is given to waste waters of tanneries where skins of infected 
animals are worked. This water often ends up in the irrigation canals and when the water 
flows out very slowly (e.g. stagnant) it leaves anthrax spores and other material on the 
vegetation. The import of food, wool, bristles, etc. from high risk anthrax areas are 
frequently the cause of the spread of infection. The infection can also be spread by animals, 
being naturally resistant to infection, that distribute anthrax spores in the faeces ingested 
with the food. Additionally, in cases of carnivores (dogs, foxes, vultures) that eat infected 
meat, outbreaks of anthrax have spread to distant points. 

Laboratory studies have shown, using mouse and guinea pig models, that stable flies 
Stomoxys calcitrans and Aedes aegypti and Aedes taeniorhyncus mosquitoes are able to transmit 
the infection. The percentage of transmission is very low (about 17% in the flies and 12% in 
the mosquitoes), but it is suspected that when the insect population density is high, they 
could be an important vehicle in the spread of the disease (Turell and Knudson, 1987). The 
role of tabanid Haematobia irritans in the spread of the disease was confirmed in two old 
scientific papers (Mitzmain, 1914; Morris, 1918). Recently Blackburn et al. (2010) isolated B. 
anthracis from flesh-eating flies and demonstrated the importance of these kinds of insects 
with a wildlife anthrax outbreak in North America and the potential role in anthrax 
epizootics. Moreover, the hypothesis that blood-sucking insects such as tabanids (gadflies or 
horse-flies) can play an important role in spreading diseases among livestock and other 
animals is widely accepted (Krinsky, 1976) (fig. 3).  

 
Fig. 3. Circulation of anthrax by means of horseflies (drawing by Gabriella Abbatangelo) 

Anthrax human infection is rare in developed countries. However, recent outbreaks in the 
US and Europe, and potential use of the bacteria for bioterrorism have focused interest on it. 
Furthermore, while anthrax was known to typically occur as one of three syndromes related 
to the site of entry (i.e. cutaneous, gastrointestinal or inhalational), a fourth syndrome 

 
Anthrax 119 

including severe soft tissue infection in injectional drug users is emerging. However, the 
2010 anthrax epidemic in Bangladesh, where 607 associated human cases were registered 
from contact with contaminated meat from sick livestock, underlined that anthrax has the 
potential to be a serious zoonotic disease in low income countries where there are few 
resources for an optimal infectious diseases control system in humans or livestock. It 
underscored the high risk to humans when exposed to infected animals through 
slaughtering and butchering. 

8. Pathogenesis  
The most common way of penetration by spores is via the digestive system after the 
ingestion of spore contaminated feed, forages and water. The ports of entry are micro-
wounds that can be found in the mucous membranes of the mouth, pharynx and along the 
entire gastrointestinal tract. The infection can also occur through skin abrasions or skin 
lesions that may be caused by haematophagous insects (e.g. biting flies) acting as passive 
carriers or biological vectors. Although less frequent, spread is possible through the 
inhalation of dust containing spores. The severity of the disease depends on the sensitivity 
of the host, on the infectious dose and on the route of penetration. Regardless of the route of 
penetration, it is considered that the spores of B. anthracis are carried by macrophages from 
the initial site of entry to the draining lymph nodes. The spores germinate, giving rise to 
vegetative forms that are capable of producing the main virulence factors: toxins and 
capsule. 

Whatever the route of infection, it is believed that B. anthracis spores are transported by 
macrophages from the original site of introduction to draining lymph nodes and then enter 
the blood stream where they continue to rapidly multiply. The pathogenicity of B. anthracis 
depends on the quality of the capsular coat and the amounts of toxins produced (Coker et 
al., 2003; Shoop et al., 2005) and on the sensitivity of the host species (Smith, 1973). In Fischer 
344 rats, the injection of the toxin causes death in about 30 minutes and a severe pulmonary 
oedema can be seen. Rabbits experimentally infected with B. anthracis show respiratory 
symptomatology due to the intense action of the oedematous toxin on the lung. The leakage 
of blood from the nose is always just before or just after the death of the animal (personal 
observations). 

9. Anthrax in animals 
The incubation period of the disease under natural conditions varies from one to 14 days, 
but usually three to five days. 

9.1 Ruminants  

In cattle, the symptom picture is quite variable. Some animals suddenly fall down and die in 
few minutes, without having presented any symptoms ( fig. 4). Other times the death occurs 
after one to two days (rarely three to five) and the disease is characterised by the following 
symptoms: rapid pulse and respirations, anorexia, decrease or cessation of milk secretion, 
cyanotic mucous membranes, colic, outflow bleeding from the body's natural openings and 
oedematous swelling under the skin (especially in the neck, chest and belly). 
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Fig. 4. Hyperacute form of anthrax in cattle 

These events are always accompanied by high fever (41°C and beyond) that tends to settle 
very early. In farms with active outbreaks it is possible detect the sick animals by measuring 
body temperature before clinical symptoms appear. In sheep and goats most of the time 
evolution is hyperacute. The animals are suddenly struck by dizziness, staggering, falling to 
the ground and die in a few minutes with leakage of blood from the body's natural openings. 

In ruminants the disease is characterised by splenomegaly, bleeding and diffuse oedema 
predominantly in the connective tissues (Marcato, 1981). The carcass rapidly decomposes 
and swells (de Vos, 1994); rigor mortis is incomplete and blood is dark red, uncoagulable and 
sometimes extravasates via natural openings (nostrils, mouth, anus, vulva). The blood clots 
are gelatinous because the normal blood coagulation processes are altered. This is 
accompanied by cyanosis and apparent mucosal bleeding, a gelatinous infiltration of the 
subcutaneous connective tissue and congestion of the serosa, often with haemorrhagic 
petechiae (Contini, 1995), which collect a blood coloured liquid, particularly in the 
peritoneum, pleura and pericardium. But haemorrhages can be found throughout the 
internal organs. Sometimes small quantities of serum sweat from tissues of the neck and 
inguinal regions (Marcato, 1981). There may also be blood mixed with urine in the bladder 
(Contini, 1995). The organ with the greatest changes is the spleen (de Vos, 1994), which has 
congestive-haemorrhagic tumefactions in the red pulp as a result of septicaemia. There is a 
significant increase in the volume of this organ and the capsule tense; on dissection, the pulp 
is red and black, and the white pulp hard to see (Marcato, 1981). Splenomegaly, however, is 
inconstant. The lesions may also affect the intestine; the internal mucosa is hyperaemic and 
full of punctiform haemorrhages. There are round tumefactions in the lymphoid tissue of 
the Peyer plaques that are haemorrhagic-necrotic and ulcerative. The lesions can extend to 
the mesentery. Haemorrhage and oedema may be found in relation to the pharynx, larynx 
and lungs (Contini, 1995). Sometimes there are cases of cutaneous oedema because of local 
infections (Marcato, 1981). Sheep are less resistant than cattle and therefore for them the 
disease develops faster. 
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9.2 Equines 

The clinical manifestations and the course of the disease are almost always of an acute form 
with death occurring in two to three days. The disease develops with colic syndrome and 
septicaemia associated with muscle tremors, sensory depression, a very high fever, cyanosis, 
tachypnoea and tachycardia. In horses, anthrax involves oedematous subcutaneous swelling 
of the neck, shoulders, chest, abdomen and perineum (Sterne, 1959). The cutaneous oedema 
suggests a cutaneous reaction to bites from contaminated horseflies. When there is an 
infection of the pharynx or intestine from contaminated feed or forage there is often a 
diffuse haemorrhagic ulcerative enteritis. The regional lymph nodes are red and swollen 
with yellowish areas of necrosis. Splenic lesions will be absent if the animal dies as a result 
of local reaction, without septicaemia.  

9.3 Pigs 

This species is more resistant and the disease is usually subclinical (Smith, 1973). It manifests 
as a localised swelling in the pharynx – the so-called "anthrax angina" – or in the intestine. 
There may be a profuse diarrhoea after an intestinal infection. When the lesions are severe, 
death occurs within three to seven days. It seems that the nature of the contaminated feed can 
play an important role since a fibrous abrasive feed can kill while the same spore dose in a soft 
feed will pass through the pig without apparent harm (Ferguson, 1981). With pigs, the primary 
lesions are located in the pharynx and intestine as a result of the ingestion of infected meat 
leading to the formation of the "anthrax angina". There is a haemorrhagic oedematous swelling 
of the mucosa and sub-mucosa of the pharynx and glottis, of peripharyngial tissues, and of the 
subcutaneous connective tissue of the throat and neck (Henning, 1956). It is characterised by 
diphtheric membranes on the surface and deep, haemorrhagic, necrotic, grey-yellowish grey-
brownish processes (Marcato, 1981). The regional lymph nodes – sublingual, retropharyngeal, 
sub-parotid – increase to several times their normal size. They are coloured dark red because 
of the adenopathy from the oedema, the iperemia, the haemorrhage and secondary necrosis 
(Ferguson, 1981). Anthrax pustules may form in the intestines and be localised or diffuse, with 
haemorrhagic areas of inflammation affecting the wall of the intestine and corresponding 
mesentery. Only the mesenteric lymph nodes may be affected (Henning, 1956). 

9.4 Carnivores 

These animals are fairly resistant, but if affected, they show signs of acute gastroenteritis 
and oro-pharyngitis due to ingestion of large volumes of infected meat. Usually it heals 
spontaneously. 

10. Anthrax in humans 
10.1 Cutaneous form  

More than 95% of all naturally occurring B. anthracis infections worldwide are cutaneous. 
This form of anthrax is associated with the handling of infected animals or contaminated 
items such as meat, wool, hides, leather or hair products from infected animals (Lucey, 
2005). The majority of cutaneous anthrax lesions develop in exposed areas such as the face, 
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are gelatinous because the normal blood coagulation processes are altered. This is 
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peritoneum, pleura and pericardium. But haemorrhages can be found throughout the 
internal organs. Sometimes small quantities of serum sweat from tissues of the neck and 
inguinal regions (Marcato, 1981). There may also be blood mixed with urine in the bladder 
(Contini, 1995). The organ with the greatest changes is the spleen (de Vos, 1994), which has 
congestive-haemorrhagic tumefactions in the red pulp as a result of septicaemia. There is a 
significant increase in the volume of this organ and the capsule tense; on dissection, the pulp 
is red and black, and the white pulp hard to see (Marcato, 1981). Splenomegaly, however, is 
inconstant. The lesions may also affect the intestine; the internal mucosa is hyperaemic and 
full of punctiform haemorrhages. There are round tumefactions in the lymphoid tissue of 
the Peyer plaques that are haemorrhagic-necrotic and ulcerative. The lesions can extend to 
the mesentery. Haemorrhage and oedema may be found in relation to the pharynx, larynx 
and lungs (Contini, 1995). Sometimes there are cases of cutaneous oedema because of local 
infections (Marcato, 1981). Sheep are less resistant than cattle and therefore for them the 
disease develops faster. 
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The clinical manifestations and the course of the disease are almost always of an acute form 
with death occurring in two to three days. The disease develops with colic syndrome and 
septicaemia associated with muscle tremors, sensory depression, a very high fever, cyanosis, 
tachypnoea and tachycardia. In horses, anthrax involves oedematous subcutaneous swelling 
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suggests a cutaneous reaction to bites from contaminated horseflies. When there is an 
infection of the pharynx or intestine from contaminated feed or forage there is often a 
diffuse haemorrhagic ulcerative enteritis. The regional lymph nodes are red and swollen 
with yellowish areas of necrosis. Splenic lesions will be absent if the animal dies as a result 
of local reaction, without septicaemia.  
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This species is more resistant and the disease is usually subclinical (Smith, 1973). It manifests 
as a localised swelling in the pharynx – the so-called "anthrax angina" – or in the intestine. 
There may be a profuse diarrhoea after an intestinal infection. When the lesions are severe, 
death occurs within three to seven days. It seems that the nature of the contaminated feed can 
play an important role since a fibrous abrasive feed can kill while the same spore dose in a soft 
feed will pass through the pig without apparent harm (Ferguson, 1981). With pigs, the primary 
lesions are located in the pharynx and intestine as a result of the ingestion of infected meat 
leading to the formation of the "anthrax angina". There is a haemorrhagic oedematous swelling 
of the mucosa and sub-mucosa of the pharynx and glottis, of peripharyngial tissues, and of the 
subcutaneous connective tissue of the throat and neck (Henning, 1956). It is characterised by 
diphtheric membranes on the surface and deep, haemorrhagic, necrotic, grey-yellowish grey-
brownish processes (Marcato, 1981). The regional lymph nodes – sublingual, retropharyngeal, 
sub-parotid – increase to several times their normal size. They are coloured dark red because 
of the adenopathy from the oedema, the iperemia, the haemorrhage and secondary necrosis 
(Ferguson, 1981). Anthrax pustules may form in the intestines and be localised or diffuse, with 
haemorrhagic areas of inflammation affecting the wall of the intestine and corresponding 
mesentery. Only the mesenteric lymph nodes may be affected (Henning, 1956). 

9.4 Carnivores 

These animals are fairly resistant, but if affected, they show signs of acute gastroenteritis 
and oro-pharyngitis due to ingestion of large volumes of infected meat. Usually it heals 
spontaneously. 

10. Anthrax in humans 
10.1 Cutaneous form  

More than 95% of all naturally occurring B. anthracis infections worldwide are cutaneous. 
This form of anthrax is associated with the handling of infected animals or contaminated 
items such as meat, wool, hides, leather or hair products from infected animals (Lucey, 
2005). The majority of cutaneous anthrax lesions develop in exposed areas such as the face, 
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neck, arms and hands. The lesion begins as a small, often pruritic papule that quickly 
enlarges and develops a central vesicle or bulla, which ruptures or erodes, leaving an 
underlying necrotic ulcer. Another characteristic that is firmly adherent is black eschar 
developing over the surface of the ulcer, however, the risk for person-to-person 
transmission of cutaneous anthrax is very low (Heyworth et al., 1975). The incubation 
period for cutaneous disease is reported to be five to seven days (range: one to 12 days) 
(Carucci, 2002). However, during the 1979 Sverdlovsk outbreak, cutaneous cases reportedly 
developed over up to 13 days after the aerosol release of spores (Meselsen et al., 1994) and 
an outbreak in Algeria was reported with a median incubation period of 19 days (Abdenour 
et al., 1987). 

10.2 Gastrointestinal form  

Gastrointestinal anthrax typically occurs after eating raw or undercooked contaminated 
meat, although spores consumed through any route, including spores that are inhaled and 
subsequently swallowed, can result in gastrointestinal anthrax. The intestinal form develops 
when spores infect the gastrointestinal tract epithelium after consumption of undercooked, 
contaminated meat. Signs and symptoms range from subclinical gastrointestinal 
disturbances to clinical illness with nausea and vomiting, fever, anorexia and abdominal 
pain and tenderness, and can progress to haematemesis and bloody diarrhoea. Abdominal 
distension with voluminous, haemorrhagic ascites might be present. The disease might 
progress to septicaemia and toxaemia, cyanosis, shock and death (the incubation period for 
gastrointestinal disease is estimated to be one to six days; the case-fatality ratio is unknown, 
but is estimated to range from 25% to 60% (Sirisanthana & Brown, 2002; Kanafani et al., 
2003; Ndybahinduka et al., 1984; Beatty et al., 2003).  

10.3 Pulmonary form 

Inhalation anthrax is a systemic infection caused by inhalation of B. anthracis spores. This 
form of the disease results from the inhalation of aerosolised B. anthracis spore-containing 
particles that are ≤5 microns (Druett et al., 1953). Spore-containing aerosols can be 
generated through industrial processing or work with spore-contaminated animal 
products such as wool, hair or hides; by laboratory procedures such as vortexing of 
cultures or as a result of the intentional release of aerosolised spores. Early studies of 
inhalation anthrax demonstrated that inhaled spores are phagocytosed by macrophages in 
the lungs and transported to the pulmonary-associated lymph nodes where germination 
and vegetative growth occur, followed by bacteraemia and dissemination to the rest of the 
body (Lyncoln et al., 1964; Henderson et al., 1956; Ross, 1957). Initial signs and symptoms 
of inhalation anthrax are non-specific and might include sore throat, mild fever and 
muscle aches; these symptoms might initially be mistaken for an upper respiratory 
infection (Temte & Zinkel, 2004; Lucey, 2005). Approximately two to three days later, 
infected patients generally become progressively ill as respiratory symptoms develop, 
including severe dyspnoea and hypoxaemia and the disease progresses with development 
of hypotension, diaphoresis, worsening dyspnoea, shock, cyanosis and stridor (Holty et 
al., 2006). Chest radiography often reveals the characteristic widened mediastinum 
(Jernigan et al., 2001; Lucey, 2005).  
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Case-fatality ratios of 86% and 89% were reported after the 1979 Sverdlosk outbreak in the 
former Soviet Union and in the United States during in the 20th century, respectively 
(Meselsen et al., 1994; Brachman, 1980; Brachman & Fridlander, 1994). During the 
bioterrorism events of 2001, the case-fatality ratio for patients with inhalation anthrax 
treated in intensive care units was 45% (five of 11 cases) (Jernigan et al., 2002). 

10.4 Bacteraemic dissemination and meningitis  

After infection at the primary cutaneous, gastrointestinal or inhalation site, lymphatic and 
haematogenous proliferation of anthrax bacilli can result in dissemination to other organs 
and organ systems (i.e. systemic anthrax). Massive septicaemia with 107 to 108 bacteria per 
millilitre of blood and toxaemia can develop, systemic effects, including high fever and 
shock, develop quickly and death usually follows rapidly (Dixon et al., 1999). Anthrax 
meningitis has been reported with all three clinical forms of anthrax and likely results from 
haematogenous spread across the blood-brain barrier, generally presenting as haemorrhagic 
meningitis. Anthrax meningitis is characterised by a fulminant, rapidly progressive clinical 
course; even with aggressive therapy, cases are usually fatal (Lanska, 2002; Sejvar et al., 
2005). The likelihood of the development of clinical or subclinical meningitis in patients with 
severe systemic B. anthracis infections is high. In rare cases, anthrax meningitis has been 
reported without any other associated primary (i.e. cutaneous, gastrointestinal or inhalation) 
manifestation of anthrax (Lanska, 2002; Sejvar et al., 2005). A review of 82 cases of inhalation 
anthrax that occurred during 1900--2005 included 70 fatal cases. Among the 70 patients who 
died, 11 of 61 patients for whom data were available, had signs of meningeal involvement, 
compared with none of 12 patients who survived; 44 of the 70 patients who died developed 
meningoencephalitis during the course of their disease, compared with none of the 12 
patients who survived. Development of meningoencephalitis during the course of the 
disease was found to be significantly associated with death (p = 0.003) (Holty et al., 2006). 
Studies in non-human primates have demonstrated meningeal involvement in 33%--77% of 
experimental inhalation anthrax cases (Friedlander et al., 1993; Gleiser et al., 1963; Fritz et 
al., 1995; Vasconcelos et al., 2003).  

10.5 Anthrax in drug users 

A new form of anthrax was observed in drug users in Scotland in December 2009 and 
similar cases were seen in England during 2010. Drug users may become infected with 
anthrax when heroin has become contaminated with anthrax spores. This could be a source 
of infection if injected, smoked or snorted. Patients have not presented with classic anthrax 
(cutaneous, inhalational or gastrointestinal) but represented a new pattern. The clinical 
presentation may vary.  

The patients that developed intracranial or subarachnoid haemorrhage with anthrax bacilli 
in their blood died rapidly—i.e. in the late stages of disseminated anthrax. Gastrointestinal 
symptoms occasionally predominated, probably reflecting disseminated disease. Most have 
presented as atypical, but severe, soft tissue infections, with significant soft-tissue oedema 
(one inducing compartment syndrome). Findings differ from classic necrotising fasciitis or 
classic cutaneous anthrax and can present as variants of cellulitis or abscess. Patients can 
present with vague prodromal symptoms or excessive bruising at the index injection site, 
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(one inducing compartment syndrome). Findings differ from classic necrotising fasciitis or 
classic cutaneous anthrax and can present as variants of cellulitis or abscess. Patients can 
present with vague prodromal symptoms or excessive bruising at the index injection site, 
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which may be difficult to identify. Despite appearing very unwell, with tachycardic and 
peripherally shut down, they maintain an almost normal blood pressure, respiratory 
function, oxygenation and acid-base, and are lucid. Systemic features might otherwise be 
non-specific. Haematology and biochemistry are also non-specific; typically the white-cell 
count, C-reactive protein and lactate are not grossly abnormal. A decline in platelet count 
may predict clinical deterioration, even if remaining within the normal range. Coagulopathy 
may develop, with significant bleeding. In cases of severe soft tissue infection, fluid 
requirements may exceed 10 L per 24 h. Surgical debridement removes the nidus of 
infection and provides diagnostic material (Gram stain, culture and PCR). Characteristic 
surgical features include profound capillary bleeding, necrosis of predominantly the 
superficial rather than deep fat, oedema not fasciolysis and the finding of needle tracks 
containing necrotic material (Booth, et al., 2010).  

11. Diagnosis  
Suspicion of anthrax arises from the observation of clinical symptoms, the anatomic-
pathological findings and epidemiological data. The ecology of the bacterium limits the 
distribution of the disease that is almost always confined to well-defined territories. Less 
frequent and certainly more dangerous are introductive events that affect animals living in 
fixed stalling and which contract anthrax by eating contaminated food (usually forages) 
coming from high risk areas. This can, and does, happen in areas normally deemed free of 
anthrax and commonly in winter when livestock need extra feed which will have been 
purchased and may be contaminated. Thus, despite a careful epidemiological analysis, this 
can lead health professionals to misdiagnose suspect cases and, consequently, the 
subsequent inappropriate management of infected carcasses that leads to an inevitable 
increase in the risk of infection in humans and other livestock (Kreidl et al., 2006). 

11.1 Differential diagnosis 

In cattle, anthrax should be differentiated from the following diseases: 

- lightning strike and accidental electrocutions, 
- pasteurellosis, 
- piroplasmosis , 
- blackleg, malignant oedema and other clostridial diseases, 
- food intoxications. 

However, we should consider any disease causing sudden death or haemorrhagic 
septicaemia. In horses, we should consider colic syndromes, because of their 
symptomatology and infectious anaemia and dourine, because of the oedemas. However, in 
infectious anaemia, sublingual haemorrhages can be found. 

11.2 Laboratory diagnosis  

When there is suspicion that an animal has died of anthrax it is important to take 
precautions to avoid both infection and the shedding of blood that could pollute the 
surrounding environment. Live animals’ blood can be collected from main superficial veins; 
while with dead animals it can be taken from the peripheral veins, such as in the ear after 
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removal of the auricle with a hot knife; in this way the wound is cauterised and we prevent 
the spilling of blood and ground contamination with spores. The blood can be either on a 
cotton swab or in a vacutainer; the former is better. When using a cotton swab the blood 
should be allowed to dry, killing the contaminants and encouraging any B. anthracis to 
sporulate. Putrefaction quickly destroys vegetative B. anthracis and in this case it is much 
better to make a swab from nasal turbinates which are well vasculated and therefore should, 
and do, have plenty of spores, but with minimal tissue are little affected by putrefaction. If 
the carcass is too dehydrated, which can present diagnostic problems, one can collect soil 
from the ground under the animal that may have been contaminated by the leakage of blood 
and other body fluids from the natural openings and seepage. It should be noted that the 
longer an animal has been dead the smaller is the probability of getting a positive diagnosis, 
even with an experienced diagnostic laboratory. 

11.3 Microscopic test 

A preliminary examination with an unstained fresh blood smear will highlight the presence 
of stick forms or typical "bamboo canes". The organisms are immobile and well capsulated. 
The slide may be fixed and stained with Gram stain when B. anthracis is coloured in violet. 
Preferably one can use Giemsa which colours the bacilli purple and the capsule a 
characteristic red mauve or with MacFadyean stain, which is blue methyl polychromatic 
and stains the capsule pink. Löffler uses methylene blue to which K2CO3 to 1% has been 
added (Turnbull, 1998). This with Bacillus anthracis leads to the metachromatic phenomenon 
with the bacterial bodies stained blue, while the capsule takes on a reddish colour. In the 
preparation of the slide one must take care to pass the slide several times over the flame 
because the usual methods of fixing colours do not inactivate the spores, which can 
represent a significant danger to the staff who will handle these microscopic preparations 
(personal observation). Anecdotally there are stories of students getting cutaneous lesions 
from handling sharp-edged broken blood smear slides that were decades old. 

11.4 Cultural test 

Bacillus anthracis grows easily on normal agars, whether liquid or solid media. Using a 
sterile loop the plates can be sown with material from samples of blood, exudates, 
oedematous infiltrations, organs or parts of them taken from infected or suspect animals. 
When one suspects the presence of spores in the material used in the sample (wool, hair, 
leather, environmental samples) it is necessary to first incubate the material 72°C for 30 
minutes to destroy contaminating bacteria, yeasts and moulds. It is always better to use a 
semi-selective medium to isolate the bacterium. Moreover, blood-containing media are 
preferable in comparison to the often-used PLET or a Knisly agar, such as TSPB Agar, which 
is made highly selective against Gram-negative bacteria by supplementation with 
trimethoprim (13.1 mg/L), sulfamethoxazole (20 mg/L) and polymyxin B (30000 IU/L) 
(Tomaso et al., 2006). The plates are then incubated at 37°C for 24 hours. If the bacterium is 
present in the materials collected, white colonies will develop, 2-5 mm in diameter, of a 
pasty consistency and non-haemolytic. At a small magnification one can see long filaments 
folded several times on their own that seem to have the appearance of the foliage of a 
jellyfish, the so-called Medusa's Head. 
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which may be difficult to identify. Despite appearing very unwell, with tachycardic and 
peripherally shut down, they maintain an almost normal blood pressure, respiratory 
function, oxygenation and acid-base, and are lucid. Systemic features might otherwise be 
non-specific. Haematology and biochemistry are also non-specific; typically the white-cell 
count, C-reactive protein and lactate are not grossly abnormal. A decline in platelet count 
may predict clinical deterioration, even if remaining within the normal range. Coagulopathy 
may develop, with significant bleeding. In cases of severe soft tissue infection, fluid 
requirements may exceed 10 L per 24 h. Surgical debridement removes the nidus of 
infection and provides diagnostic material (Gram stain, culture and PCR). Characteristic 
surgical features include profound capillary bleeding, necrosis of predominantly the 
superficial rather than deep fat, oedema not fasciolysis and the finding of needle tracks 
containing necrotic material (Booth, et al., 2010).  

11. Diagnosis  
Suspicion of anthrax arises from the observation of clinical symptoms, the anatomic-
pathological findings and epidemiological data. The ecology of the bacterium limits the 
distribution of the disease that is almost always confined to well-defined territories. Less 
frequent and certainly more dangerous are introductive events that affect animals living in 
fixed stalling and which contract anthrax by eating contaminated food (usually forages) 
coming from high risk areas. This can, and does, happen in areas normally deemed free of 
anthrax and commonly in winter when livestock need extra feed which will have been 
purchased and may be contaminated. Thus, despite a careful epidemiological analysis, this 
can lead health professionals to misdiagnose suspect cases and, consequently, the 
subsequent inappropriate management of infected carcasses that leads to an inevitable 
increase in the risk of infection in humans and other livestock (Kreidl et al., 2006). 

11.1 Differential diagnosis 

In cattle, anthrax should be differentiated from the following diseases: 

- lightning strike and accidental electrocutions, 
- pasteurellosis, 
- piroplasmosis , 
- blackleg, malignant oedema and other clostridial diseases, 
- food intoxications. 

However, we should consider any disease causing sudden death or haemorrhagic 
septicaemia. In horses, we should consider colic syndromes, because of their 
symptomatology and infectious anaemia and dourine, because of the oedemas. However, in 
infectious anaemia, sublingual haemorrhages can be found. 

11.2 Laboratory diagnosis  

When there is suspicion that an animal has died of anthrax it is important to take 
precautions to avoid both infection and the shedding of blood that could pollute the 
surrounding environment. Live animals’ blood can be collected from main superficial veins; 
while with dead animals it can be taken from the peripheral veins, such as in the ear after 
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removal of the auricle with a hot knife; in this way the wound is cauterised and we prevent 
the spilling of blood and ground contamination with spores. The blood can be either on a 
cotton swab or in a vacutainer; the former is better. When using a cotton swab the blood 
should be allowed to dry, killing the contaminants and encouraging any B. anthracis to 
sporulate. Putrefaction quickly destroys vegetative B. anthracis and in this case it is much 
better to make a swab from nasal turbinates which are well vasculated and therefore should, 
and do, have plenty of spores, but with minimal tissue are little affected by putrefaction. If 
the carcass is too dehydrated, which can present diagnostic problems, one can collect soil 
from the ground under the animal that may have been contaminated by the leakage of blood 
and other body fluids from the natural openings and seepage. It should be noted that the 
longer an animal has been dead the smaller is the probability of getting a positive diagnosis, 
even with an experienced diagnostic laboratory. 

11.3 Microscopic test 

A preliminary examination with an unstained fresh blood smear will highlight the presence 
of stick forms or typical "bamboo canes". The organisms are immobile and well capsulated. 
The slide may be fixed and stained with Gram stain when B. anthracis is coloured in violet. 
Preferably one can use Giemsa which colours the bacilli purple and the capsule a 
characteristic red mauve or with MacFadyean stain, which is blue methyl polychromatic 
and stains the capsule pink. Löffler uses methylene blue to which K2CO3 to 1% has been 
added (Turnbull, 1998). This with Bacillus anthracis leads to the metachromatic phenomenon 
with the bacterial bodies stained blue, while the capsule takes on a reddish colour. In the 
preparation of the slide one must take care to pass the slide several times over the flame 
because the usual methods of fixing colours do not inactivate the spores, which can 
represent a significant danger to the staff who will handle these microscopic preparations 
(personal observation). Anecdotally there are stories of students getting cutaneous lesions 
from handling sharp-edged broken blood smear slides that were decades old. 

11.4 Cultural test 

Bacillus anthracis grows easily on normal agars, whether liquid or solid media. Using a 
sterile loop the plates can be sown with material from samples of blood, exudates, 
oedematous infiltrations, organs or parts of them taken from infected or suspect animals. 
When one suspects the presence of spores in the material used in the sample (wool, hair, 
leather, environmental samples) it is necessary to first incubate the material 72°C for 30 
minutes to destroy contaminating bacteria, yeasts and moulds. It is always better to use a 
semi-selective medium to isolate the bacterium. Moreover, blood-containing media are 
preferable in comparison to the often-used PLET or a Knisly agar, such as TSPB Agar, which 
is made highly selective against Gram-negative bacteria by supplementation with 
trimethoprim (13.1 mg/L), sulfamethoxazole (20 mg/L) and polymyxin B (30000 IU/L) 
(Tomaso et al., 2006). The plates are then incubated at 37°C for 24 hours. If the bacterium is 
present in the materials collected, white colonies will develop, 2-5 mm in diameter, of a 
pasty consistency and non-haemolytic. At a small magnification one can see long filaments 
folded several times on their own that seem to have the appearance of the foliage of a 
jellyfish, the so-called Medusa's Head. 
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11.5 Biological test 

It is usual with this kind of test to use particularly sensitive laboratory animals such as 
guinea pigs. The inoculation of suspect material subcutaneously or intramuscularly is not 
recommended, especially when the inoculate is full of secondary putrefactive bacteria. It is 
better to set up a test infection by coating the material on an area of abdominal skin which 
has been previously shaved and scarified. This technique takes advantage of the ability of B. 
anthracis to penetrate scarified skin, selecting it from the mixed microbial flora. Rabbits die 
within 72 to 166 hours (Fasanella et al., 2009) and this depends on the virulence of the 
different strains of anthrax and the number of organisms. However, after a few hours a 
gelatinous, haemorrhagic oedema forms at the point of inoculation, which is then followed 
by all the other characteristics of an anthrax lesion. 

11.6 Polymerase Chain Reaction (PCR) 

To confirm suspicious colonies specific PCR represent the best method to identify Bacillus 
anthracis. To identify virulent B. anthracis strains, and for the differentiation of non-virulent 
strains, the presence of both of the plasmids pXO1 (toxins) and pXO2 (capsule formation) 
must be confirmed. However, some chromosomal targets of rpoB, S-layer protein genes and 
Ba813 very often lead to false-positive results from environmental samples (Papaparaskevas 
et al., 2004), while plcR is able to differentiate Bacillus anthracis from Bacillus cereus and 
Bacillus thuringiensis (Easterday et al., 2005). 

11.7 Molecular characterisation  

The genomic diversity is the result mainly of events in the evolution of the bacterium and 
the genomic analysis must rely on molecular markers as polymorphic as possible with a 
high rate of mutation. The anthrax genotyping methods currently in use test different types 
of markers in relation to the utility of the analysis. 

The genotyping method, considered to be at low resolution, is the analysis of SNPs (Single 
Nucleotide Polymorfisms) and identifies point mutations of the genome. These markers 
have a good stability with a genomic mutation rate of 10-10. While there is a low rate of 
mutation some 35,000 SNPs comprise the entire genome of anthrax (Pearson et al., 2004; 
Read et al., 2002). At present the opportunity to test all the identified SNPs in any isolate is 
technically hard and financially expensive. However, some studies have helped identify 12 
canonical SNPs that are the most stable and homoplastic which can be used for phylogenetic 
investigations. Polymorphism analyses may be carried out using Snapshot or with real time 
PCR assays with TaqMan MGB probes (Van Ert et al., 2007). 

The high resolution typing assay par excellence is that of Multiple Locus VNTR Analysis 
(MLVA) as it seeks to identify specific genomic regions known as Variable Number Tandem 
Repeat (VNTR). These regions of repeated DNA in tandem by their nature have a higher 
rate of mutation. The frequency of mutation of these markers in B. anthracis is comparable to 
10-5 with a high variability depending on the locus (Keim et al., 2004). This technique 
initially with eight VNTR was able to identify 89 genotypes from 400 isolates from around 
the world (Keim et al., 2000), while the 15 VNTR assay increased this to 221 genotypes with 
1033 isolates. This method has now been increased up to 25 loci (Lista et al., 2006), which 
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allows an excellent organism discrimination with this high genetic homology. Technically, 
the VNTR are searched for using capillary sequencers to analyse DNA fragments. 

Latterly, high resolution assays were discovered that examine markers called SNRs (Single 
Nucleotide Repeats), a sort of VNTR consisting of repeated sequences of poliA. Stratilo et al. 
(2006), through a bioinformatics analysis, identified specific regions with a mutation rate of 
10-4. Utilisation of these regions allows discrimination between organisms with the same 
MLVA pattern and thus allows sub-genotyping. The instability of these loci does not make 
them homoplastic because back-mutations often occur. Their use can differentiate strains 
within the same outbreak or epidemic. A recent study has suggested the use of a panel of 
four SNR markers that may be discriminated with an advanced method of analysis of DNA 
fragments (Kenefic et al., 2008). 

These briefly described genotyping methods can be understood in a hierarchical way. The 
SNPs being at low-power of discrimination can be used for phylogenetic investigations. On 
the other hand, VNTRs and SNRs have high discriminatory powers. The first for their high 
diversity and homoplasia are able to correctly define genotype, while the latter, searching 
for any signs of redundancy, are considered suitable for identifying sub-genotypes. All the 
methods described are best run by specialised laboratories experienced in molecular biology 
(Keim et al., 2004). 

12. Anthrax vaccines and their mechanism of protection 
Toxin formation is known to occur when PA binds to receptors on cells (Little et al., 2004; 
Bradley et al., 2001), undergoes proteolysis which exposes a binding site for LF or EF and 
forms heptamers (Milne et al., 1994). The shared cell-binding component, PA, when 
combined with LF, forms a lethal toxin, which kills laboratory animals (Beall & Dallford, 
1966; Stanley & Smith, 1961) and is cytotoxic to certain macrophage cell lines (Friedlander, 
1986). When combined with EF, on the other hand, PA forms an oedema toxin, which causes 
oedema and inhibits neutrophil functions (O’Brien et al., 1985) due to the calmodulin-
dependent adenylate cyclase activity of EF. Clearly, then, blocking PA leads to the 
neutralisation of the toxic activity of anthrax. Indeed, protection of certain animal models 
(guinea pig, rabbit, non-human primate) against infection with B. anthracis can be achieved 
by inoculation with a variety of vaccine preparations that contain PA as their main 
immunogen (Ivins et al., 1990; Ivins et al., 1992; Ivins et al., 1998). Moreover, a strong 
correlation has been found between the level of PA-specic toxin-neutralising antibodies 
(TNA) and protection.  

Toxin neutralisation is probably not the only antibody-mediated mechanism of protection. 
The kinetics of PA production during B. anthracis growth and the role of anti-PA antibody in 
host immunity are not clearly defined, however. Recently, anti-PA antibodies (Abs) have 
also been shown to exhibit anti-spore activities. Rabbit anti-rPA polyclonal Abs (pAbs) were 
shown to enhance the phagocytosis and subsequent killing of spores by macrophages, and 
to partially inhibit spore germination in vitro. Further, PA was found to be associated with 
spores and to induce anti-PA Abs which retard germination in vitro, and enhance the 
phagocytic and sporicidal activities of macrophages (Cote et al., 2005; Welkos et al., 2001; 
Stepanov et al., 1996; Welkos et al., 2002).  
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11.5 Biological test 

It is usual with this kind of test to use particularly sensitive laboratory animals such as 
guinea pigs. The inoculation of suspect material subcutaneously or intramuscularly is not 
recommended, especially when the inoculate is full of secondary putrefactive bacteria. It is 
better to set up a test infection by coating the material on an area of abdominal skin which 
has been previously shaved and scarified. This technique takes advantage of the ability of B. 
anthracis to penetrate scarified skin, selecting it from the mixed microbial flora. Rabbits die 
within 72 to 166 hours (Fasanella et al., 2009) and this depends on the virulence of the 
different strains of anthrax and the number of organisms. However, after a few hours a 
gelatinous, haemorrhagic oedema forms at the point of inoculation, which is then followed 
by all the other characteristics of an anthrax lesion. 

11.6 Polymerase Chain Reaction (PCR) 

To confirm suspicious colonies specific PCR represent the best method to identify Bacillus 
anthracis. To identify virulent B. anthracis strains, and for the differentiation of non-virulent 
strains, the presence of both of the plasmids pXO1 (toxins) and pXO2 (capsule formation) 
must be confirmed. However, some chromosomal targets of rpoB, S-layer protein genes and 
Ba813 very often lead to false-positive results from environmental samples (Papaparaskevas 
et al., 2004), while plcR is able to differentiate Bacillus anthracis from Bacillus cereus and 
Bacillus thuringiensis (Easterday et al., 2005). 

11.7 Molecular characterisation  

The genomic diversity is the result mainly of events in the evolution of the bacterium and 
the genomic analysis must rely on molecular markers as polymorphic as possible with a 
high rate of mutation. The anthrax genotyping methods currently in use test different types 
of markers in relation to the utility of the analysis. 

The genotyping method, considered to be at low resolution, is the analysis of SNPs (Single 
Nucleotide Polymorfisms) and identifies point mutations of the genome. These markers 
have a good stability with a genomic mutation rate of 10-10. While there is a low rate of 
mutation some 35,000 SNPs comprise the entire genome of anthrax (Pearson et al., 2004; 
Read et al., 2002). At present the opportunity to test all the identified SNPs in any isolate is 
technically hard and financially expensive. However, some studies have helped identify 12 
canonical SNPs that are the most stable and homoplastic which can be used for phylogenetic 
investigations. Polymorphism analyses may be carried out using Snapshot or with real time 
PCR assays with TaqMan MGB probes (Van Ert et al., 2007). 

The high resolution typing assay par excellence is that of Multiple Locus VNTR Analysis 
(MLVA) as it seeks to identify specific genomic regions known as Variable Number Tandem 
Repeat (VNTR). These regions of repeated DNA in tandem by their nature have a higher 
rate of mutation. The frequency of mutation of these markers in B. anthracis is comparable to 
10-5 with a high variability depending on the locus (Keim et al., 2004). This technique 
initially with eight VNTR was able to identify 89 genotypes from 400 isolates from around 
the world (Keim et al., 2000), while the 15 VNTR assay increased this to 221 genotypes with 
1033 isolates. This method has now been increased up to 25 loci (Lista et al., 2006), which 
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allows an excellent organism discrimination with this high genetic homology. Technically, 
the VNTR are searched for using capillary sequencers to analyse DNA fragments. 

Latterly, high resolution assays were discovered that examine markers called SNRs (Single 
Nucleotide Repeats), a sort of VNTR consisting of repeated sequences of poliA. Stratilo et al. 
(2006), through a bioinformatics analysis, identified specific regions with a mutation rate of 
10-4. Utilisation of these regions allows discrimination between organisms with the same 
MLVA pattern and thus allows sub-genotyping. The instability of these loci does not make 
them homoplastic because back-mutations often occur. Their use can differentiate strains 
within the same outbreak or epidemic. A recent study has suggested the use of a panel of 
four SNR markers that may be discriminated with an advanced method of analysis of DNA 
fragments (Kenefic et al., 2008). 

These briefly described genotyping methods can be understood in a hierarchical way. The 
SNPs being at low-power of discrimination can be used for phylogenetic investigations. On 
the other hand, VNTRs and SNRs have high discriminatory powers. The first for their high 
diversity and homoplasia are able to correctly define genotype, while the latter, searching 
for any signs of redundancy, are considered suitable for identifying sub-genotypes. All the 
methods described are best run by specialised laboratories experienced in molecular biology 
(Keim et al., 2004). 

12. Anthrax vaccines and their mechanism of protection 
Toxin formation is known to occur when PA binds to receptors on cells (Little et al., 2004; 
Bradley et al., 2001), undergoes proteolysis which exposes a binding site for LF or EF and 
forms heptamers (Milne et al., 1994). The shared cell-binding component, PA, when 
combined with LF, forms a lethal toxin, which kills laboratory animals (Beall & Dallford, 
1966; Stanley & Smith, 1961) and is cytotoxic to certain macrophage cell lines (Friedlander, 
1986). When combined with EF, on the other hand, PA forms an oedema toxin, which causes 
oedema and inhibits neutrophil functions (O’Brien et al., 1985) due to the calmodulin-
dependent adenylate cyclase activity of EF. Clearly, then, blocking PA leads to the 
neutralisation of the toxic activity of anthrax. Indeed, protection of certain animal models 
(guinea pig, rabbit, non-human primate) against infection with B. anthracis can be achieved 
by inoculation with a variety of vaccine preparations that contain PA as their main 
immunogen (Ivins et al., 1990; Ivins et al., 1992; Ivins et al., 1998). Moreover, a strong 
correlation has been found between the level of PA-specic toxin-neutralising antibodies 
(TNA) and protection.  

Toxin neutralisation is probably not the only antibody-mediated mechanism of protection. 
The kinetics of PA production during B. anthracis growth and the role of anti-PA antibody in 
host immunity are not clearly defined, however. Recently, anti-PA antibodies (Abs) have 
also been shown to exhibit anti-spore activities. Rabbit anti-rPA polyclonal Abs (pAbs) were 
shown to enhance the phagocytosis and subsequent killing of spores by macrophages, and 
to partially inhibit spore germination in vitro. Further, PA was found to be associated with 
spores and to induce anti-PA Abs which retard germination in vitro, and enhance the 
phagocytic and sporicidal activities of macrophages (Cote et al., 2005; Welkos et al., 2001; 
Stepanov et al., 1996; Welkos et al., 2002).  
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An important aspect of the protective ability of the immune system is the persistence of 
PA-specific IgG memory B cells allowing animals to remain resistant to infection even 
after their serum Ab response has waned. In a study on mice, for example, half of the 
animals immunised with CpG-adjuvanted AVA (Synthetic Oligodeoxynucleotides 
containing Unmethylated CpG motifs to AVA) with anti-PA titers 10-fold below the 
protective baseline, survived a 100 LD50 Sterne strain spore challenge. This contrasted 
with only 1/35 mice with the same Ab titer that had been immunised with AVA alone. 
These findings suggest that an important goal of anthrax vaccine development should be 
that of attaining a vaccine able to generate a durable pool of high-affinity memory B cells 
(Tross & Klinman, 2008; Ivins et al., 1994). 

Another important aspect of immunity is with regard to T cells which may play a role 
beyond simply enhancing adaptive humoral response. Immunisation with formaldehyde-
inactivated B. anthracis spores resulted in the generation of CD4 T lymphocytes, which 
responded in an MHC-restricted manner by producing interferon γ (IFNγ) (Glomski et al., 
2007). This suggested that the production of IFNγ leads to the activation of phagocytes and 
consequently increases sporicidal and bactericidal activity. IFN was shown to protect up to 
60% of mice against lethal inhalational anthrax (Walberg et al., 2008). Finally, nasal (i.n.) 
immunisation of deeply anesthetised rabbits with rPA+IL-1α consistently induced rPA-
specific serum IgG ELISA titers that were not significantly different than those induced by 
intramuscular (IM) immunisation with rPA+alum, although lethal toxin-neutralising titers 
induced by nasal immunisation were lower than those induced by IM immunisation (Gwinn 
et al., 2010).  

12.1 First generation of anthrax vaccine for human use 

The observation that the injection of sterilised oedema fluid from anthrax lesions in 
laboratory animals protected against challenge with a fully virulent strain, suggested that 
the acellular vaccine can protect against anthrax. Investigations followed on the protective 
role of artificially cultivated B. anthracis filtrates as vaccines for human use. The first US 
product was developed in 1954. It was a cell-free filtrate from an aerobic culture of the 
Vollum strain of Bacillus anthracis, precipitated with aluminium potassium sulphate. In the 
1960s, the strain used was changed from Vollum to V770-NP1–R, a toxigenic, non-
capsulated and non-proteolytic mutant (Puzzis et al., 1963) and the microaerophilic culture 
method adopted. A significant increase in the stability and immunogenicity of the vaccine 
was obtained as a result. This vaccine, named Anthrax Vaccine Adsorbed (AVA), was 
licensed by the NIH in 1970 and reapproved by the FDA in 1985. In December 2008, the 
FDA approved a biologics licence application supplement for AVA, submitted by Emergent 
BioSolutions. The current licensed schedule consists of five of 0,5 ml intramuscular 
injections (at zero and four weeks, and at six, 12 and 18 months) followed by yearly 0,5-ml 
booster doses. Intramuscular injection causes fewer local reactions, but it entails a reduction 
in anti-PA antibody response from week eight to six months after vaccination, during which 
protection may also be reduced (Wright et al., 2009).  

The Anthrax Vaccine Precipitated (AVP) was licensed in Great Britain in 1979. It was 
developed by the Centre for Applied Microbiology and Research at Porton Down, Salisbury, 
using an avirulent toxigenic, non-capsulated 34F2 strain of B. anthracis originally isolated by 
Sterne in 1937. It contains PA, LF and EF. The main indication for using the vaccine is risk of 
infection by inhalation of B. anthracis spores.  
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The AVP vaccine is administered in a three-dose primary regimen three weeks apart, followed 
by the fourth dose after six months and annual booster doses. The main active component of 
the vaccine is a sterile filtrate of alum-precipitated B. anthracis antigens in solution for injection. 
Other ingredients are aluminium potassium sulphate, sodium chloride and purified water. 
The preservative is thimerosal (0.005%). Immunisation by the vaccine induces production of 
IgG antibodies, which guarantees good immunogenicity. No serious side effects have been 
reported. Reactions are uncommon, but occasionally a mild rash or swelling at the site of 
injection, or even at the site of an earlier injection, may occur and last for a couple of days. 
More rarely, swollen glands, mild fever, flu-like symptoms, a rash, itching or other allergic 
reactions may occur (Baillie, 2009; Friedlander & Little, 2009; Splino et al., 2005).  

Compared to AVA, the British AVP contains lower levels of PA and higher concentrations 
of additional B. anthracis antigens, such as LF and EF, and certain bacillus surface proteins 
(Turnbull, 1991; Baillie et al., 2003). These differences, owing to the strain used and/or to 
vaccine preparation techniques, may be the cause of the slightly enhanced protection 
conferred by AVP (Baillie et al., 2004) and of the increased transient reactogenicity seen in 
comparison to AVA (Turnbull, 2000). First-generation vaccines are, thus, relatively safe and 
efficacious, but they do present a number of important limitations, making them less than 
ideal for urgent mass vaccinations or for use in non-industrialised or remote regions.  

12.2 Second generation of anthrax vaccine for human use  

12.2.1 PA vaccines 

Several high-level PA expression systems have been developed based on a variety of 
microbial and eukaryotic organisms such as attenuated strains of B. anthracis, B.subtilis, B. 
brevis, Baculovirus, Escherichia coli (Baillie, 2006).  

rPA102 (formerly produced by Vaxgen Inc., South San Francisco, California, later acquired 
by Emergent BioSolutions, Maryland) is a purified protein obtained from culture 
supernatant of B. anthracis ΔSterne-1, an asporogenic, avirulent, non-toxigenic strain, which 
contains a recombinant plasmid encoding PA. PA is adsorbed in aluminium hydroxide 
adjuvant with a final aluminium concentration of approximately 82.5 μg per dose. This 
vaccine protected rabbits and non-human primates from inhalational challenge and was 
found to be safe and immunogenic in a randomised trial performed on healthy volunteers 
(Gorse et al., 2006). SparVax, an rPA vaccine obtained from E. coli (Baillie, 2009) and 
manufactured by Pharmathene in the US, is undergoing US National Institute of Health-
sponsored human safety and immunogenicity trials. SparVax was developed by researchers 
at the Defence Science and Technology Laboratory, Porton Down, Wiltshire UK.  

In preclinical studies, SparVax has demonstrated the capability to protect rabbits and non-
human primates against a lethal aerosol spore challenge of the anthrax Ames strain.  

A recently published report described a phase I clinical trial testing the safety and 
immunogenicity of an anthrax vaccine using Escherichia coli-derived, B. anthracis rPA. Sixty 
seven healthy adults received two injections, four weeks apart, of either rPA in increasing 
doses (5, 25, 50, 100 µg), formulated with or without 704 µg/ml Alhydrogel adjuvant, or 
buffered saline placebo. Participants were followed for one year. No serious adverse events 
were recorded. The most robust humoral immune responses were observed in subjects 
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An important aspect of the protective ability of the immune system is the persistence of 
PA-specific IgG memory B cells allowing animals to remain resistant to infection even 
after their serum Ab response has waned. In a study on mice, for example, half of the 
animals immunised with CpG-adjuvanted AVA (Synthetic Oligodeoxynucleotides 
containing Unmethylated CpG motifs to AVA) with anti-PA titers 10-fold below the 
protective baseline, survived a 100 LD50 Sterne strain spore challenge. This contrasted 
with only 1/35 mice with the same Ab titer that had been immunised with AVA alone. 
These findings suggest that an important goal of anthrax vaccine development should be 
that of attaining a vaccine able to generate a durable pool of high-affinity memory B cells 
(Tross & Klinman, 2008; Ivins et al., 1994). 

Another important aspect of immunity is with regard to T cells which may play a role 
beyond simply enhancing adaptive humoral response. Immunisation with formaldehyde-
inactivated B. anthracis spores resulted in the generation of CD4 T lymphocytes, which 
responded in an MHC-restricted manner by producing interferon γ (IFNγ) (Glomski et al., 
2007). This suggested that the production of IFNγ leads to the activation of phagocytes and 
consequently increases sporicidal and bactericidal activity. IFN was shown to protect up to 
60% of mice against lethal inhalational anthrax (Walberg et al., 2008). Finally, nasal (i.n.) 
immunisation of deeply anesthetised rabbits with rPA+IL-1α consistently induced rPA-
specific serum IgG ELISA titers that were not significantly different than those induced by 
intramuscular (IM) immunisation with rPA+alum, although lethal toxin-neutralising titers 
induced by nasal immunisation were lower than those induced by IM immunisation (Gwinn 
et al., 2010).  

12.1 First generation of anthrax vaccine for human use 

The observation that the injection of sterilised oedema fluid from anthrax lesions in 
laboratory animals protected against challenge with a fully virulent strain, suggested that 
the acellular vaccine can protect against anthrax. Investigations followed on the protective 
role of artificially cultivated B. anthracis filtrates as vaccines for human use. The first US 
product was developed in 1954. It was a cell-free filtrate from an aerobic culture of the 
Vollum strain of Bacillus anthracis, precipitated with aluminium potassium sulphate. In the 
1960s, the strain used was changed from Vollum to V770-NP1–R, a toxigenic, non-
capsulated and non-proteolytic mutant (Puzzis et al., 1963) and the microaerophilic culture 
method adopted. A significant increase in the stability and immunogenicity of the vaccine 
was obtained as a result. This vaccine, named Anthrax Vaccine Adsorbed (AVA), was 
licensed by the NIH in 1970 and reapproved by the FDA in 1985. In December 2008, the 
FDA approved a biologics licence application supplement for AVA, submitted by Emergent 
BioSolutions. The current licensed schedule consists of five of 0,5 ml intramuscular 
injections (at zero and four weeks, and at six, 12 and 18 months) followed by yearly 0,5-ml 
booster doses. Intramuscular injection causes fewer local reactions, but it entails a reduction 
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The AVP vaccine is administered in a three-dose primary regimen three weeks apart, followed 
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the vaccine is a sterile filtrate of alum-precipitated B. anthracis antigens in solution for injection. 
Other ingredients are aluminium potassium sulphate, sodium chloride and purified water. 
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reactions may occur (Baillie, 2009; Friedlander & Little, 2009; Splino et al., 2005).  
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receiving 50 µg of rPA formulated with Alhydrogel, while the strongest cellular response 
was observed in the group receiving 25 µg Alhydrogel-formulated rPA. The vaccine was 
safe, well tolerated and stimulated a robust humoral and cellular response after two doses 
(Brown et al., 2010).  

12.3 Third generation of anthrax vaccine for human use  

12.3.1 Epitope–specific vaccines  

The efficacy of PA domain  was demonstrated in mice: all animals immunised with PA 
proteins containing domain 4 were fully protected against anthrax spore challenge  while a 
decrease in protection was seen in mice immunised with a mutated strain of B. anthracis that 
expressed PA without domain 4 (Flick-Smith et al., 2002; Brossier et al., 2000).  

12.3.2 Oral vaccines  

Aloni-Grinstein et al. showed the efficacy of an attenuated non-toxigenic non-capsulated B. 
anthracis spore vaccine as an oral vaccine in guinea pigs (Aloni – Grinstein et al., 2005).  

Another orally delivered vaccine for human use is that derived from Salmonella enterica 
serovar Typhimurium. Vaccines based on either full-length PA, PA domains 1 and 4 or PA 
domain 4 were tested on A/J mice. The study compared oral vaccines with rPA vaccines 
showing, for the first time, the efficacy of an oral S. enterica-based vaccine against an 
aerosolised B. anthracis challenge (Stokes et al., 2007; Baillie et al., 2008). 

Orally administered Lactobacillus gasseri engineered to express the PA-DCpep fusion 
proteins was proven effective against anthrax Sterne challenge. This vaccine showed 
efficacious adjuvanticity and a safe delivery to mucosal immune cells, including dendritic 
cells. Both mucosal and systemic immune responses were elicited, resulting in complete 
animal survival (Mohamadzadeh et al., 2010).   

12.3.3 Nasal vaccines  

Rapid protective immunity has been achieved in mice through a combination of a nasal 
prime with a S. Typhi vaccine strain expressing PA, followed by a parenteral rPA boost. The 
same immunising strategy using a S. enterica serovar Typhi-derived PA83 fused with the 
export protein ClyA (ClyA-PA83) was also tested in rhesus and cynomolgus macaques. 
Monkeys developed high levels of serum TNA. Having been successful in non-human 
primates, this anthrax vaccine strategy based on heterologous mucosal immunisation 
followed by a parenteral vaccine booster is considered very interesting for human 
application (Mikszta et al., 2005). 

12.3.4 DNA vaccines  

A human serotype 5 adenovirus (ad5) expressing PA (AdsechPA) was tested and compared 
with the new US military rPA/Alhydrogel vaccine in a mouse model. AdsechPA afforded 
approximately 2.7-fold more protection than the rPA vaccine against B. anthracis lethal toxin 
challenge four weeks after a single intramuscular administration, suggesting the potential of 
this vaccine to protect the civilian population against B. anthracis in response to a bioterrorism 
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attack (Tan et al., 2003). Chimeric virus-like particles (VLPs), which are very effective at 
eliciting humoral as well as cellular immunity, were also tested. VLPs complexed with PA 
elicited a powerful TNA response that protected rats from anthrax lethal toxin challenge after 
a single dose without adjuvant. This highly effective, dually-acting reagent can be used both 
for protection against anthrax and as post-infection treatment (Manayani et al., 2007).  

12.4 Vaccine for veterinary use  

The history and theory of anthrax vaccines for veterinary use are closely linked to the first 
developments of modern vaccinology science. Louis Pasteur, a pioneer in this field, 
developed the first anthrax vaccine in 1881 (Shlyakhy et al., 1996). His method was widely 
used for livestock immunisation until the 1930s. Pasteur's schedule consisted of a first 
inoculation of B. anthracis cells from cultures incubated at 42°- 43°C for 15-20 days (Pasteur 
type I) followed by an inoculation, after 14 days, of less attenuated B. anthracis cells from 
cultures incubated at 42°- 43°C for 10-12 days (Pasteur type II) (Turnbull, 1991).  

The live attenuated vaccines for veterinary use can be divided into three main categories: 
Pasteur vaccines, Carbozoo vaccines and Sterne vaccines. The division is not merely 
historical, but based on different attenuation mechanisms (Hambleton et al., 1984) . The 
Pasteur method of attenuation results in the loss of the pXO1 plasmid that encodes the 
major virulence factors (PA, LF, EF), thus producing a non-toxigenic and capsulated (pXO1-
,pXO2+) vaccine. The Sterne type is a B. anthracis strain lacking the pXO2 plasmid encoding 
the capsule. It is, therefore, toxigenic and non-capsulated (pXO1+,pXO2-), resulting in a 
non-virulent stable phenotype which still conserves the main antigen, anthrax toxins. The 
Carbozoo attenuation mechanism is still unknown, but studies on Carbosap demonstrated 
the presence of both plasmids (pXO1+ pXO2+) placing this strain in the category of 
toxigenic and capsulated, and suggesting different mechanisms of attenuation (Fasanella et 
al., 2001). At present, most veterinary vaccines are live attenuated vaccines, produced 
worldwide according to the requirements for anthrax spore vaccine (live- for veterinary 
use), the requirements for biological substances No. 13 (WHO, 1967), the manual for the 
production of anthrax and blackleg vaccines (FAO, 1991), the manual of diagnostic tests and 
vaccines for terrestrial animals (OIE, 2008) and the updated European Pharmacopoeia. The 
Sterne 34F2 strain is used worldwide, with the exception of Russia, China and Romania, 
where other, analogous toxigenic and non-capsulated strains are used. The formulation 
consists of about 107 spores suspended either in glycerin with saponin or in physiological 
solution with saponin. The effectiveness of this vaccine soon emerged, with a sharp 
reduction in outbreaks observed in South Africa during the period 1925-1941. Moreover, 
epidemiological data suggest that, in the past 50 years, vaccination has drastically reduced 
anthrax in industrialised countries where it is now considered rare. 

New animal vaccines are sorely needed. First studies reporting the use of recombinant or 
edible vaccines for veterinary use have been conducted. These proved the efficacy of two 
experimental vaccines against B. anthracis for veterinary use: an rPA mutant vaccine and a 
trivalent vaccine (TV) composed of rPA, an inactive LF mutant (mLF-Y728A; E735A) and an 
inactive EF mutant (mEF-K346R), both emulsified with mineral oils. Although this was only 
a preliminary study on a rabbit model, the possibility of administering these vaccines with 
antibiotics to halt incubating infections or during an anthrax epidemic was underlined 
(Fasanella et al., 2008). 
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inactive EF mutant (mEF-K346R), both emulsified with mineral oils. Although this was only 
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Preliminary attempts to generate transgenic PA-producing plants successfully explored the 
possibility of creating a safe and protective vaccine. The use of an edible vaccine would be 
useful for the vaccination of herbivores - both domesticated and feral. Anthrax control 
programmes would be improved above all in non-industrialised countries, where syringes 
and needles are normally in short supply.  

For example, in the search for an alternative, less expensive method to produce PA, a 
transgenic tobacco chloroplast was developed, that expressed the 83 kDa immunogenic B. 
anthracis PA. Crude plant extracts contained up to 2.5 mg full length PA/g of fresh leaf 
tissue and this showed exceptional stability for several months in stored leaves or crude 
extracts . The recently demonstrated efficacy of plant-expressed domain 4 of B. anthracis PA 
opens new horizons for the mass vaccination of animals in areas where the risk of anthrax is 
high (Watson et al., 2004; Brodzik et al., 2005; Gorantala et al., 2011).  

13. Conclusions 
Anthrax is an infectious disease which is still widespread in many areas of the planet and its 
presence is recorded mainly in poor or developing countries where the lack of an efficient 
health system able to prevent or counteract health emergencies favours the spread of 
infections, which often tend to result in an epidemic form. The source of anthrax infection is 
animals and the controlling of the disease in animals reduces the risk of human infection. 
The vaccine is still the most effective means of control, but mass vaccinations are not always 
possible in underdeveloped areas, where in addition to the lack of infrastructure such as 
roads or passable roads, an information system on the real animal population to submit to 
the vaccine treatment is often absent. Programmes to combat zoonoses, and anthrax in 
particular, need to have a fruitful collaboration between health authorities and farmers who 
need to be active players in the programme and not passive spectators. The process of 
training and information of those active in agriculture on the real dangers of the infection is 
fundamental, envisaging the adoption of restrictive measures in the case of outbreaks and 
not penalising the fragile economy of the livestock sector. The recent epidemic in 
Bangladesh owes its spread to the fact that farmers, fearing economic losses linked to the 
deaths of their animals, slaughtered them during the illness or even in that pre-agonising 
phase to sell the meat at a reduced price to limit losses. 

With regard to developed countries, except for the anthrax threat represented by its use as a 
bacteriological weapon or potential bioterrorist attacks and episodes in drug users, anthrax 
is a sporadic disease characterised by few outbreaks that  tend to occur where infected 
animals were buried in the past or where collected waste from the leather industries was 
placed. More frequently are reported outbreaks that develop consequent to the introduction 
of contaminated feed.  

In wild areas like natural parks or natural reservations, human control is not always 
efficacious and often the carcasses of dead animals are left undisturbed by scavengers. Since 
the carnivores are less susceptible to the disease compared to herbivores, they can ingest 
larger quantities of infected viscera and meat, but the vegetative cells do not survive passage 
through their acid stomachs; but if they have been eating older carcasses with spores they 
may spread spores in their faeces (Turnbull et al., 1989). In wild areas scavenger birds such 
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as ravens (Corpus corax) and vultures (various spp), can contaminate pastures or small bodies 
of water far from the original outbreak. These events permit  generation of a relevant 
amount of spores that spread in the environment. It seems that B. anthracis has found in wild 
areas its natural habitat that permits the completion of its cycle and the production of a 
sufficient amount of spores ensuring its survival. 

The area located between agricultural and wild areas where generally human activity is 
limited to the exploitation of pastures represents the contact point between the wild and the 
agricultural world, the habitat where domestic and wild animals divide the same space and 
where the ecology systems tend to influence each other. The proximity to the sources of 
production of anthrax spores, that are located in the wild area, guarantees the standard level of 
contamination of soil, favouring the realisation of the events that cause the disease in the 
domestic animals that pasture on this area, in conclusion, the area where anthrax crosses the 
border of its habitat and shows its presence. Animals from areas free of anthrax placed in areas 
at risk would be much more receptive to the disease. The project for the reintroduction of deer 
in some nature reserves of Basilicata (South Italy) is facing major obstacles just because of the 
receptivity of this particular animal species to anthrax infection (Fasanella et al, 2007). We do 
not know if this is a form of sensibility related to animal species or related to a lack of natural 
antibodies, but it is certain they are subjects who come from ecosystems in which anthrax is 
not present. In nature there are no behaviours which are an end in themselves and every living 
being has evolved its own strategies, not only in terms of preservation of their species, but also 
in that of its ecosystem. So why not hypothesise that Bacillus anthracis returned to its protective 
role of the delicate balance of its ecosystem, protecting the animal species that are an integral 
part of that particular area from a possible risk of extinction, due to infectious diseases 
introduced by unknown animals from different environments.  

In developed countries, where the disease is sporadic, anthrax can cause serious health 
problems when it develops outbreaks in areas considered free of the disease, because the 
real risk is that health authorities can intervene in a misdiagnosis and not take the necessary 
precautionary measures. In conclusion, we must begin to consider anthrax as a neglected 
disease and undertake all activities that tend to reduce the risk for humans related to the 
underestimation of the disease. It is necessary to continue in the research activity on new 
and more sensitive and rapid diagnostic tests, on the development of more effective 
vaccines for human and veterinary use, and also on the improvement of the information and 
training of health personnel responsible for the control of zoonoses. 
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1. Introduction 
Brucella is α-Proteobacteria causing an infectious disease in mammals that could be 
transmitted to humans. Ruminant and swine are prone to be infected by such 
microorganism all over the world, thus acting as a potential reservoir for domestic livestock 
and therefore, affecting humans. Brucella species differ in their hosts’ preference, 
physiological abilities and cell surface structural characteristics. Those affecting domestic 
livestock are B. melitensis (sheep and goats), B. abortus (cattle), B. suis (swine), and B. ovis 
(sheep). Because domestic ruminants and swine are essential to the economy of millions of 
people, particularly in low income countries, brucellosis is a major cause of direct 
economical losses and a major impediment for trade. Moreover, human brucellosis is a 
severe and debilitating disease requiring a prolonged antibiotic treatment and often leaving 
permanent and disabling sequel. Thus, its control and if it possible its eradication are major 
goals of public health programs in affected countries (1,2). 

2. The bacterium 
Brucella belongs to the α- 2 subdivision of the proteobacteria, along with ochrobactrum, 
rhizobium, rhodobacter, agrobacterium, bartonella, and rickettsia. The traditional classification of 
Brucella species is largely based on its preferred hosts. There are six classic pathogens, of 
which four are recognized human zoonoses. The presence of rough or smooth 
lipopolysaccharide is correlated to the virulence of the disease in humans. Two new Brucella 
species, provisionally called Brucella pinnipediae and B. cetaceae, have been isolated from 
marine hosts within the past few years (3,4,). 

Brucella is a monospecific genus that should be termed B. melitensis, and all other species are 
subtypes, with an interspecies homology above 87 percent. The phenotypic differences and 
host preferences can be attributed to various proteomes, as exemplified by specific outer-
membrane protein markers. All Brucella species seem to have arisen from a common 
ancestor to which B. suis biotype 3 shares particular similarity. Although the scientific 
accuracy of this classification cannot be disputed, its practicality has been under scrutiny (5). 

3. Nomenclature and classification  
The Manchester report assumed the paper by Verger et al. on DNA hybridization studies 
and the proposition that all Brucella are just one species, with biovars; it was necessary to 
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reclassify Brucella abortus biovar 9 as Brucella melitensis biovar abortus 7, following deletion 
of biovars 7 and 8. It is remarkable that, according to the Manchester nomenclature, all 
‘biovars’ Melitensis 1–3, Abortus 1–7 and Suis 1–5 were assigned to the same level of 
differentiation, irrespective of previous nomenspecies; this is undoubtedly correct and is 
based on genome studies, but misleading for brucellosis epidemiology considering the 
relatedness of nomenspecies with host animals and geographical spreading. Moreover, 
McGillivery et al. (1988) found that the restriction endonuclease profiles produced by BamHI 
from DNA of five Brucella abortus isolates and the reference strain B. abortus biovar 2 were 
very similar. These results reinforced the existence of significant genetic homogeneity in 
Brucella genus. The report also emphasizes the relatedness of genus Brucella with the genera 
Agrobacterium, Phyllobacterium and Rhizobium. De Ley et al. identified B. abortus as a member 
in the α-2 subgroup of Proteobacteria on the basis of 16S rRNA gene sequence comparison 
and Moreno et al. suggested a close phylogenetic relation within the same group as a result 
of studying the composition of Brucella lipid A; later, Corbel published dendrogram 
considered it as serologically related (Yersinia enterocolitica O: 9, Yersinia pseudotuberculosis, 
Salmonella typhimurium, Vibrio cholerae, Francisella tularensis, Escherichia coli O: 157, 
Pseudomonas putida, Rickettsia prowazekii) (6,7). 

4. Genetics of the Brucella 
Classic genetic studies of Brucella was begun by spontaneous mutants in the early 20th century 
.The most widely studied spontaneous mutants are vaccine strains, such as B. melitensis Rev 1, 
B. abortus strain 19 and recently B. abortus strain RB51. The classic genetic studies are focused 
on phenotypic appearance, stability, metabolism and virulence of mutant colonies. 
Smoothness and roughness of the colonies usually attribute to high and low virulence of B. 
abortus, B. suis, and B. melitensis. Mutation causing changes in appearance of the colonies 
(smoothness → roughness) usually decreases the virulence of these species and decreases or 
eliminates the stimulation of antibodies to the O antigen in animal hosts. B. abortus strain RB51 
illustrates this well, it is a rough strain which is highly attenuated and does not induce anti-O 
antibodies. The Brucella genome has a GC content of approximately 58%. B. melitensis, B. 
abortus, B. ovis, B. neotomae, and B. suis biovar 1, each has two chromosomes of 2,100 kb and 
1,150 kb. However, B. suis biovar 2 and 4 have two chromosomes of 1.85 Mb and 1.35 Mb, and 
B. suis biovar 3 has only one chromosome with a size of 3.1 Mb. These differences in size and 
number of chromosomes can be explained by rearrangements resulting from homologous 
recombination at chromosome regions containing the three rrn genes. The DNA sequences 
amongst different Brucella species share more than 90% homology. According to the present 
taxonomy and phylogeny based on 16S RNA, the classic 6 species belong to a single species. 
This fact has been used to propose that the genus Brucella contains only a single species B. 
melitensis, and that the remaining classic species be considered biovars .Insertion sequences (IS) 
are discrete segments of DNA that can transpose from one genomic site to another and 
promote genetic rearrangements. Insertion sequences are found on both chromosomes of 
Brucella. All Brucella species contain approximately 8-35 copies of an insertion sequence 
denominated IS711 (also known as IS6501). The position and copy number of this insertion 
sequence seems to vary in different species, a characteristic which can be used to differentiate 
them. For example, the wboA gene in B. abortus RB51 is disrupted by an IS711-like element. 
Based on this, a PCR assay has been developed to distinguish strain RB51 from other Brucella 
spp. and strains including its parent strain 2308. Many PCR assays based on gene differences 
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have been developed to detect or differentiate various Brucella strains. There are more than 50 
Brucella genes with a variety of functions listed in GenBank. For example, GenBank includes 
genes that encode the chaperones such as dnaK, groEL, and groES. Both 16S RNA and 23S 
RNA DNA sequences of Brucella are found in GenBank. No resident plasmids have been 
found in Brucella. However, several plasmids have been shown to be able to replicate in the 
Brucella (8,9). 

5. Antigenic composition 
A substantial number of antigenic components of Brucella have been characterized. 
However, the lipopolysaccharide constituents of the cell wall in Brucella species cause the 
antibody to response to such species. Brucella devoid of the o-polysaccharide (O-PS) are 
termed rough or “R” because their colonial surface contrasts with the glistening, smooth 
aspect of those carrying S-LPS. They can naturally be members of the R Brucella species (B. 
canis and B. ovis) or mutants derived from the S Brucella species (B. melitensis, B. abortus and 
B. suis)(18,19,20). Cultures of S Brucella spontaneously dissociate to generate mixtures of S 
and R colonies, the latter is formed by R mutants. Owing to their lack of antigenic O-PS, true 
R mutants neither induce anti O-PS antibodies nor react with antibodies of this specificity. 
They also show other outer membrane topology and physiological changes due to lack of O-
PS. Manifestations of these changes are the uptake of crystal violet, the auto agglutination in 
acryflavin solutions and the sensitivity to Brucella phages specific for the R species. Since the 
S → R dissociation occurs spontaneously with a frequency that depends on the strain and 
growth conditions, repeated in vivo or in vitro passage has been used to obtain R- mutant 
strain for vaccines production. The B. abortus 45/20 and RB51 strains were developed in this 
way. Alternatively, R mutants can be generated by new molecular genetics techniques such 
as transposon mutagenesis or deletion of genes involved in S-LPS biosynthesis.  It has been 
known for a long time that Brucella R mutants are attenuated spontaneously. This 
attenuation has been ascribed to the increase in both the antibody independent complement 
activation and the sensitivity to polycationic bactericidal peptides. In addition, R mutants 
display altered attachment to cells. Moreover, since the S Brucella are intracellular parasites 
able to alter constitutively intracellular trafficking (i.e. the one followed by inert particles or 
non-virulent Brucella), other factors related to the interplay of R mutant is the importance of 
the host cell, an aspect that has not been investigated so far. The outer membrane topology 
of rough mutants is altered LPS acylation patterns and could be relevant in this regard 
(4,21,22). The structure of S-LPS content of Brucella is known in part. According to nuclear 
magnetic resonance studies, the O-PS is a homopolymer of N-formyl-perosamine either 
exclusively in α-(1-2) linkages (for example in B. abortus biotype 1) or in α- (1-2) plus α- (1-3) 
in a ≥ 4:1 proportion (4:1 in B. melitensis biotype 1). These O-PSs carry three basic types of 
overlapping epitopes: C (common to all chemical types of Brucella O-PS), M (present in those 
O-PS with α (1-3) linkages) and A (present in those O-PS with no α (1-3) linkages or with a 
proportion of α- (1-2) to α- (1-3) linkages higher than 4:1). Nuclear magnetic resonance 
studies also show that the S-LPS of Yersinia enterocolitica O:9 carries a homopolymer of N-
formyl-perosamine in α- (1-2) linkages and, accordingly, it should be identical to O-PS  
such as those of the B. abortus biotype 1. It might be, however, that some aspect of these  
structures has escaped the nuclear magnetic resonance analyses because, whereas  
some monoclonal antibodies of O-PS specificity react equally with S Brucella and Y.  
enterocolitica O:9 (Cyb epitopes), others recognize epitopes common to all S Brucella but not  
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to Y. enterocolitica O:9 (Cb epitopes), strongly suggests subtle structural differences 
(4,23,24,25). The structure of the LPS core in Brucella is largely unknown and qualitative 
studies show 3-deoxy-D-manno-2- octulosonic acid, mannose, glucose, glucosamine and 
quinovosamine as the main sugars. The synthesis of LPS in Brucella is largely unknown but 
the genetic evidence available is fully consistent with a mechanism similar to that existing in 
some of the best studied gram-negative bacteria. First, lipid A is synthesized on the inner 
face of the cytoplasmic membrane. Second, through the sequential action of 
glycosyltransferases, sugars are added to lipid A until the core oligosaccharide is completed. 
These two pathways are intermingled since two 3-deoxy-D-manno- 2-octulosonate residues 
are added before lipid A synthesis is finished. On the contrary, the O-PS is synthesized in an 
independent pathway and, once its biosynthesis is carried through, it is linked to the 
acceptor sugar of the completed lipid A-core (19,24,25). Depending on the particular O-PS, 
there are three known types of mechanisms of synthesis, and that of Brucella belongs to the 
so-called ABC transporter-dependent (or wzy-independent) type. In this pathway, a lipid 
carrier (undecaprenol pyrophosphate) on the cytoplasmic side of the membrane is first 
primed with an amino sugar by the WecA protein. Then, O-PS sugar units are inserted 
successively at the non-reducing end (i.e. the “tip” of the growing polysaccharide) by 
glycosyltransferases .Finally, the ABC proteins translocate the amino sugar-O-PS (possibly 
still linked to the undecaprenol) to the periplasmic side of the membrane where a ligase 
(WaaL) binds the amino sugar-O-PS to the completed lipid A-core. Thus, when the synthesis 
of the core is blocked, the O-PS is generally not incorporated to the LPS (25). In addition to 
the lipid A, core, and O-PS pathways, there are subsidiary pathways that provide the 
necessary nucleotide-sugar precursors. Some of them are exclusive to LPS biosynthesis 
whereas others are housekeeping pathways. The more recent nomenclature for the genes 
coding for the enzymes of LPS synthesis uses four letters:1 (i), lpx* for those involved in the 
early steps of lipid A synthesis; (ii), wa** for those involved in the late steps of lipid A 
synthesis, in core synthesis and in the ligation of the amino sugar-O-PS to the lipid A-core 
(waaL); (iii), wb** for those involved in the OP-S synthesis; and (iv), wz** for those involved 
in OP-S processing (for example, wzm/wzt are the genes coding for the ABC transporters 
such as those acting on Brucella OP-S). The genes coding for the enzymes belonging to the 
precursor pathways follow a conventional nomenclature (for example man* for mannose 
biosynthesis, per for perosamine synthetase, etc.) even though they functionally belong to 
LPS pathways. Sometimes there are two different genes for the same enzymatic function as 
there can be two pathways for the same sugar when it is present in both the core or the O-PS 
and, in this case, sub-indexes are used (for example, manBcore and manBOAg for the 
phosphomannomutases of core and O-PS [O Antigen] mannose synthesis). At least sixteen 
genes have been proven to be involved in Brucella LPS synthesis by analysis of the 
corresponding mutants and, as in many bacteria, most of the O-PS ones are clustered in a 
region (wbk) region. Although mutations in some genes outside wbk also bring about an R 
phenotype, their assignation to the core or O-PS pathways is less clear. As judged by the 
analyses derived from the complete sequence of the B. melitensis and B. suis genomes, genes 
encoding for LPS in Brucella are scattered in chromosomes with the exception of the wbk 
region (26). R strains of B. melitensis, B. abortus and B. suis should result from mutations in 
some wa** genes (including WaaL), in all wb** genes, in the wzm/wzt genes, and in genes of 
the pathways that lead to precursors of core and O-PS sugars (for example manBcore and per, 
respectively). But for the absence of an O-PS linked to the remaining LPS molecule, it can be 
predicted that not all these mutants are equivalent and they can be hypothetically grouped 
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as follows: (i), R mutants have a complete lipid A-core plus a cytoplasmic O-PS, the 
incorporation of which to the LPS is blocked (at least the wzm/wzt and possibly the WaaL 
mutants); (ii), R mutants have a complete lipid A-core but no O-PS (mutants in wb** 
glycosyltransferases, in wecA, and in genes coding for enzymes necessary to synthesise some 
precursors, such as manBOAg, gmd and per) and (iii), R mutants have progressive 
deficiencies in the core and that may or may not accumulate cytoplasmic O-PS (mutants in 
some wa** genes and in some precursor genes such as manBcore). Mutants of each of these 
three groups have in fact been described, and the question then arises as to what extent they 
are equivalent in attenuation and immunizing abilities (27,28,29,30). Numerous outer and 
inner membranes, cytoplasmic, and periplasmic antigenic proteins have also been 
characterized. Some are recognized by the immune system during infection and are 
potentially useful in diagnostic tests. Hitherto, tests based on such antigens have suffered 
from low sensitivity as infected persons tend to develop a much less consistent response to 
individual protein antigens than to LPS. Thus, tests such as immuno-blotting against whole-
cell extracts may have some advantages over more quantitative tests that employ purified 
individual antigens. Recently, ribosomal proteins have reemerged as immunologically 
important components. Interest in these, first arose more than 20 years ago when crude 
ribosomal preparations were demonstrated to stimulate both antibody and cell-mediated 
responses and to confer protection against challenge with Brucella. However, the individual 
components responsible for such activity were not identified until recently. It has been 
established that the L7/L12 ribosomal proteins are important in stimulating cell-mediated 
responses. They elicit delayed hypersensivity responses as components of brucellins, and as 
fusion proteins, they have been shown to stimulate protective responses to Brucella. They 
appear to have potential as candidate vaccine components (31,32). 

Bacterial pathogens that maintain long-term residence within host phagocytes probably 
express a variety of genes to help them adapt to the harsh environmental conditions of pH, 
nutrition deprivation, ROIs, and reactive nitrogen intermediates (RNIs) as well as lysosomal 
enzymes encountered within the phagosome .Prominent among these responses is the 
induction of heat shock proteins, suggesting that considerable protein misfolding and 
damage occurs within this compartment. However, the role of these proteins in Brucella 
pathogenesis was uncertain. B. abortus Lon transposon mutants were attenuated in BALB/c 
resident peritoneal macrophages but persistent in BALB/c mice except for a minor 
attenuation at 1 week postinfection, suggesting that Lon protease is important for Brucella 
survival during early infection. B. suis dnaK insertional mutants, defective in a member of 
the Hsp70 family, were attenuated in the human macrophagic cell line, U937. B. abortus htrA 
deletion mutants, deficient in a serine protease called high temperature- requirement A 
protein, have been considered to be attenuated in vitro and in vivo, but a recent report 
suggests that htrA mutants were in fact htrA cycL double deletion mutants. An additional 
report suggests that a B.melitensis authentic htrA deletion mutant was not attenuated in 
goats, suggesting that HtrA is not involved in Brucella pathogenesis. Also, the B. suis clpA 
deletion mutant was not attenuated in vitro or in vivo. Taken together, these reports suggest 
that not all heat shock proteins are critical to Brucella pathogenesis or that redundant 
function of heat shock proteins will compromise the functional deficiency caused by the loss 
of one heat shock protein (33,34,35,36). 
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inner membranes, cytoplasmic, and periplasmic antigenic proteins have also been 
characterized. Some are recognized by the immune system during infection and are 
potentially useful in diagnostic tests. Hitherto, tests based on such antigens have suffered 
from low sensitivity as infected persons tend to develop a much less consistent response to 
individual protein antigens than to LPS. Thus, tests such as immuno-blotting against whole-
cell extracts may have some advantages over more quantitative tests that employ purified 
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ribosomal preparations were demonstrated to stimulate both antibody and cell-mediated 
responses and to confer protection against challenge with Brucella. However, the individual 
components responsible for such activity were not identified until recently. It has been 
established that the L7/L12 ribosomal proteins are important in stimulating cell-mediated 
responses. They elicit delayed hypersensivity responses as components of brucellins, and as 
fusion proteins, they have been shown to stimulate protective responses to Brucella. They 
appear to have potential as candidate vaccine components (31,32). 

Bacterial pathogens that maintain long-term residence within host phagocytes probably 
express a variety of genes to help them adapt to the harsh environmental conditions of pH, 
nutrition deprivation, ROIs, and reactive nitrogen intermediates (RNIs) as well as lysosomal 
enzymes encountered within the phagosome .Prominent among these responses is the 
induction of heat shock proteins, suggesting that considerable protein misfolding and 
damage occurs within this compartment. However, the role of these proteins in Brucella 
pathogenesis was uncertain. B. abortus Lon transposon mutants were attenuated in BALB/c 
resident peritoneal macrophages but persistent in BALB/c mice except for a minor 
attenuation at 1 week postinfection, suggesting that Lon protease is important for Brucella 
survival during early infection. B. suis dnaK insertional mutants, defective in a member of 
the Hsp70 family, were attenuated in the human macrophagic cell line, U937. B. abortus htrA 
deletion mutants, deficient in a serine protease called high temperature- requirement A 
protein, have been considered to be attenuated in vitro and in vivo, but a recent report 
suggests that htrA mutants were in fact htrA cycL double deletion mutants. An additional 
report suggests that a B.melitensis authentic htrA deletion mutant was not attenuated in 
goats, suggesting that HtrA is not involved in Brucella pathogenesis. Also, the B. suis clpA 
deletion mutant was not attenuated in vitro or in vivo. Taken together, these reports suggest 
that not all heat shock proteins are critical to Brucella pathogenesis or that redundant 
function of heat shock proteins will compromise the functional deficiency caused by the loss 
of one heat shock protein (33,34,35,36). 
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6. Virulence 
The basis for the virulence of Brucella can be attributed to the ability of these bacteria to 
escape the host defense mechanisms and to survive and replicate within the host cells.  

Attempts to identify Brucella virulence factors have been made. The first studies reported 
that intracellular multiplication of Brucella was attributable to erythritol .Virulent Brucellae 
are capable of invading and residing in professional phagocytes, such as macrophages, as 
well as non-phagocytic cells. The mechanism of attachment and entry into these cells by 
Brucella has yet to be clearly elucidated. Virulence mechanisms identified so far is associated 
with the ability to reside within phagocytic and/or non-phagocytic cells are as follows: the 
ability to inhibit phagolysosome fusion, degranulation and activation of the myelo-
peroxidase-halide system, and the production of tumor necrosis factor (37,38). 

In both phagocytic and non-phagocytic cells, Brucella has the ability to replicate within 
membrane-bound compartments. In non-phagocytic cells, such as HeLa cells, virulent B 
.abortus 2308 has been documented to replicate in the endoplasmic reticulum by utilizing the 
auto phagic machinery of the HeLa cell. In professional phagocytes, the membrane-bound 
compartment within which virulent Brucella organisms can replicate is the phagosome. By 
some unknown mechanism, Brucella is able to block phagolysosome fusion. It is now 
thought that the production of adenine and guanine monophosphate can inhibit 
phagolysosome fusion. The ability to produce these compounds is therefore considered as 
virulence factor of Brucella. In contrast, attenuated strains of Brucella are unable to prevent 
such fusion and are thereby destroyed by the lysosomal contents. Research on intracellular 
survival and replication of Brucella within professional phagocytes has mainly focused on 
macrophages (39,40). Survival within macrophages is apparently associated with the 
production of many different proteins. These proteins tend to be stress induced proteins 
such as heat shock or acid-induced proteins. They include 17, 24, 28, 60, and 62 KD proteins . 
Two of these proteins, the 17 and 28 KD proteins, seem to be induced only during 
intracellular cohabitation of Brucella with macrophages (41,42). HtrA, another stress-induced 
protein, has been examined for its possible role in virulence and intracellular survival. Using 
deletion mutants, HtrA has been shown to be involved in inducing a granulomatous 
reaction and thus reduces the levels of infection during the early phase of infection (murine 
model). However, this does not result in reduced levels in the later phases of infection. In 
fact, overall, htrA-deficient mutants produce spleenic bacterial loads comparable to their 11 
wild-type counterparts. RecA mutants produce similar results as htrA mutants in early- and 
late-phase spleenic load (43).Two other types of proteins that have been put forth as possible 
virulence factors are siderophores and Cu-Zn superoxide dismutase (Cu-Zn SOD). Iron-
sequestration by siderophores may be an integral virulence factor in intracellular survival of 
Brucella species. Low levels of iron in vivo aid the host's ability to restrict microbial growth. 
Brucella species do carry iron-sequestering proteins and other siderophores, but their role in 
pathogenesis has not been clearly elucidated. Cu-Zn SOD may play a significant role in the 
early phase of intracellular infection, but contradictory results have been reported. Further 
studies are needed before the role of Cu-Zn SOD as a virulence factor of intracellular 
survival of Brucella can be accurately assessed (33,44). An auxotrophic mutation encoding 
for an essential enzyme (5’-phosphoribosyl-5-amino-4-imidazole carboxylase) necessary for 
the de novo synthesis of purines has been demonstrated to be essential for the intracellular 
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survival of B. melitensis. Deletion of the gene, purE, encoding this enzyme in virulent B. 
melitensis drastically reduced its ability to survive within macrophages and demonstrated 
attenuated behavior in mice and goats. Recently, a two-component regulatory system has 
been discovered in B. abortus. The Brucella virulence related proteins (Bvr) system consists of 
a regulatory (BvrR) and a sensory protein (BvrS). This regulatory system, BvrR-BvrS, may 
play a critical role in the ability of B.abortus to invade and multiply within cells. BvrR-
deficient mutants were obtained by transposon mutagenesis. Morphologically, these 
mutants produced smooth-type LPS (45). They were found to be increasingly sensitive to 
polycations surfactants and showed decreased in vivo replication and persistence in mouse 
spleens. This occurred even though no obvious 12 growth defects could be detected in the 
mutants in vivo. Complementation with the bvrR gene restores resistance to polycations and 
partially restored the ability of these mutants to multiply intracellularly. The results further 
suggest that restoration of full virulence requires both components of the regulatory system 
to be intact. Interestingly, LPS core and lipid A are known to be involved in polycationic 
resistance. Therefore, it is possible that these LPS features involved in polycationic 
resistance are under the BvrR-BvrS regulatory system. Analysis at the DNA level of bvrR 
and bvrS genes revealed that they are highly homologous to other regulatory systems being 
found within symbiotic plant pathogens such as Rhizobium meliloti (ChvI-ExoS system) and 
Agrobacterium tumefaciens (ChvI-ChvG system). It has been established that B. abortus, R. 
meliloti, and A. tumefaciens are phylogenetically related. Therefore, this suggests that the 
BvrR-BvrS system co-evolved with the other two systems listed above to aid in the ability of 
Brucella to survive intracellularly (22,46). Recently in B .suis, genes encoding a type IV 
secretion system homologous to the Agrobacterium tumefaciens VirB and Bordatella perutussis 
Pt1 systems have been identified to be essential for the intracellular survival in HeLa cells 
and human macrophages. Further research is needed to clearly understand the actual role of 
this secretion system in the virulence of Brucella species (47). At present, there is no evidence 
to support a secretion system within Brucella. If Brucella is capable of secreting, it is probably 
in very small amounts. Non-protein components of Brucella may also contribute to its ability 
to survive within cells. One such cellular component, lipopolysaccharide (LPS) will be 
discussed in the section below (46,47). 

The LPS of smooth strains of Brucella are comprised of a lipid A molecule, fatty acids, a core 
region, and a polysaccharide O-side chain. This O-side chain is made from a homopolymer 
of perosamine and is found on the surface of smooth strains, while rough organisms lack 
this chain on their LPS. Smooth Brucellae are able to survive intracellularly as compared to 
their rough counterparts. Therefore, smooth lipopolysaccharide (S-LPS) probably plays a 
significant role in pathogenesis. The simple explanation of rough versus smooth 
morphology and virulence, however, does not explain how naturally occurring rough 
species B. ovis and B. canis retain their virulence. Using Tn5 transposon mutagenesis, several 
genes necessary for the synthesis of S-LPS have recently been identified. Both in vitro and in 
vivo studies with the rough mutants derived from the deletion of these genes clearly 
established that S-LPS is necessary for efficient intracellular survival and virulence of B. 
melitensis, B. abortus, and B. suis. B. abortus S-LPS is 100 times less potent than that of E. coli 
and Salmonella in inducing TNF from macrophages as well as oxidative metabolism and 
lysozyme release by human neutrophils. This feature of S-LPS has been proposed to 
contribute to the survival of B. abortus within phagocytic cells. In addition, Brucella S-LPS is 
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been discovered in B. abortus. The Brucella virulence related proteins (Bvr) system consists of 
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not susceptible to the actions of polycationic molecules, suggesting that smooth Brucella can 
resist the cationic bactericidal peptides of the phagocytes. S-LPS has also been found to 
confer anti-phagocytic properties to Brucella and does not activate the alternate pathway of 
the complement cascade (37,48,49).  

7. Brucella vaccines 
7.1 Live, attenuated vaccines 

Both killed and live, attenuated vaccines have been examined for their potential role in the 
control and eradication of brucellosis in cattle, goats, and swine. Live, attenuated vaccines 
carry several advantages over their killed counterparts. First, immunity derived from their 
use tends to be cell-mediated and long lasting. Also, as they are administered live, the 
organism is allowed to replicate within the host, thus making them less expensive. 
However, some live, attenuated vaccines may cause abortion in pregnant females and 
therefore their use is often relegated to males and non-gravid females.  

The two main live, attenuated vaccines used in the control of B. abortus infection in cattle are 
B. abortus strain 19 and B. abortus strain RB51. A brief discussion of each, plus the use of B. 
melitensis strain Rev. 1 in goats, follows (48,50). 

7.2 Killed vaccines 

Killed vaccines can offer protection to a disease while still retaining safety for those animals 
that are young, immuno-suppressed, or pregnant. Over the years, a variety of killed 
vaccines have been developed for protection against brucellosis. They have had limited 
success. None have approached the protection status afforded by the live, attenuated 
vaccines. Examples of vaccines in this category are B. abortus strain 45/20 and B. melitensis 
H38. In addition to the lack of sufficient protection in the face of challenge, killed vaccines 
such as 45/20 and H38 can induce persistent antibody titers that can interfere with common 
serological tests used (51,52,53). 

7.3 Brucella abortus vaccines 

7.3.1 B. abortus strain 19 

Brucella abortus strain 19 (S19) is a smooth but attenuated strain. The molecular basis for the 
attenuation is not known. The strain S19 has been shown to contain a deletion in the 
erythritol catabolic genes rendering it sensitive to erythritol. However, such a deletion in 
virulent strains has been shown not to result in attenuation. Prior to the introduction of 
vaccine strain RB51 in 1996, B. abortus S19 was known to be the official vaccine strain. The 
strain S19 was quite effective in protecting cattle against subsequent infection with virulent 
strains of B. abortus (54). However, S19 did have several problems that restricted its use 
within the cattle. During protection studies, it was discovered that S19, when given to adult 
cattle (>1yr), often caused persistent titers which could not be distinguished from titers 
resulting from a natural infection using standard serological tests. The tests like a plate 
agglutination test, complement fixation (CFT), and tube agglutination tests can only detect 
the presence of antibodies against O-antigens. This directly undermined the brucellosis 
eradication program that was dependent on a test and slaughter strategy to reduce numbers 
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of infected cattle within the United States. Persistent antibodies could be detected for up to 
10-11 months post vaccination when vaccinating adult cattle with the standard dose (3 × 1010 
CFU). Although a rare finding, even some calves vaccinated S19 produced persistent 
antibodies (55,56). Use of S19 in pregnant cattle also resulted in abortions. Even when a 
reduced dose of S19 (1/20-1/100 of the standard dose) was used to vaccinate pregnant 
cattle, abortions in post-inoculation were still observed, although this reduced dose 
appeared to be less abortigenic (57,58). The use of the reduced dose vaccine did not 
eliminate the problem of persistent titers (51,59,60). In fact, these titers lasted about the same 
amount of time as the full dose (60). For this reason, Erasmus and Erasmus recommended 
that vaccination of adults with the reduced dose of S19 be relegated to herds heavily 
infected with B. abortus. As a result of the overwhelming experimental evidence, S19 was 
designated for use as a calf hood vaccine (4 to 12 month of age) (60). Calf hood vaccination 
with S19 is not completely without side effects. As with all other brucellosis vaccines, S19 
cannot be administered to bulls or bull calves due to the resulting persistent orchitis (61). 
There have also been reports of an arthropathy (gonitis) linked to vaccination of female 
calves with S19. Immunological studies by Wyn-Jones and colleagues indicated the presence 
of B. abortus strain S19 antigenic material within the cells of the stifle, synovial membrane 
and the drainage lymph nodes (54). With the discovery of B. abortus strain RB51, the benefits 
of S19 vaccination diminished and RB51 replaced S19 as the official vaccine for the 
brucellosis eradication program. The use of S19 has also raised concerns about human 
exposure to brucellosis vaccines. 

There have been several reports of illness following accidental self-inoculation with the S19 
vaccine (54,62). This stresses the importance of safe-handling practices when vaccinating 
herds for brucellosis using the S19 vaccine. It also led investigators to try and develop a 
more efficacious cattle vaccine that would also be safer in terms of potential human 
exposure (62,63,64). 

7.3.2 B. abortus strain RB51 

The use of B. abortus strain RB51 was approved to be the official strain employed to 
manufacture calf hood vaccine for protection against brucellosis in 1996. Vaccine strain RB51 
is a stable, rifampin-resistant, and derived from rough mutant of B. abortus 2308. It was 
derived by serial passage of parental strain 2308 on trypticase soy agar supplemented with 
varying concentrations of rifampin and penicillin. Colonies of RB51 are rough in 
morphology as indicated by their ability to absorb crystal violet as well as auto-agglutinate 
when in suspension. The LPS of RB51 is deficient in O-side chain, unlike its parental strain 
2308. Metabolically, RB51 shares the ability to use erythritol with strain 2308 and RB51 has 
proven to be an extremely stable rough mutant of B. abortus. Its stability and efficacy have 
been shown in vitro and in vivo (65,66). Like the strain S19 vaccine, calves must be 
vaccinated with strain RB51 between the ages of 4-12 months of age with the calf dose (1.0-
3.4 ×1010  CFU) and in high risk area animals receive the vaccine after 12 month of age (67). 
Advantages of RB51 over other vaccines for protection against bovine brucellosis are 
numerous. It does not produce any clinical signs post-vaccination, nor does it produce a 
local reaction at the site of injection (65). It is rapidly cleared from the bloodstream, as early 
as 2 weeks after post-inoculation. It is not shed in the nasal secretions, saliva, or urine. 
Therefore, the organism appears to be unable to spread from vaccinated to non-vaccinated 
animals through these routes. In immuno-suppressed animals, no recrudescence of infection 
has been documented. In addition, vaccination with RB51 affords a high level of protection, 
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not susceptible to the actions of polycationic molecules, suggesting that smooth Brucella can 
resist the cationic bactericidal peptides of the phagocytes. S-LPS has also been found to 
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Killed vaccines can offer protection to a disease while still retaining safety for those animals 
that are young, immuno-suppressed, or pregnant. Over the years, a variety of killed 
vaccines have been developed for protection against brucellosis. They have had limited 
success. None have approached the protection status afforded by the live, attenuated 
vaccines. Examples of vaccines in this category are B. abortus strain 45/20 and B. melitensis 
H38. In addition to the lack of sufficient protection in the face of challenge, killed vaccines 
such as 45/20 and H38 can induce persistent antibody titers that can interfere with common 
serological tests used (51,52,53). 

7.3 Brucella abortus vaccines 

7.3.1 B. abortus strain 19 

Brucella abortus strain 19 (S19) is a smooth but attenuated strain. The molecular basis for the 
attenuation is not known. The strain S19 has been shown to contain a deletion in the 
erythritol catabolic genes rendering it sensitive to erythritol. However, such a deletion in 
virulent strains has been shown not to result in attenuation. Prior to the introduction of 
vaccine strain RB51 in 1996, B. abortus S19 was known to be the official vaccine strain. The 
strain S19 was quite effective in protecting cattle against subsequent infection with virulent 
strains of B. abortus (54). However, S19 did have several problems that restricted its use 
within the cattle. During protection studies, it was discovered that S19, when given to adult 
cattle (>1yr), often caused persistent titers which could not be distinguished from titers 
resulting from a natural infection using standard serological tests. The tests like a plate 
agglutination test, complement fixation (CFT), and tube agglutination tests can only detect 
the presence of antibodies against O-antigens. This directly undermined the brucellosis 
eradication program that was dependent on a test and slaughter strategy to reduce numbers 
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of infected cattle within the United States. Persistent antibodies could be detected for up to 
10-11 months post vaccination when vaccinating adult cattle with the standard dose (3 × 1010 
CFU). Although a rare finding, even some calves vaccinated S19 produced persistent 
antibodies (55,56). Use of S19 in pregnant cattle also resulted in abortions. Even when a 
reduced dose of S19 (1/20-1/100 of the standard dose) was used to vaccinate pregnant 
cattle, abortions in post-inoculation were still observed, although this reduced dose 
appeared to be less abortigenic (57,58). The use of the reduced dose vaccine did not 
eliminate the problem of persistent titers (51,59,60). In fact, these titers lasted about the same 
amount of time as the full dose (60). For this reason, Erasmus and Erasmus recommended 
that vaccination of adults with the reduced dose of S19 be relegated to herds heavily 
infected with B. abortus. As a result of the overwhelming experimental evidence, S19 was 
designated for use as a calf hood vaccine (4 to 12 month of age) (60). Calf hood vaccination 
with S19 is not completely without side effects. As with all other brucellosis vaccines, S19 
cannot be administered to bulls or bull calves due to the resulting persistent orchitis (61). 
There have also been reports of an arthropathy (gonitis) linked to vaccination of female 
calves with S19. Immunological studies by Wyn-Jones and colleagues indicated the presence 
of B. abortus strain S19 antigenic material within the cells of the stifle, synovial membrane 
and the drainage lymph nodes (54). With the discovery of B. abortus strain RB51, the benefits 
of S19 vaccination diminished and RB51 replaced S19 as the official vaccine for the 
brucellosis eradication program. The use of S19 has also raised concerns about human 
exposure to brucellosis vaccines. 

There have been several reports of illness following accidental self-inoculation with the S19 
vaccine (54,62). This stresses the importance of safe-handling practices when vaccinating 
herds for brucellosis using the S19 vaccine. It also led investigators to try and develop a 
more efficacious cattle vaccine that would also be safer in terms of potential human 
exposure (62,63,64). 

7.3.2 B. abortus strain RB51 

The use of B. abortus strain RB51 was approved to be the official strain employed to 
manufacture calf hood vaccine for protection against brucellosis in 1996. Vaccine strain RB51 
is a stable, rifampin-resistant, and derived from rough mutant of B. abortus 2308. It was 
derived by serial passage of parental strain 2308 on trypticase soy agar supplemented with 
varying concentrations of rifampin and penicillin. Colonies of RB51 are rough in 
morphology as indicated by their ability to absorb crystal violet as well as auto-agglutinate 
when in suspension. The LPS of RB51 is deficient in O-side chain, unlike its parental strain 
2308. Metabolically, RB51 shares the ability to use erythritol with strain 2308 and RB51 has 
proven to be an extremely stable rough mutant of B. abortus. Its stability and efficacy have 
been shown in vitro and in vivo (65,66). Like the strain S19 vaccine, calves must be 
vaccinated with strain RB51 between the ages of 4-12 months of age with the calf dose (1.0-
3.4 ×1010  CFU) and in high risk area animals receive the vaccine after 12 month of age (67). 
Advantages of RB51 over other vaccines for protection against bovine brucellosis are 
numerous. It does not produce any clinical signs post-vaccination, nor does it produce a 
local reaction at the site of injection (65). It is rapidly cleared from the bloodstream, as early 
as 2 weeks after post-inoculation. It is not shed in the nasal secretions, saliva, or urine. 
Therefore, the organism appears to be unable to spread from vaccinated to non-vaccinated 
animals through these routes. In immuno-suppressed animals, no recrudescence of infection 
has been documented. In addition, vaccination with RB51 affords a high level of protection, 
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characterized by good cell mediated immunity. In one study, vaccination of cattle at least 
one year prior to mating induced 100% protection against abortion caused by exposure to 
field conditions of high and low brucellosis levels .The use of RB51 has also helped clear up 
the issue of Brucella-positive/"reactor" animals. Since RB51 lacks O-side chain, vaccination 
with the strain (unlike strain 19) produces no antibodies to O-side chain. This is particularly 
advantageous because all of the diagnostic tests used to screen for brucellosis in herds are 
directed toward the detection of O-antibodies in the serum or milk. Cattle vaccinated with 
RB51 are negative on all subsequent serological tests, including agar gel diffusion test. This 
lack of interfering antibodies is even true in the face of calf hood vaccination with strain 19 
and subsequent adult vaccination with RB51 (68). 

Although, sera from RB51 vaccinated cattle do not respond to standard diagnostic tests, they 
do contain antibodies that react to a dot-blot ELISA containing RB51 antigen (65). As these 
antigens are common to both RB51 and 2308, the dot-blot ELISA test cannot differentiate 
between vaccinated and infected animals; it is, therefore, relegated to assessing the humoral, 
non-protective immune response of cattle post-inoculation (69). In addition, there are two 
molecular methodologies that may be used to differentiate RB51 from other isolates: pulse 
field gel electrophoresis (PFGE) and polymerase chain reaction (PCR). RB51 possesses a 
unique fingerprint using the pulsed-field gel electrophoresis patterns of genomic DNA 
digested with restrictive endonuclease Xba I. The fingerprint of RB51 contains a unique band 
at 104 kb, as opposed to a 109-kb fragment within genomic DNA samples of B. abortus 
isolates from naturally infected cattle, bison, and elk (70). In addition, there is a specific PCR 
test that can differentiate RB51 isolates from all other Brucella isolates tested. This PCR 
method is based on the interruption of the wboA gene by an insertion element (IS711), a 
unique mutation present only in RB51 (71). In a murine model, B. abortus strain RB51 has 
been shown to confer protection against challenge with B. melitensis, B. suis, and B. ovis. 
However, in rams this vaccine did not induce protection against B. ovis challenge. Field 
trials indicate that B. abortus strain RB51 is also protective against swine brucellosis. 

In addition to domesticated species, B. abortus strain RB51 has also been used to vaccinate 
wild animals such as bison and elk. Oral vaccination of mice and cattle with RB51 has been 
shown to be effective in inducing protective immune responses. These results are 
encouraging and highlight the feasibility of oral vaccination of wild life on a large scale. 
RB51 may appear to be a safe vaccine with respect to human exposure (72,73).  

7.4 Brucella melitensis vaccines 

7.4.1 B. melitensis Rev. 1. 

B. melitensis Rev. 1 (Rev1) is currently the only approved vaccine available for protection 
against B. melitensis infection. In 1957, a smooth attenuated strain of B. melitensis was 
isolated from a streptomycin-dependent population that had been grown in a streptomycin 
deficient medium. In experimental challenge trials in goats, this strain was found to induce 
significant protection against the virulent challenge strain without shedding the organism. 
The organism was later designated B. melitensis Rev. 1. Use of the Rev1 vaccine has both 
advantages and disadvantages. Vaccination with Rev1 induces significant protection in 
sheep and goats. Rev1 has been found to be much more protective in goats and sheep 
challenged with virulent B. melitensis than those animals vaccinated with S19. The Rev1 
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vaccine does have some disadvantages. It can cause abortions if used in pregnant animals. 
Vaccination with Rev1 can result in persisting agglutinins that can interfere with various 
serological diagnostic tests. Rev1 is pathogenic to humans via aerosol exposure or self-
inoculation causing generalized brucellosis in affected individuals. Like all other Brucella 
vaccines, Rev1 can cause local hypersensitivity reactions in cases of accidental inoculation 
(12,74,75,76,77,78). 

8. Brucella R mutants for vaccine studies 
8.1 B. abortus 45/20 

This R vaccine was obtained after twenty passages in guinea pigs of a field isolate (B. abortus 
strain 45) in 1938. However, the original 45/20 strain was reported to revert to S pathogenic 
forms when injected into cattle. Alton reports of experiments with several 45/20 stocks 
which, after repeated passages in guinea pigs, showed either S-intermediate and R colonies 
or only R forms depending on the origin of the stocks. This suggests that the original strain 
contained in fact several different clones so that the S-intermediate ones were selected when 
injected into cattle. Also, it seems likely that different laboratory variants of this strain have 
coexisted for years. The genetic defects in this strain are unknown and the vaccine is not 
presently marketed (65,79).  

8.2 B. abortus RB51 

 Strain RB51 is a spontaneous R mutant selected after repeated in vitro passages of B. abortus 
2308 on media containing rifampin and penicillin. Selection was performed using crystal 
violet and acryflavin tests. RB51 carries an IS711 spontaneously inserted into wboA 
(putatively coding for a glycosyltransferase). However, a wboA transposon mutant obtained 
from strain 2308 is not as attenuated as RB51 and the protection afforded by wboA mutant 
vaccines in mice is better than that provided by RB51, which shows that RB51 carries 
additional and unknown defects. In the complete sequence of B. melitensis, B. suis and B. 
abortus genomes (an annotated B. abortus complete sequence is not available) wboA maps 
outside of the main wbk* O-PS genetic region. RB51 accumulates small amounts of O-PS. 
This is noteworthy because, accepting that the current model of the B. abortus LPS structure 
is correct, mutation in a wb** gene should prevent O-PS synthesis. Complementation of 
RB51 with wboA increases O-chain expression but does not restore the S phenotype 
suggesting that other LPS genes are affected. In addition, although sodium dodecyl sulfate 
(SDS) polyacrylamide gel electrophoresis (SDS-PAGE) migration patterns have been 
interpreted to mean that RB51 carries a LPS with a complete core, chemical analyses showed 
that this R-LPS contains 2.5 times less mannose than the B. abortus RA1 wboA mutant. The 
presence of additional mutations in genes of strain RB51 are not involved in LPS synthesis 
and cannot be excluded either (80,81). On the contrary to 45/20, RB51 is stable and it is 
currently being used in some countries instead of S19. Although it should show very low or 
no virulence in humans, there is little information on this point and there has been at least 
one case of RB51 infection in a veterinarian demonstrated by bacteriological isolation and 
typing of the strain. It has to be stressed that RB51 is resistant to rifampin, an antibiotic 
currently used in the groups of brucellosis patients that cannot be treated with streptomycin 
(pregnant women, children of young age, and endocarditis and neurobrucellosis cases) (34). 
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characterized by good cell mediated immunity. In one study, vaccination of cattle at least 
one year prior to mating induced 100% protection against abortion caused by exposure to 
field conditions of high and low brucellosis levels .The use of RB51 has also helped clear up 
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with the strain (unlike strain 19) produces no antibodies to O-side chain. This is particularly 
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RB51 are negative on all subsequent serological tests, including agar gel diffusion test. This 
lack of interfering antibodies is even true in the face of calf hood vaccination with strain 19 
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Although, sera from RB51 vaccinated cattle do not respond to standard diagnostic tests, they 
do contain antibodies that react to a dot-blot ELISA containing RB51 antigen (65). As these 
antigens are common to both RB51 and 2308, the dot-blot ELISA test cannot differentiate 
between vaccinated and infected animals; it is, therefore, relegated to assessing the humoral, 
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However, in rams this vaccine did not induce protection against B. ovis challenge. Field 
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In addition to domesticated species, B. abortus strain RB51 has also been used to vaccinate 
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shown to be effective in inducing protective immune responses. These results are 
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against B. melitensis infection. In 1957, a smooth attenuated strain of B. melitensis was 
isolated from a streptomycin-dependent population that had been grown in a streptomycin 
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significant protection against the virulent challenge strain without shedding the organism. 
The organism was later designated B. melitensis Rev. 1. Use of the Rev1 vaccine has both 
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sheep and goats. Rev1 has been found to be much more protective in goats and sheep 
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vaccine does have some disadvantages. It can cause abortions if used in pregnant animals. 
Vaccination with Rev1 can result in persisting agglutinins that can interfere with various 
serological diagnostic tests. Rev1 is pathogenic to humans via aerosol exposure or self-
inoculation causing generalized brucellosis in affected individuals. Like all other Brucella 
vaccines, Rev1 can cause local hypersensitivity reactions in cases of accidental inoculation 
(12,74,75,76,77,78). 

8. Brucella R mutants for vaccine studies 
8.1 B. abortus 45/20 

This R vaccine was obtained after twenty passages in guinea pigs of a field isolate (B. abortus 
strain 45) in 1938. However, the original 45/20 strain was reported to revert to S pathogenic 
forms when injected into cattle. Alton reports of experiments with several 45/20 stocks 
which, after repeated passages in guinea pigs, showed either S-intermediate and R colonies 
or only R forms depending on the origin of the stocks. This suggests that the original strain 
contained in fact several different clones so that the S-intermediate ones were selected when 
injected into cattle. Also, it seems likely that different laboratory variants of this strain have 
coexisted for years. The genetic defects in this strain are unknown and the vaccine is not 
presently marketed (65,79).  

8.2 B. abortus RB51 

 Strain RB51 is a spontaneous R mutant selected after repeated in vitro passages of B. abortus 
2308 on media containing rifampin and penicillin. Selection was performed using crystal 
violet and acryflavin tests. RB51 carries an IS711 spontaneously inserted into wboA 
(putatively coding for a glycosyltransferase). However, a wboA transposon mutant obtained 
from strain 2308 is not as attenuated as RB51 and the protection afforded by wboA mutant 
vaccines in mice is better than that provided by RB51, which shows that RB51 carries 
additional and unknown defects. In the complete sequence of B. melitensis, B. suis and B. 
abortus genomes (an annotated B. abortus complete sequence is not available) wboA maps 
outside of the main wbk* O-PS genetic region. RB51 accumulates small amounts of O-PS. 
This is noteworthy because, accepting that the current model of the B. abortus LPS structure 
is correct, mutation in a wb** gene should prevent O-PS synthesis. Complementation of 
RB51 with wboA increases O-chain expression but does not restore the S phenotype 
suggesting that other LPS genes are affected. In addition, although sodium dodecyl sulfate 
(SDS) polyacrylamide gel electrophoresis (SDS-PAGE) migration patterns have been 
interpreted to mean that RB51 carries a LPS with a complete core, chemical analyses showed 
that this R-LPS contains 2.5 times less mannose than the B. abortus RA1 wboA mutant. The 
presence of additional mutations in genes of strain RB51 are not involved in LPS synthesis 
and cannot be excluded either (80,81). On the contrary to 45/20, RB51 is stable and it is 
currently being used in some countries instead of S19. Although it should show very low or 
no virulence in humans, there is little information on this point and there has been at least 
one case of RB51 infection in a veterinarian demonstrated by bacteriological isolation and 
typing of the strain. It has to be stressed that RB51 is resistant to rifampin, an antibiotic 
currently used in the groups of brucellosis patients that cannot be treated with streptomycin 
(pregnant women, children of young age, and endocarditis and neurobrucellosis cases) (34). 
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 RB51 has been used as the starting strain in two genetic manipulations. First, the wboA 
defect has been complemented with a functional wboA gene to generate strain RB51Wboa. 
This strain keeps the R phenotype manifested in the crystal violet and acryflavin tests, but 
expresses increased amounts of O-PS which by immuno-electron microscopy seems to be 
accumulated in the cytoplasm. However, at least part of this O-PS may be linked to a lipid to 
give an immunogenic form because it migrates in SDS-PAGE and vaccination of mice with 
RB51WboA elicits IgG antibodies of at least C specificity. Second, the Brucella Cu/Zn 
superoxide dismutase gene has been introduced in RB51 to obtain strain RB51SOD which 
over expresses (tenfold) this protein. The aim of this manipulation is to increase the 
expression of a Brucella antigen and a possible virulence factor on the RB51 background 
(33,82,83). 

8.3 wboA mutants other than RB51  

Mutants in this putative glycosyltransferase gene have been obtained from B. melitensis 16M 
and B. suis 2579 by allelic exchange to generate the strains VTRM1 and VTRS1, respectively. 
Both are kanamycin resistant since they carry a Tn5 element. Although, it was originally 
named rfbU, blast analysis of the Salmonella typhi RfbU prototype against the B. melitensis 
genome shows the highest similarity (E value 1e–16) with WbkA, and more recently the gene 
has been renamed wboA (E value for RfbU versus WboA is only 2e–04). The VTRM1 and 
VTRS1 mutants are stable in mice, lack reactivity with monoclonal antibodies of C 
specificity and have an R phenotype but they have not been tested for the absence of core 
defects or expression of cytoplasmic O-PS (84,85,86). 

8.4 Mutants in the wbk region 

Several mutants in this cluster of O polysaccharide genes have been describe, and two have 
been analyzed as vaccines. B. abortus 2.17 and B. abortus 9.49 have been obtained from B. 
abortus 2308 by transposon mutagenesis and selection for polymyxin B sensitivity, and they 
carry the Tn5 insert (they are kanamycin resistant) in wbkA and per, respectively. Both are 
resistant to the S Brucella specific phages, sensitive to the R Brucella specific R/C phage and 
positive in the crystal violet and acryflavin tests and do not express O-PS. As judged by the 
electrophoretic mobility and the reactivity with monoclonal antibodies specific for the inner 
and outer core epitopes, the R-LPS of both mutants keeps an intact core oligosaccharide, 
which is consistent with the position of wbkA in the major O-PS genetic region and the 
putative role of Per. 4.6. Mutants in genes affecting the LPS core structure (27,28,29).  

8.5 B. abortus B2211 pgm  

This mutant carries a gentamicin-resistance non polar cassette in the pgm 
(phosphoglucomutase) gene of B. abortus 2308. It is resistant to the S-Brucella specific Tb 
phage and carries R-LPS as judged by SDS-PAGE analysis. The central role of this enzyme in 
the synthesis of hexoses derived from glucose makes pleiotropic effects on the synthesis of 
oligo- and polysaccharides likely and, at least, the pgm mutant is also blocked in the 
synthesisof the periplasmic β(1,2) cyclic glucans . Mutation in the homologous gene of B. 
melitensis causes a core defect as judged by the electrophoretic mobility in SDS-PAGE of its 
R-LPS (30,87,88)).  
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8.6 B. abortus mutant 80.16 wa** 

This is a mutant in a putative glycosyltransferase gene involved in core synthesis (hence its 
provisional denomination as wa**) as shown by SDS-PAGE and Western blots with 
monoclonal antibodies to core epitopes. Like B. abortus 9.49, it was obtained by Tn5 
transposon mutagenesis of B. abortus 2308 and selection for polymyxin B sensitivity. This 
mutant is resistant to kanamycin, to the S brucella phages, sensitive to phage R/C and does 
not express O-PS. A remarkable feature of the R-LPS of this mutant is that while keeping a 
fully reactive outer core epitope, it shows a reduced reactivity with monoclonal antibodies 
to the inner core epitope suggestive of a branch in the inner core in which the missing 
sugar(s) would be placed (29).  

8.7 B. abortus manBcore mutants 

Two different mutants in this gene, both from B. abortus 2308, have been described: the rfbK 
mutant and mutant 55.30. 

 The mutated gene (formerly rfbK but manB according to recent nomenclature) putatively 
codes for a phosphomannomutase and is thus predicted to be involved in the synthesis of 
mannose-1-P. Although mannose-1-P is a precursor of perosamine (the O-PS sugar), the 
mutated gene is not homologous to the manB of the wbk region (manBOAg) and its location , 
the lack of reactivity with monoclonal antibodies of outer core specificity and the SDS-PAGE 
profile of the corresponding R-LPS show that it acts as a manBcore. This is consistent with 
the presence of mannose in the core of B. abortus (12,29,89). 

9. Can proteomics help in developing vaccines to protect animals or humans 
against brucellosis? 
The identification of immunogenic proteins will also be a further step towards the 
understanding of the humoral immune response during Brucella infections. Most studies on 
the antigenicity of Brucella proteins are either hampered by the limited number of proteins 
investigated or the complexity of the protein mixtures used. Differences in the seroreactivity 
of various protein classes are well known, e.g. cytoplasmic proteins induce a higher 
antibody response than outer membrane proteins. Additionally, the production of 
antibodies directed against proteins may be host specific, e.g. anti-OMP28 antibodies were 
detected in Brucella infected humans and goats, but not in pigs and cattle (90). 

Immunoproteomics is the approach to identify specific immunogenic proteins in high 
resolution in the wide range of proteins expressed by Brucella. Previous studies of the 
Brucella proteome mainly focused on B. melitensis and the protein map of B. melitensis 16M 
(htpp://www.proteome.scranton.edu) may be used as a reference map for other Brucella 
spp.. However, crucial phenotypic differences responsible for host specificity, virulence, and 
immunogenicity may exist despite the close genetic relatedness within the genus Brucella. 
Five hundred fifty-seven protein spots representing 232 discrete ORFs were identified in B. 
melitensis using 2-D and MALDI-MS. Protein expression profiles of B. melitensis under 
various growth conditions, in wild type and attenuated vaccine strains have also been 
investigated. B. abortus proteomic studies have primarily been directed at the identification 
of virulence factors (Sowa et al., 1992; Lin and Ficht, 1995; Rafie-Kolpin et al., 1996). 
However, only one immunoproteomic study of Brucella has been published so far. In this, 
Teixeira- Gomes et al. (1997a) identified immunogenic proteins of B. ovis (91,92). 
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 RB51 has been used as the starting strain in two genetic manipulations. First, the wboA 
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A lot of experiences have been involved in a comprehensive analysis of the B. melitensis 16M 
proteome, and initial results have been published recently. Previous proteomics studies 
using B. melitensis cells grown under different conditions have been reported, and initial 
work on the B. abortus proteome has been described. A comparative study was conducted 
with B. abortus vaccine strains S19 and RB51 and virulent strain 2308. recently, 
Eschenbrenner et al.  compared the proteome of laboratory-grown strain Rev 1 to that of 
strain 16M by using two-dimensional (2-D) gel electrophoresis and matrix-assisted laser 
desorption/ionization (MALDI)-mass spectrometry (MS) to elucidate differences between 
the protein expression patterns of the two strains. Differentially expressed proteins were 
identified and grouped into three major classes: (i) protein spots unique to either 16M or 
Rev 1, (ii) proteins overexpressed in Rev 1, and (iii) proteins underexpressed in Rev 1 
(93,94). 

Comparative proteome analysis of vaccine strain Rev 1 and virulent strain 16M of B. 
melitensis indicates that the two strains have significant metabolic differences. Differentially 
expressed proteins involved in iron metabolism, sugar transport, lipid metabolism, and 
protein synthesis were identified. The expression of proteins essential for both low and high 
iron availability suggests a misregulated system for iron metabolism and capture, leading to 
possible unnecessary expenditure of energy. This may be a consequence of successive in 
vitro passages of B. melitensis in the presence of streptomycin. It is difficult to state what 
changes were directly or indirectly effected by this stressful growth condition. However, 
one plausible theory is that to compensate for these changes in gene expression, Rev 1 may 
have up-regulated other pathways, such as those involved in the _ oxidation of fatty acids 
and protein synthesis, to generate more reducing equivalents, ultimately for use in the 
production of ATP. These alterations would compensate for the energy loss due to 
misregulation of iron metabolism (72,95). 

Brifly,The proteomes of selected Brucella spp. have been extensively analyzed by utilizing 
current proteomic technology involving 2-DE and MALDI-MS. In B. melitensis, more than 
500 proteins were identified. The rapid and large-scale identification of proteins in this 
organism was accomplished by using the annotated B. melitensis genome which is now 
available in the GenBank. Coupled with new and powerful tools for data analysis, 
differentially expressed proteins were identified and categorized into several classes. A 
global overview of protein expression patterns emerged, thereby facilitating the 
simultaneous analysis of different metabolic pathways in B. melitensis. Such a global 
characterization would not have been possible by using time consuming and traditional 
biochemical approaches. The era of post-genomic technology offers new and exciting 
opportunities to understand the complete biology of different Brucella species (93,95,96). 

Comprehensive proteome maps of all six Brucella species will be generated in order to 
obtain vital information for vaccine development, identification of pathogenicity islands, 
and establishment of host specificity and evolutionary relatedness. 

10. Brucella subunit vaccine 
Different studies have evaluated surface structures and antigens of Brucella as 
immunopotent components to design an efficient brucellosis subunit vaccine. 

Currently subunit vaccines are being considered to develop effective vaccines for human 
which has been evidenced by vaccines currently available against the infections such as 
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meningococcal diseases and influenza. In parallel, subunit vaccines are hot topics in the 
development and design of human brucellosis vaccine. Jacques et al., showed the efficacy of 
Brucella O-polysaccharide-BSA conjugate in protection against Brucella melitensis H38 (97). 
Other studies have been carried out to design subunit vaccines using other components and 
conjugated compounds such as porins and smooth lipopolysaccharide, recombinant 
ribosomal proteins and anti-OPS specific monoclonal antibodies (98, 99, 100, 101). Brucella 
antigens have been applied along with different adjuvants to augment immune responses 
against this organism. 

The latest studies in the field of brucellosis subunit vaccines have been carried out by 
Bhattacharjee et al (102) and Sharifat et al. (103) have evaluated the (Group B Outer 
Membrane Proteins) GBOMP _ B. melitensis strain 16M LPS non-covalent complex to elicit 
the immunity against brucellosis in mice. In order to explore the efficacy of Brucella abortus 
LPS combined with different adjuvants and proteins (as a vaccine candidate) in the 
induction of response as an effective and long-lasting immunity against Brucella, Sharifat et 
al., evaluated and reported the outer membrane vesicles of Neisseria meningitidis serogroup B 
(GBMOMV) as a potent subcutaneous adjuvant and a part of a brucellosis candidate vaccine 
to induce high titres of specific anti-Brucella abortus S99 LPS in animal model. 

The other candidate antigens are Brucella proteins with different cellular locations (Table 1). 
Four proteins are outer membrane proteins. The other nine proteins are located in 
cytoplasm (5 proteins), periplasm (4 proteins), and cytoplasmic membrane (1 protein) (104). 
 

Symbol Protein Description Location 
BLS Brucella lumazine synthase Cytoplasm 

L7/L12 Ribosomal protein L7/L12 Cytoplasm 
P39 sugar-binding 39-kDa protein Periplasm 
Bfr Ferritin:Bacterioferritin Cytoplasm 

Bp26 Periplasmic immunogenic protein Periplasm 
DnaK Molecular chaperone DnaK Cytoplasm 
IalB Invasion protein B Cytoplasmic membrane 

Omp16 Outer membrane protein MotY Outer membrane 
Omp19 Lipoprotein Omp19 Outer membrane 
Omp25 25 kDa outer-membrane immunogenic protein precursor Outer membrane 
Omp31 OmpA-like transmembrane domain Outer membrane 
SodC Cu/Zn superoxide dismutase Periplasm 
SurA Peptidyl-prolyl cis-trans isomerase Periplasm 
Tig Trigger factor Cytoplasm 

Table 1. Brucella proteins studied as sub-unit vaccines  

11. Bioinformatic application and reverse vaccinoloy 
Reverse vaccinology is an emerging vaccine development approach that starts with the 
prediction of vaccine targets using bioinformatics screening of an entire genome of a 
pathogenic organism (105). Vaxign is the first web-based vaccine design program that 
predicts vaccine targets based on reverse vaccinology. The Vaxign computational pipeline 
includes the following features: subcellular localization, topology (transmembrane helices 
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and beta barrel structure), adhesin probability, similarity to other pathogen sequences, 
similarity to host genome sequences (e.g., human or mouse), and MHC class I and II epitope 
predictions. Vaxign has been used to predict Brucella outer membrane proteins (OMP) as 
potential vaccine targets using B. abortus strain 2308 genome as the seed genome (106). 
Vaxign has identified 46 Brucella periplasmic proteins that are conserved in all B. abortus, B. 
melitensis, and B. suis genomes and lack sequence similarity with proteins in human or 
mouse genomes. The values of these proteins for vaccine development also deserve further 
analysis. 

Using the same criteria (sequence conservation and dissimilarity from human or mouse 
proteins), Vaxign has detected approximately 1,000 cytoplasmic proteins. It is impractical to 
individually test this high number of proteins for vaccine development. Considering only 
five cytoplasmic proteins have been experimentally confirmed to be protective antigens out 
of 1,000 conserved cytoplasmic proteins, it is much less likely that cytoplasmic proteins 
serve as protective antigens compared to outer membrane and periplasmic proteins. Vaxign 
also contains an epitope prediction component that can predict MHC class I and II binding 
epitopes (107). The addition of epitope prediction allows further analysis for the existence of 
potential Brucella vaccine targets. 

12. Brucella DNA vaccines 
DNA vaccination is a novel and powerful method of immunization that induces both 
humoral and cellular (Th1 and CTL) immune responses and protection against a variety of 
pathogens (104). Based on the results obtained with DNA vaccines against other pathogenic 
intracellular bacteria, many studies of brucellosis have been conducted (108, 109, 110, 111, 
112, 113, 114). These vaccines induced strong Th1 responses, and some of them conferred 
protection against challenge with B. abortus (108, 110, 112, 113, 114). 

Immunization of BALB/c mice with B. melitensis Omp31 gene cloned in the pCI plasmid 
(pCIOmp31) conferred protection against B. ovis and B. melitensis infection. Mice vaccinated 
with pCIOmp31 developed a very weak humoral response, and in vitro stimulation of their 
splenocytes with recombinant Omp31 did not induced the secretion of gamma interferon. 
Splenocytes from Omp31-vaccinated animals induced a specific cytotoxic-T-lymphocyte 
activity, which leads to the in vitro lysis of Brucella-infected macrophages. pCIOmp31 
immunization elicited mainly CD8_ T cells, which mediate cytotoxicity via perforins, but 
also CD4_ T cells, which mediate lysis via the Fas-FasL pathway. In vivo depletion of T-cell 
subsets showed that the pCIOmp31-induced protection against Brucella infection is 
mediated predominantly by CD8_ T cells, although CD4_T cells also contribute. Our results 
demonstrate that the Omp31 DNA vaccine induces cytotoxic responses that have the 
potential to contribute to protection against Brucella infection. The protective response 
could be related to the induction of CD8_ T cells that eliminate Brucella-infected cells via the 
perforin pathway (115). 

Kurar and Splitter (110) showed that DNA vaccination with the B. abortus ribosomal L7/L12 
gene elicits humoral and cellular immune responses and partial protection. Thus, plasmid 
DNA vaccination may be a successful alternative method for conferring protection against 
Brucella. In addition, a genetic vaccine, by inducing an immune response to a single protein, 
would make possible the development of diagnostic tests that could differentiate vaccinated 
animals from infected animal.  
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Velikovsky et al.,(113) showed that injection of plasmid DNA carrying the Brucella abortus 
lumazine synthase (BLS) gene (pcDNA-BLS) into BALB/c mice elicits both humoral and 
cellular immune responses. Antibodies to the encoded BLS included immunoglobulin G1 
(IgG1) IgG2a, IgG2b, IgG3, and IgM isotypes. Animals injected with pcDNA-BLS exhibited a 
dominance of IgG2a over IgG1. pcDNA-BLS is a good immunogen for the production of 
humoral and cell-mediated responses in mice and is a candidate for use in future studies of 
vaccination against brucellosis. 

Gonzalez-Smith et al (116) showed that Injection of mice with a plasmid DNA carrying the 
gene for superoxide dismutase (pSecTag-SOD) leads to the development of significant 
protection against B. abortus challenge. They also evaluated the effect of delivering IL-2 on 
the efficacy of SOD DNA vaccine by generating a plasmid (pSecTag-SOD-IL2) that codes for 
a secretory fusion protein of SOD and IL-2. Although mice immunized with pSecTag-SOD-
IL2 showed increased resistance to challenge with B. abortus virulent strain 2308, this 
increase was not statistically significant from that of pSecTag-SOD vaccinated mice. These 
results suggest that a SOD DNA vaccine fused to IL2 did not improve protection efficacy 
(116). 

DNA vaccination approaches offer the possibility of inducing both cellular and humoral 
responses. Approaches have varied from use of a whole library from B. abortus (117), 
overcoming the need for prior knowledge and selection of specic antigens to selection of 
specic candidates and their subsequent evaluation as DNA vaccines against brucellosis. 
Various candidates have been explored for their value as DNA vaccines against brucellosis 
providing various levels of protective efcacy in the mouse model (108, 111, 114, 113, 112). 
Disadvantages of the DNA vaccination approach are the amount of DNA required to elicit 
the required response, and the often disappointing results obtained following assessment of 
the vaccines in the target animal (118). Investigation of enhanced delivery mechanisms may 
overcome these issues. 

The availability of the genome sequences and the application of postgenomic approaches to 
identify potential vaccine candidate antigens, together with the improving knowledge of the 
protective immune response would provide an efficient nonliving vaccine.  

13. Conclusion 
Brucellosis is a disease which causes economic disadvantages in developed as well as 
developing/ underdeveloped countries. However to overcome such economic disaster, it is 
essential by employing various techniques ranging from conventional techniques to 
advanced ones such as genetic , proteomics, metabolic engineering. However by employing 
such techniques it will be possible to develop a vaccine against Brucellosis either for animals 
or humans. 
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lumazine synthase (BLS) gene (pcDNA-BLS) into BALB/c mice elicits both humoral and 
cellular immune responses. Antibodies to the encoded BLS included immunoglobulin G1 
(IgG1) IgG2a, IgG2b, IgG3, and IgM isotypes. Animals injected with pcDNA-BLS exhibited a 
dominance of IgG2a over IgG1. pcDNA-BLS is a good immunogen for the production of 
humoral and cell-mediated responses in mice and is a candidate for use in future studies of 
vaccination against brucellosis. 

Gonzalez-Smith et al (116) showed that Injection of mice with a plasmid DNA carrying the 
gene for superoxide dismutase (pSecTag-SOD) leads to the development of significant 
protection against B. abortus challenge. They also evaluated the effect of delivering IL-2 on 
the efficacy of SOD DNA vaccine by generating a plasmid (pSecTag-SOD-IL2) that codes for 
a secretory fusion protein of SOD and IL-2. Although mice immunized with pSecTag-SOD-
IL2 showed increased resistance to challenge with B. abortus virulent strain 2308, this 
increase was not statistically significant from that of pSecTag-SOD vaccinated mice. These 
results suggest that a SOD DNA vaccine fused to IL2 did not improve protection efficacy 
(116). 

DNA vaccination approaches offer the possibility of inducing both cellular and humoral 
responses. Approaches have varied from use of a whole library from B. abortus (117), 
overcoming the need for prior knowledge and selection of specic antigens to selection of 
specic candidates and their subsequent evaluation as DNA vaccines against brucellosis. 
Various candidates have been explored for their value as DNA vaccines against brucellosis 
providing various levels of protective efcacy in the mouse model (108, 111, 114, 113, 112). 
Disadvantages of the DNA vaccination approach are the amount of DNA required to elicit 
the required response, and the often disappointing results obtained following assessment of 
the vaccines in the target animal (118). Investigation of enhanced delivery mechanisms may 
overcome these issues. 

The availability of the genome sequences and the application of postgenomic approaches to 
identify potential vaccine candidate antigens, together with the improving knowledge of the 
protective immune response would provide an efficient nonliving vaccine.  

13. Conclusion 
Brucellosis is a disease which causes economic disadvantages in developed as well as 
developing/ underdeveloped countries. However to overcome such economic disaster, it is 
essential by employing various techniques ranging from conventional techniques to 
advanced ones such as genetic , proteomics, metabolic engineering. However by employing 
such techniques it will be possible to develop a vaccine against Brucellosis either for animals 
or humans. 
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1. Introduction 
Leptospirosis is a zoonotic disease affecting man and animals worldwide. The causative 
organisms are the pathogenic members of the spirochetes belonging to the genus Leptospira 
[Bharti et al., 2003; Levett, 2001]. The disease, more prevalent in tropical regions, especially 
in developing and under-developed countries has remained largely unnoticed due to poor 
diagnosis. This zoonotic disease is predominantly an occupational disease affecting farmers 
and others working in close association with animals. It has also been reported in events like 
water sports, swimming and other recreational activities. In the past decade there were 
several outbreaks of the disease occurring globally after natural calamities like floods and 
cyclones. Leptospirosis occurs both in rural and urban environments with wet and humid 
conditions favouring its transmission. Humans are accidental hosts whereas wild, domestic 
and peri-domestic animals serve as reservoir hosts with rodents playing a major role in the 
transmission of the disease. The infected animals shed the organisms via urine into the 
immediate environment and humans acquire the infection, either directly from the animals 
or indirectly from the contaminated environment.  

In 1886, Adolf Weil first reported leptospirosis (see Box 1 for a historical perspective of the 
disease) as a syndrome characterized by splenomegaly, jaundice and nephritis that is now 
commonly reported as Weil’s disease and is synonymous with leptospirosis [Levett, 2001]. 
In several countries in the Southeast Asia region, the disease is endemic but is grossly 
under-reported as the protean clinical manifestations are difficult to differentiate from other 
diseases like influenza (commonly called ‘flu’), dengue and malaria and due to the lack of 
simple, rapid and efficient tests for early diagnosis. The need of the hour is a better 
understanding of host-pathogen interactions; unravelling the complex mechanisms 
elaborated by the pathogen to establish infection and the diverse efforts of the mammalian 
host to contain the pathogen and prevent disease development will aid in the identification 
of potential vaccine and diagnostic candidates. This is now possible with significant 
advances in the field of leptospirosis, especially the sequencing of several leptospiral 
genomes providing better insights into the biology of the causative organisms and the 
development of better genetic tools for Leptospira spp.  
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Box 1: Leptospira and leptospirosis: a historical reflection  
Several years after the first clinical reporting of the disease by Adolf Weil (1886), Inada 
and Ido (1915) demonstrated leptospires as the causative organisms for this disease 
[Inada et al., 1995]. Unfortunately, the sentinel observations made by Stimson [Stimson, 
1907] went unrecognized. He demonstrated the presence of spirochetes in renal tubule 
specimens from a patient diagnosed to have died of yellow fever and called them 
Spirocheta interrogans, as the hook at the ends resembles a question mark. The free-
living or the saprophytic counterparts of these organisms were found in fresh water 
and were called as Spirocheta biflexa [Walbach and Binger, 1914]. Ido and his group 
(1917) unequivocally proved the role of rats in the transmission of the disease to 
humans that led to the establishment of leptospirosis as a zoonotic disease. The disease 
came to be recognised as an occupational disease and was referred to as ‘akiyami’ the 
harvest fever in Japan, cane cutter’s disease in Australia, rice field leptospirosis in 
Indonesia and so on. The disease was reported in India, as early as 1903 by Chowdry 
(as reported by [Vijayachari et al., 2008]. An extensive and detailed account of the 
disease was documented by Taylor & Goyle [Taylor and Goyle, 1931] in the Andaman 
archipelago. Today, the leptospiral etiology of the ‘Andaman fever’ or ‘Andaman 
haemorrhagic fever’ (AHF) accounting for several deaths in the Andaman & Nicobar 
Islands, India is well known. The contribution of Faine and his group in the 
understanding of the basic biology of these organisms, identification of multitude of 
serovars and the range of mammalian hosts, including humans, wild and domestic 
animals contributed significantly to the field of leptospirosis. Subsequent years focused 
on leptospiral proteins, including LipL41 & Omp1 [Haake et al., 1993; Haake et al., 
1999], LipL32 [Haake et al., 2000], LigA & LigB proteins [Koizumi and Watanabe, 2004; 
Matsunaga et al., 2003], HbpA [Sritharan et al., 2005], [Asuthkar, 2007]. Ren et al [Ren 
et al., 2003] was the first to sequence the genome of the pathogenic L. interrogans 
serovar Lai to be followed by others deciphering the genome of Copenhageni 
[Nascimento et al., 2004], two strains of serovar Hardjo belonging to L. borgpetersenii 
[Bulach et al., 2006] and the non-pathogenic L. biflexa serovar Patoc [Picardeau et al., 
2008]. Today we have before us a vast amount of information on these organisms that 
needs to be mined towards development of better control measures.    

2. Biology of leptospires 
2.1 General features 

Leptospires are obligate aerobic spirochetes with characteristic hooks at their ends. They are 
thin (0·25 µm) and long (6-25 µm) and can easily pass through 0.2 µM filters. These highly 
motile organisms showing the characteristic cork-screw movement include the pathogenic 
and saprophytic members (see Box 2 for classification); the former are usually shorter than 
the non-pathogenic members. 

As these organisms are too thin, it is difficult to visualise them by the conventional stains, 
though occasionally silver staining is used. The characteristic cork-screw movement of these 
organisms in thin wet preparations makes it possible to view these organisms by dark field 
and phase-contrast microscopy.   
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Box 2: Classification of Leptospira spp. 
Taxonomically, Leptospira are classified as Gracillicutes (Division), Scotobacteria (Class), 
Spirochaetales (Order), Leptospiraceae (Family) and Leptospira (Genus) [Paster and 
Dewhirst, 2000]. In addition to the genus Leptospira, the genera Leptonema and Turneria are 
included in the family Leptospiraceae. The different members of the genus Leptospira are 
classified based on their antigen-relateness (serological) or DNA-relatedness (molecular) 
as detailed below: 
 Serological classification: Earlier classification, still used in epidemiological studies 

was based on antigen-relatedness. Broadly, pathogenic Leptospira were grouped as 
belonging to Leptospira interrogans and the non-pathogenic as Leptospira biflexa. The 
former includes more than 200 serovars, classified on the basis of structural 
heterogeneity in the carbohydrate component of the lipopolysaccharide [Bharti et al., 
2003; Levett, 2001; Vijayachari et al., 2008] that resulted in the generation of specific 
antibodies in the mammalian host. The non-pathogenic L. biflexa consists of about 60 
serovars. The newly added members include the serovars Sichvan (serogroup 
Sichvan), Hurstbridge (serogroup Hurstbridge) and Portblairi (serogroup Sehgali) 
[Brenner et al., 1999; Vijayachari et al., 2004]. 

 Molecular / genotypic classification: The current classification is based on DNA-
relatedness. In the Subcommittee on the Taxonomy of Leptospiraceae held in Quito, 
Ecuador in 2007, it was decided to group them as species [Adler and Moctezuma, 
2010]. The saprophytic species include Leptospira biflexa, Leptospira wolbachii, 
Leptospira kmetyi, Leptospira meyeri, Leptospira vanthielii, Leptospira terpstrae and 
Leptospira yanagawae. The pathogenic species include Leptospira interrogans, Leptospira 
kirschneri, Leptospira borgpetersenii, Leptospira santarosai, Leptospira noguchii, Leptospira 
weilii, Leptospira alexanderi and Leptospira alstoni. An additional group comprising of 
Leptospira inadai, Leptospira broomii, Leptospira fainei, Leptospira wolffii and Leptospira 
licerasiae consisted of species of unclear pathogenicity [Ko et al., 2009].  

Molecular classification allows for the clear identification of distinct subtypes. For 
example, Hardjoprajitno and Hardjobovis, grouped earlier under serovar Hardjo now 
belong to L. interrogans and L. borgpetersenii.  
*Historically, the first leptospiral strain reported by Inada and Ido (1915) was called as 
Spirochaeta Icterohaemorrhagiae japonica. 

2.2 Growth and culture conditions 

Leptospires grow relatively slowly with a doubling time of approximately 6 – 8 hours. In 
vitro cultures are usually maintained at temperatures between 28° - 30°C. They have simple, 
but unique nutritional requirements. They utilize long-chain fatty acids as the carbon and 
energy source and require vitamins B1 & B12 as growth factors. Tween 80 is commonly used 
in artificial culture media as the source of carbon and it is necessary to include bovine serum 
albumin (BSA) to bind the free fatty acids that are toxic to these organisms. 10% rabbit 
serum is added in certain media, as a rich source of vitamins and albumin promotes the 
growth of these organisms [Ellis and Michno, 1976; Johnson and Gary, 1963a, b].  The 
conventional media for growing leptospires include the bovine serum albumin-based 
Ellinghausen-McCullough-Johnson-Harris (EMJH) medium [Ellinghausen and McCullough, 
1965] and serum-containing Korthof’s and Fletcher’s media. Liquid media is used for 
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propagating the organisms and long-term maintenance is done in semi-solid medium 
containing 0.1 – 0.2% agar, in which the organisms grow sub-surface and appear as an 
opaque mass called the ‘Dinger’s ring’. Leptospira are not affected by 5-fluorouracil and 
thus media can be made selective for the growth of leptospires from clinical specimens by 
the addition of 5-fluoruracil and neomycin sulphate [Ellis and Michno, 1976].  

2.3 Membrane architecture and membrane proteins 

Leptospira exhibits a surface architecture that resembles Gram-negative bacteria and consists 
of the outer membrane, the periplasmic region and the inner cytoplasmic membrane (Fig. 1). 
The peptidoglycan layer however is closely associated with the cytoplasmic membrane, 
unlike in other Gram-negative bacteria where it is located close to the outer membrane 
[Adler and Moctezuma, 2010]. The two internal flagella (endoflagella), arising from each  
 

 
Fig. 1. Leptospiral membrane architecture and distribution of membrane proteins. The outer 
membrane (OM) with the associated lipopolysaccharide (LPS) and outer membrane proteins, 
including the lipoproteins LipL32, LipL41 and LigB protein are in contact with the immediate 
environment. The hemin-transporter HbpA is an example of a TonB-dependant outer 
membrane receptor that mediates the transport of hemin via the TonB protein located in the 
inner membrane (IM) along with ExbB and ExbD. TolC, in association with HlyC and HlyD 
forms a channel from the IM to the OM that possibly mediates the export of sphingomyelinase 
from the cytoplasm to the outside. The peptidoglycan (PG) is associated with IM. 
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end of the spirochete and extending towards the centre [Hovind-Hougen, 1976; Li et al., 
2000] are responsible for the cork-screw movement of these organisms. The 
lipopolysaccharides (LPS), located within the outer membrane are highly antigenic and their 
structural variations give rise to the large diversity of the serovars and serotypes seen 
among the leptospiral species. Haake and his group [Haake et al., 1993; Haake et al., 2000; 
Haake et al., 1998; Haake and Matsunaga, 2002, 2005; Haake et al., 1999; Haake et al., 2004; 
Haake et al., 1991; Lo et al., 2006] contributed significantly to the identification and isolation 
of the leptospiral membrane proteins. They used different isolation techniques and classified 
the outer membrane proteins into transmembrane, lipoprotein and peripheral membrane 
proteins. The porin OmpL1, the first leptospiral OMP to be described [Haake et al., 1993] is a 
transmembrane protein present as a trimer. The second class of leptospiral OMPs, the 
lipoproteins, constitute the most abundant of the leptospiral proteins in the outer 
membrane, to which they are anchored by fatty acids. 

The leptospiral lipoproteins include LipL32 (also called as hemolysis-associated protein-1; 
Hap-1), LipL36, LipL41, LipL31, LipL21, LipL45 and LipL48. LipL31 is located on the inner 
membrane whereas LipL21 [Cullen et al., 2002; Cullen et al., 2003; Cullen et al., 2005], 
LipL32 [Haake et al., 2000], LipL41, LipL36 [Haake et al., 1998], LipL45 [Matsunaga et al., 
2002] and LipL48 are found in the outer membrane. Some of these proteins, namely LipL32 
and LipL41 are conserved among many pathogenic Leptospira serovars and are also 
expressed during infection. Among the third class of proteins, classified as peripheral 
membrane proteins, the protein P31LipL45 can be released from membranes by urea and can 
be partitioned into both Triton X – 114 detergent and aqueous phases [Haake et al., 2000; 
Haake and Matsunaga, 2002].  

Other proteins that need mention here include the TonB-dependant outer membrane 
proteins and the TolC proteins. The former, present on the outer membrane of Gram-
negative organisms mediate the transport of several important nutrients like iron and 
vitamin B12. Our search for iron transporters led us to the identification of the TonB-
dependant hemin-binding protein HbpA in the pathogenic L. interrogans serovar Lai 
[Asuthkar, 2007; Sritharan et al., 2005]. It is an iron-regulated hemin-binding protein with 
the characteristic β – barrel structure composed of 22 anti-parallel β-sheets and a globular N-
terminal region. This cell surface protein, expressed in low iron organisms mediates the 
transport of iron (discussed in detail in Section). TolC proteins are bacterial efflux proteins; 
in E. coli they are associated with the transport of α-hemolysin [Thanabalu et al., 1998]. A 63 
kDa protein of L. interrogans serovar Lai, partitioning into the Triton X-114 detergent phase 
[Velineni et al., 2009] proved to be TolC efflux protein encoded by LA0957. The three-
dimensional structure of the protein is identical to the corresponding homologue in E. coli. It 
is a trimeric molecule with each monomer consisting of 4 strands with β barrel and 4 α 
helices (Fig. 2a & b). There are two structural repeats (Fig. 2c), namely repeat 1 consisting of 
amino acid residues 16 - 294 and repeat 2 consisting of amino acid residues 295 – 557 
respectively. The sequence and structures of the N and C terminal halves of the protein 
monomer are thus identical, as revealed by the alignment of these repeats (Fig. 2d).  

2.4 Organization of the leptospiral genome 

Whole genome sequencing of different leptospiral species is a major contribution to the 
advancement of knowledge about these organisms. The genome sequence of L. interrogans 
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([Velineni et al., 2009], Reproduced with permission from Online J Bioinformatics) 

Fig. 2. Structural organization of the efflux protein TolC in serovar Lai. Panel (a) shows the 
folding of the monomeric unit of TolC, with the β barrel and 4 α helices positioned in the 
outer membrane and periplasmic regions. Panel (b) shows the charge distribution on the 
surface of the molecule, with red, blue and green regions representing the electronegative, 
electropositive and the non polar residues respectively. Panels (c) and (d) show the two 
structural repeats in the molecule and the superimposed secondary structure of these 
structural repeats respectively. 

serogroup Icterohaemorrhagiae serovar Lai strain 56601 was first made available in 2003 
[Ren et al., 2003] closely followed by that of serovar Copenhageni strain Fiocruz L1-130 
belonging to the same species [Nascimento et al., 2004]. Both these genomes are larger and 
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differ considerably from those of the related spirochetes, Treponema pallidum and Borrelia 
burgdorferi, indicating their divergence from the phylum. Today, two additional genome 
sequences, namely that of L. borgpetersenii serovar Hardjo strains L550, JB197 [Bulach et al., 
2006] and L. biflexa serovar Patoc strain Patoc 1 (Ames strain) [Picardeau et al., 2008] are 
available 

With the exception of the non-pathogenic L. biflexa with three chromosomes, the others have 
genomes that consist of two chromosomes, the larger chromosome CI (approximately 4 Mb) 
and the relatively smaller chromosome CII (300 Kb). The non-pathogenic L. biflexa also 
shows the presence of the 74 kb leptospiral bacteriophage LE1 [Bourhy et al., 2005]. Re-
annotation [Bulach et al., 2006] in both the serovars Lai and Copenhaginii has now made the 
number of recognized CDS to be 3613 and 3530 respectively. Leptospira borgpetersenii genome 
is 16% (approximately 700 Kb) smaller than L. interrogans and the reduction in the CDS 
(3166) is due to insertion sequence-mediated genome reduction.  

Comparative genome analysis [Ko et al., 2009] provides insights into the role of specific gene 
products that enable the organisms to survive in their natural environment. For eg., the 
genome of L. biflexa, a free-living organism with 3590 CDS uses the additional genes to 
thrive in aquatic environments.  Among the two pathogenic species, L. borgpetersenii can 
survive only within the mammalian host as against the additional advantage of survival of 
L. interrogans in wet and moist environments outside the mammalian host. Thus the higher 
gene density seen in L. interrogans confers properties for the successful survival, if not 
growth, in the outside environment. It may be recalled that L. biflexa lacks orthologs for 
LipL32, LipL41, HbpA, sphingomyelinases, Lig proteins, LipL21 and LipL36 seen in the 
pathogenic species. The vast wealth of data from genome analysis coupled with the modern 
tools for data analysis offers great opportunities for getting a better insight into the host-
pathogen interactions. 

3. Epidemiology 
Leptospirosis is one of the most wide-spread zoonosis in the world. The global 
epidemiological data are extensively discussed elsewhere [Bharti et al., 2003; Levett, 2001]. 
The higher incidence in tropical countries is due to several reasons: one, the warm, wet and 
humid climatic conditions favour the survival and multiplication of the organisms; second, 
the close contact between the reservoir animal hosts and humans favour direct transmission 
between them and third, human practices such as walking barefoot and working in 
agricultural wet fields without protection allow indirect transmission from the 
contaminated environment. Rodents serve as major reservoirs of infection and rodent 
control must be considered as one of the important control measures. Pathogenic leptospires 
from the animal reservoirs are shed via the urine into the immediate environment. They can 
be transported from the immediate site of deposition to other areas during rainy / monsoon 
seasons; the heavy and torrential rains not only spread these organisms to new locations but 
also aid their survival in the environment for long periods of time. A reservoir of infection is 
thus established, with the movement of the infecting serovars among rodents, animals and 
humans; the latter are only accidental hosts and do not contribute to the transmission of the 
disease.  
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3.1 The Indian scenario 

Historically, leptospirosis is not new to India with the disease reported in the 1930s in the 
Andaman & Nicobar islands [Taylor and Goyle, 1931]. In the 1960s, there were occasional 
reports of leptospiral etiology as seen in patients with PUO (Pyrexia of Unknown Origin) in 
whom the disease was attributed to the leptospiral serovars Icterohaemorrhagiae, Pomona 
and Canicola [Joseph and Kalra, 1966] and in a case of hepatitis due to L. pyrogenes 
[Bhatnagar et al., 1967]. In India, the incidence of the disease closely links to the rainy / 
monsoon seasons with higher incidence in the coastal states.  

In South India, the states of Tamil Nadu and Kerala have reported several outbreaks of the 
disease, especially during rainy seasons [Natarajaseenivasan et al., 2004; Ratnam et al., 1993; 
Ratnam et al., 1983a; Ratnam et al., 1983b, 1986; Ratnam et al., 1987a; Ratnam et al., 1983c; 
Ratnam et al., 1987b; Sumathi et al., 2008]. The state of Kerala, called the Venice of the East, 
receiving heavy rainfall during several months of the year shows high prevalence of the 
disease, with the districts of Kottayam, Alleppey and Kozhikode being the worst affected 
[Vijayachari et al., 2008]. Patients present symptoms including history of fever, vomiting, 
jaundice, abdominal pain [Venkataraman et al., 1991], renal dysfunction [Muthusethupathi 
et al., 1995] and the involvement of the eye [Priya et al., 2007; Priya et al., 2008; Rathinam, 
2002; Rathinam et al., 1997]. In 1994, there was an outbreak of leptospiral uveitis at Aravind 
Eye hospital, Madurai following severe flooding of the state of Tamil Nadu in the autumn of 
1993; out of 46 patients, 80% of them were positive for leptospiral DNA and 72% were 
positive by serological tests. These studies clearly showed that leptospirosis is a significant 
health problem in coastal Tamil Nadu.  

Other coastal regions include Mumbai, a heavily populated part of the country on the west 
coast of India. This city receives heavy rainfall during monsoon seasons and due to poor 
sanitation and unhygienic conditions is prone to the disease [Bal et al., 2002; Bharadwaj et 
al., 2002]. Several deaths due to leptospirosis were reported after the serious outbreak in 
2005  [Sehgal, 2006]; around 310 cases of leptospirosis, with 27 deaths were reported, giving 
an incidence of 7.85 per 0.1 million population and a case fatality rate of 8.7%. The outbreak 
during the 2005 flooding in Mumbai clearly demonstrates the need for a proper surveillance 
and control measures during such times of need. 

Leptospirosis is endemic in the Andaman Islands. After the report in 1931 [Taylor and 
Goyle, 1931], there were no reports of the disease till 1988. Following the monsoon of 1988, a 
mysterious febrile illness with hemorrhagic manifestations, named as ‘Andaman 
haemorrhagic fever’ (AHF) caused several deaths. Unfortunately for about 5 years the 
causative organism was not identified and it was in 1993 [Sehgal et al., 1995] the leptospiral 
etiology was identified.  This important finding and several other notable contributions [Roy 
et al., 2003; Sehgal et al., 1999; Sehgal et al., 2000; Sharma et al., 2006; Sharma et al., 2003; 
Vijayachari et al., 2003] have been made by the National Leptospirosis Reference Centre 
located at Port Blair, Andamans. Pulmonary involvement in leptospirosis, observed in 
outbreaks in this part of India has been attributed to strain Valbuzzi serovar Valbuzzi of 
serogroup Grippotyphosa [Vijayachari et al., 2003]. Today, the disease is endemic and the 
whole population is at risk due to the climatic conditions and the occupation of the people 
living in these islands. There is high seroprevalence in manual laborers working in 
agricultural lands, sewage workers, animal handlers, personnel in slaughterhouses, making 
this disease a truly occupational nightmare.  
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In the state of Andhra Pradesh, there is no systematic study on human leptospirosis and the 
disease remains largely under-reported. We conducted a retrospective study in a hospital in 
Hyderabad, capital of Andhra Pradesh [Velineni et al., 2007]. 55 sera samples from patients 
who came from nearby villages with symptoms of leptospirosis were screened by MAT, 
Lepto-Tek Dri Dot and IgM ELISA. MAT identified 90% of the cases as positive and 
Icterohemorrhagiae emerged as the prevalent serogroup (68%). We also conducted a 
seroprevalence study in cattle in Mahbubnagar district, located about 100 km from 
Hyderabad. Agriculture is the major occupation in several villages in this district and the 
farmers live in close contact with the domestic animals that serve as a good source of income 
by way of milk and meat. We screened 107 sera from cattle from the villages of Ankur, 
Rajanagaram and Palakonda in this district and observed an overall seroprevalence of 
approximately 36.4% (Fig. 3a); the predominant serovar was Pomona (Fig. 3b).  

 
(a) (b) 

Fig. 3. Seroprevalence of leptospirosis in Mahbubnagar district. Panel (a) shows the MAT 
positive samples in the villages of Ankur, Rajanagaram and Palakonda in Mahbubnagar 
district in Andhra Pradesh. Panel (b) shows Pomona as the prevalent serovar (funding for 
the study by the Andhra Pradesh- Netherlands Program is acknowledged). 

There are no reports of leptospirosis from the states of Jammu and Kashmir. Also, in 
general, there were few cases of the disease in North India due to the relatively dry weather. 
But now, a detailed study [Sethi et al., 2010] project the alarming increase in the incidence of 
the disease. The study aims to correlate predisposing factors like living conditions, human 
habits, exposure to animals, occupation etc to the observed disease prevalence as well as the 
severity of symptoms in these patients. An alarming increase in the severity of symptoms 
with the involvement of the liver and kidneys was seen. This may reflect a changing disease 
pattern in the Indian subcontinent or merely better diagnostic measures. There is a need for 
systematic and planned study to understand the prevalence of the disease, identification of 
the predominant serovars and recording of the symptoms associated with the disease. This 
will help to develop suitable control measures, especially in times of outbreaks. 



 
Zoonosis 

 

174 

3.1 The Indian scenario 

Historically, leptospirosis is not new to India with the disease reported in the 1930s in the 
Andaman & Nicobar islands [Taylor and Goyle, 1931]. In the 1960s, there were occasional 
reports of leptospiral etiology as seen in patients with PUO (Pyrexia of Unknown Origin) in 
whom the disease was attributed to the leptospiral serovars Icterohaemorrhagiae, Pomona 
and Canicola [Joseph and Kalra, 1966] and in a case of hepatitis due to L. pyrogenes 
[Bhatnagar et al., 1967]. In India, the incidence of the disease closely links to the rainy / 
monsoon seasons with higher incidence in the coastal states.  

In South India, the states of Tamil Nadu and Kerala have reported several outbreaks of the 
disease, especially during rainy seasons [Natarajaseenivasan et al., 2004; Ratnam et al., 1993; 
Ratnam et al., 1983a; Ratnam et al., 1983b, 1986; Ratnam et al., 1987a; Ratnam et al., 1983c; 
Ratnam et al., 1987b; Sumathi et al., 2008]. The state of Kerala, called the Venice of the East, 
receiving heavy rainfall during several months of the year shows high prevalence of the 
disease, with the districts of Kottayam, Alleppey and Kozhikode being the worst affected 
[Vijayachari et al., 2008]. Patients present symptoms including history of fever, vomiting, 
jaundice, abdominal pain [Venkataraman et al., 1991], renal dysfunction [Muthusethupathi 
et al., 1995] and the involvement of the eye [Priya et al., 2007; Priya et al., 2008; Rathinam, 
2002; Rathinam et al., 1997]. In 1994, there was an outbreak of leptospiral uveitis at Aravind 
Eye hospital, Madurai following severe flooding of the state of Tamil Nadu in the autumn of 
1993; out of 46 patients, 80% of them were positive for leptospiral DNA and 72% were 
positive by serological tests. These studies clearly showed that leptospirosis is a significant 
health problem in coastal Tamil Nadu.  

Other coastal regions include Mumbai, a heavily populated part of the country on the west 
coast of India. This city receives heavy rainfall during monsoon seasons and due to poor 
sanitation and unhygienic conditions is prone to the disease [Bal et al., 2002; Bharadwaj et 
al., 2002]. Several deaths due to leptospirosis were reported after the serious outbreak in 
2005  [Sehgal, 2006]; around 310 cases of leptospirosis, with 27 deaths were reported, giving 
an incidence of 7.85 per 0.1 million population and a case fatality rate of 8.7%. The outbreak 
during the 2005 flooding in Mumbai clearly demonstrates the need for a proper surveillance 
and control measures during such times of need. 

Leptospirosis is endemic in the Andaman Islands. After the report in 1931 [Taylor and 
Goyle, 1931], there were no reports of the disease till 1988. Following the monsoon of 1988, a 
mysterious febrile illness with hemorrhagic manifestations, named as ‘Andaman 
haemorrhagic fever’ (AHF) caused several deaths. Unfortunately for about 5 years the 
causative organism was not identified and it was in 1993 [Sehgal et al., 1995] the leptospiral 
etiology was identified.  This important finding and several other notable contributions [Roy 
et al., 2003; Sehgal et al., 1999; Sehgal et al., 2000; Sharma et al., 2006; Sharma et al., 2003; 
Vijayachari et al., 2003] have been made by the National Leptospirosis Reference Centre 
located at Port Blair, Andamans. Pulmonary involvement in leptospirosis, observed in 
outbreaks in this part of India has been attributed to strain Valbuzzi serovar Valbuzzi of 
serogroup Grippotyphosa [Vijayachari et al., 2003]. Today, the disease is endemic and the 
whole population is at risk due to the climatic conditions and the occupation of the people 
living in these islands. There is high seroprevalence in manual laborers working in 
agricultural lands, sewage workers, animal handlers, personnel in slaughterhouses, making 
this disease a truly occupational nightmare.  

 
Insights into Leptospirosis, a Neglected Disease 

 

175 

In the state of Andhra Pradesh, there is no systematic study on human leptospirosis and the 
disease remains largely under-reported. We conducted a retrospective study in a hospital in 
Hyderabad, capital of Andhra Pradesh [Velineni et al., 2007]. 55 sera samples from patients 
who came from nearby villages with symptoms of leptospirosis were screened by MAT, 
Lepto-Tek Dri Dot and IgM ELISA. MAT identified 90% of the cases as positive and 
Icterohemorrhagiae emerged as the prevalent serogroup (68%). We also conducted a 
seroprevalence study in cattle in Mahbubnagar district, located about 100 km from 
Hyderabad. Agriculture is the major occupation in several villages in this district and the 
farmers live in close contact with the domestic animals that serve as a good source of income 
by way of milk and meat. We screened 107 sera from cattle from the villages of Ankur, 
Rajanagaram and Palakonda in this district and observed an overall seroprevalence of 
approximately 36.4% (Fig. 3a); the predominant serovar was Pomona (Fig. 3b).  

 
(a) (b) 

Fig. 3. Seroprevalence of leptospirosis in Mahbubnagar district. Panel (a) shows the MAT 
positive samples in the villages of Ankur, Rajanagaram and Palakonda in Mahbubnagar 
district in Andhra Pradesh. Panel (b) shows Pomona as the prevalent serovar (funding for 
the study by the Andhra Pradesh- Netherlands Program is acknowledged). 
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4. Clinical features  
It is beyond the scope of this review to detail the clinical features of leptospirosis in animals. 
The clinical manifestations in humans are discussed briefly. In humans, it is not easy to 
diagnose clinically because of the large spectrum of symptoms associated with it that 
overlaps other diseases, especially in tropical countries. The disease presents itself first as 
the acute phase that may progress into the severe phase. In a vast majority of patients, it is 
usually self limiting and the infected individuals recover from the acute phase symptoms of 
fever, headache, chills and severe myalgia. As these symptoms overlap with viral flu 
(influenza), malaria and dengue, the patients are often treated symptomatically initially. The 
majority of patients recover without other complications, but in 5 -10% of the patients, the 
disease can progress into the severe Weil’s disease. This is the hemorrhagic or icteric form of 
the disease [Levett, 2001] involving several organs including the liver, lungs and kidneys; 
the patients quickly deteriorate and the disease is often fatal.  

The involvement of the liver is associated with jaundice with high levels of serum bilirubin. 
The jaundice is attributed to be due to the failure in the secretion of the bilirubin into the bile 
canaliculi and not due to hepatocellular necrosis [Bharti et al., 2003]. Acute renal failure, 
resulting in oliguria often leads to death. In patients with the classical AHF (Andaman 
Hemorrhagic Fever) symptoms, hemoptysis leads to adult respiratory distress syndrome. This 
disease also causes damage to the heart. In India, there are well documented evidences for the 
involvement of the eye in leptospirosis. Patients attending the Uvea Clinic in Aravind Eye 
Hospital have been diagnosed as suffering from leptospiral uveitis with symptoms including 
conjunctival suffusion and muscle tenderness that can result in blindness.  

Treatment includes parenteral administration of benzyl penicillin (5 million units) per day 
for five days. Doxycycline can also be administered 100 mg twice daily for 10 days 
[Vijayachari et al., 2008]. It is however important to note that timely treatment is required for 
the prompt elimination of the pathogen before the disease progresses into the second phase 
leading to  hemorrhage and tissue damage in the vital organs. This emphasizes clearly the 
need for timely diagnosis.  

5. Pathogenicity and virulence 
In the majority of individuals, leptospirosis is often self-limiting as the host immune system 
efficiently clears the invading Leptospira. But, in a small percentage of infected individuals, 
the clinical manifestations can progress to the severe Weil’s disease with jaundice, renal 
failure and potentially lethal pulmonary haemorrhage. While the pathogenesis and tissue 
damage is well documented in leptospirosis, mechanistic details like the pathogenic 
virulence determinants, their expression within the mammalian host and the damage 
inflicted due to immune mechanisms of the host are not completely understood. Extensive 
information on host tissue damage, involvement of specific leptospiral proteins and the host 
immune response are available [Bharti et al., 2003; Ko et al., 2009; Levett, 2001] 

While ‘pathogenicity’ refers to the ability of a pathogen to cause disease, the term 
‘virulence’, often used interchangeably with pathogenicity, refers to the degree of damage 
caused by the organism. Pathogens have adapted to the hostile environment of the 
mammalian host and elaborate several host-directed components for their survival. It is now 
becoming increasing evident that the expression of many of the toxins / virulence 
determinants of pathogenic bacteria is environmentally regulated in response to specified 
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conditions. One of the contributing factors to virulence is iron limitation as the mammalian 
limits iron to an invading pathogen and the latter not only adapts to acquire this essential 
micronutrient but also expresses toxins upon iron limitation [Sritharan, 2000]. Iron is an 
essential micronutrient for Leptospira and they fail to grow in the absence of iron in culture 
media [Faine, 1959]. Nothing was known about how iron is acquired by these organisms, 
especially under conditions of iron deprivation. We first reported the high affinity transport 
system in L. interrogans serovar Lai [Asuthkar, 2007; Sritharan et al., 2005] and studied the 
role of iron as a regulatory molecule in the expression of the virulence factors 
sphingomyelinases [Velineni et al., 2009].  

5.1 Adaptation of Leptospira to iron limitation 

5.1.1 Low bioavailability of iron 

Iron oscillates between ferrous (Fe2+) and ferric (Fe3+) states and by virtue of its wide redox 
potential plays an important role in biological systems. It transfers reducing equivalents in 
the electron transport chain and acts as a cofactor for several enzymes in biochemical 
reactions. Most bacteria, including Leptospira require iron for growth. However, the inherent 
insolubility of the metal ion at biological pH makes it unavailable to bacteria, as it exists as 
insoluble ferric hydroxides and oxyhydroxides. Nature has perhaps made iron highly 
insoluble, as excess iron is toxic, due to its catalytic role in the Fenton reaction, resulting in 
the formation of free radicals [Sritharan, 2000]. At physiological pH, the major form of iron 
is Fe(OH)2+ with a solubility of approximately 1.4 X 10-9 M [Chipperfield, 2000] that is too 
low to support the growth of microorganisms. The mammalian host further limits iron to 
pathogenic bacteria by holding the metal ion as protein-bound iron; most of the free iron is 
bound by transferrin and lactoferrin and the excess iron is stored as ferritin. 

5.1.2 Infection, iron-withholding & ‘nutritional immunity’ of the mammalian host 

The mammalian host limits iron to an invading pathogen by a process called ‘nutritional 
immunity’ [Kochan, 1976]. In response to infection, the mammalian host lowers the level of 
circulating iron by decreasing the intestinal absorption of iron and increasing synthesis of 
transferrin. Other mechanisms [Weinberg, 2009] aimed at depriving iron to the actively 
multiplying pathogen include increased synthesis of hepcidin and lipocalin, the former 
inhibiting the release of iron by macrophages and the latter inhibiting bacterial growth by 
binding to the bacterial siderophores. Haptoglobulins and hemopexins are proteins 
expressed in the liver that come into play during conditions such as hemorrhage when there 
is high level of hemoglobin the circulation. While haemoglobin constitutes nearly two-thirds 
of the total iron in the human body,  it is not readily available to pathogens because of its 
compartmentalization within the erythrocytes. When the level of free haemoglobin increases 
in the circulation, consequent to host cell lysis by bacterial toxins, the mammalian host 
immediately responds by triggering increased synthesis and release of haptoglobin and 
hemopexin in the liver as a part of the host defense mechanism [Sassa and Kappas, 1995].  

5.1.3 How do Leptospira acquire iron? 

Bacterial pathogens have evolved novel machinery to acquire the tightly-bound iron from 
the mammalian host. Box 3 summarizes the two general strategies for acquiring this 
essential micronutrient.  
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conditions. One of the contributing factors to virulence is iron limitation as the mammalian 
limits iron to an invading pathogen and the latter not only adapts to acquire this essential 
micronutrient but also expresses toxins upon iron limitation [Sritharan, 2000]. Iron is an 
essential micronutrient for Leptospira and they fail to grow in the absence of iron in culture 
media [Faine, 1959]. Nothing was known about how iron is acquired by these organisms, 
especially under conditions of iron deprivation. We first reported the high affinity transport 
system in L. interrogans serovar Lai [Asuthkar, 2007; Sritharan et al., 2005] and studied the 
role of iron as a regulatory molecule in the expression of the virulence factors 
sphingomyelinases [Velineni et al., 2009].  

5.1 Adaptation of Leptospira to iron limitation 

5.1.1 Low bioavailability of iron 

Iron oscillates between ferrous (Fe2+) and ferric (Fe3+) states and by virtue of its wide redox 
potential plays an important role in biological systems. It transfers reducing equivalents in 
the electron transport chain and acts as a cofactor for several enzymes in biochemical 
reactions. Most bacteria, including Leptospira require iron for growth. However, the inherent 
insolubility of the metal ion at biological pH makes it unavailable to bacteria, as it exists as 
insoluble ferric hydroxides and oxyhydroxides. Nature has perhaps made iron highly 
insoluble, as excess iron is toxic, due to its catalytic role in the Fenton reaction, resulting in 
the formation of free radicals [Sritharan, 2000]. At physiological pH, the major form of iron 
is Fe(OH)2+ with a solubility of approximately 1.4 X 10-9 M [Chipperfield, 2000] that is too 
low to support the growth of microorganisms. The mammalian host further limits iron to 
pathogenic bacteria by holding the metal ion as protein-bound iron; most of the free iron is 
bound by transferrin and lactoferrin and the excess iron is stored as ferritin. 

5.1.2 Infection, iron-withholding & ‘nutritional immunity’ of the mammalian host 

The mammalian host limits iron to an invading pathogen by a process called ‘nutritional 
immunity’ [Kochan, 1976]. In response to infection, the mammalian host lowers the level of 
circulating iron by decreasing the intestinal absorption of iron and increasing synthesis of 
transferrin. Other mechanisms [Weinberg, 2009] aimed at depriving iron to the actively 
multiplying pathogen include increased synthesis of hepcidin and lipocalin, the former 
inhibiting the release of iron by macrophages and the latter inhibiting bacterial growth by 
binding to the bacterial siderophores. Haptoglobulins and hemopexins are proteins 
expressed in the liver that come into play during conditions such as hemorrhage when there 
is high level of hemoglobin the circulation. While haemoglobin constitutes nearly two-thirds 
of the total iron in the human body,  it is not readily available to pathogens because of its 
compartmentalization within the erythrocytes. When the level of free haemoglobin increases 
in the circulation, consequent to host cell lysis by bacterial toxins, the mammalian host 
immediately responds by triggering increased synthesis and release of haptoglobin and 
hemopexin in the liver as a part of the host defense mechanism [Sassa and Kappas, 1995].  

5.1.3 How do Leptospira acquire iron? 

Bacterial pathogens have evolved novel machinery to acquire the tightly-bound iron from 
the mammalian host. Box 3 summarizes the two general strategies for acquiring this 
essential micronutrient.  
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Box 3: Bacterial adaptation to iron limitation   
High affinity bacterial iron acquisition systems include 
- a) Siderophore-mediated system:  Siderophores are Fe3+-specific low molecular 

weight ligands (~1000 Da) that chelate iron from the immediate environment (from 
sources including insoluble iron and protein-bound iron in the mammalian host) and 
deliver the metal ion to the organism by active transport mediated by specific cell-
surface receptors called iron-regulated membrane proteins.   

- b) Direct acquisition: Pathogenic bacteria directly chelate Fe3+ via specific cell-
surface receptors for host transferrin  / lactoferrin / heme / hemoglobin. 

(for detailed reviews see [Braun et al., 1998.; Sritharan, 2000])  

Leptospira do not produce siderophores, suggesting that direct acquisition from the host 
iron-containing molecules must occur. We identified the hemin-binding protein HbpA and 
demonstrated iron acquisition from hemin. First, using in silico tools we identified HbpA as 
the leptospiral homologue of the ferric enterobactin receptor FepA of E. coli. Structural 
elucidation and bioinformatic analysis confirmed the protein to be a TonB-dependant 
protein with the TonB box in its N terminal region [Sritharan et al., 2005]. As in other 
bacterial iron transporters, HbpA possibly transports the hemin molecule via the TonB 
system, comprising of the cytoplasmically localised TonB, ExbB and ExbD proteins; the 
TonB protein, extending through the periplasm to the outer membrane mediates the transfer 
of the proton motive force of the cytoplasmic membrane to the outer membrane iron 
transporters, followed by the internalization of the Fe3+- complexes. It is not clear if the 
entire hemin molecule is internalized or the iron is released at the cell surface. The former 
probably occurs as Leptospira spp. possesses a heme oxygenase, encoded by hemO, than can 
degrade the tetrapyrrole ring of the heme molecule, thereby releasing ferrous iron.  

The hemin-binding property of HbpA was proved in several ways [Asuthkar, 2007]. The 
presence of the conserved FRA/PP-NPNL motif in the primary sequence of the protein 
reflected its ability to bind hemin. Experimentally, hemin-binding was demonstrated both 
by assaying the inherent heme-dependent peroxidase activity of the bound hemin and by 
spectrofluorimetry. Addition of hemin resulted in the quenching of the emitted light and 
notably a spectral shift to light of a lower wavelength (blue shift), a characteristic feature of 
receptor-ligand binding.  

HbpA is up-regulated by iron limitation and increase in temperature; both these conditions 
are noteworthy as they will be encountered by the pathogen inside the mammalian host. 
The expression of HbpA in vivo  [Sridhar et al., 2008] and its absence in the non-pathogenic 
L. biflexa highlights its role in pathogenic Leptospira. It is not clear if all leptospiral species 
elaborate this mechanism of iron acquisition as the hbpA gene could not detected by PCR in 
several leptospiral species.  The latter probably express receptors for other host iron-
containing proteins; we identified a transferrin-binding protein in iron-limited L. kirschneri 
serovar Grippotyphosa strain Moskva V (unpublished observations in our lab).  

Intracellular iron acts at the molecular level to regulate the expression of the components of 
the iron acquisition machinery in bacteria [Sritharan, 2000, 2006]. In most Gram negative 
bacteria, iron binds to the Fur regulator (DtxR in Gram positive organisms) and this dimeric 
Fur-Fe2+ complex binds to Fur / iron box with the consensus sequence 5’- 
GATAATGATAATCATTATC present upstream of iron-regulatable genes. Iron must act via 
the Fur protein in Leptospira as they show the presence of Fur homologs and Fur box.  
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Several fur genes are present in the serovar Lai that however remains to be experimentally 
proved as iron regulators. Table 1 lists the fur genes in serovar Lai and their corresponding 
homologues in the other leptospiral species. Fur, encoded by LB183, one of the fur genes 
present in the vicinity of hbpA (LB191) possibly acts by binding to the Fur box (5’ 
GATAATCATAATAATTT) located upstream of hbpA  [Sritharan et al., 2005]. 
 

Leptospira interrogans 
L. borgpetersenii 

L. biflexa 
Serovar Hardjo-bovis3 

Serovar Lai1 Serovar 
Copenhageni2 Strain L550 Strain JB197 Serovar Patoc4 

LB183 (II) LIC 20147 (II) - - LEPBI_I2152 (I) 
LA 3094 (I) LIC 11006 (I) LBL_2245 (I) LBJ_0837 (I) LEPBI_I2330 (I) 
LA1857 (I) LIC 12034 (I) LBL_1818 (I) LBJ_1600 (I) LEPBI_I2461 (I) 
LA2887 (I) LIC11158 (I) LBL_1012 (I) LBJ_2038 (I) - 

- - - - LEPBI_I2849 (I) 

Table 1. The fur genes in Leptospira spp. 

 References represented by 1, 2, 3 & 4 include [Bulach et al., 2006; Nascimento et al., 
2004; Picardeau et al., 2008; Ren et al., 2003]. 

 The fur genes, as annotated in the respective genomes are represented by their locus tag 
and the chromosome in which they are present is indicated within parenthesis. When 
the corresponding orthologue is absent, it is indicated by (-) sign. 

5.2 Iron levels and expression of the leptospiral sphingomyelinases 

The ability of pathogens to utilize heme compounds is particularly important as heme is one 
of the most abundant forms of organic iron in animals. Acquisition of iron from heme or 
hemoglobin may be facilitated by the production of hemolysins or cytotoxins which lyse 
host cells and release the intracellular iron. Cytotoxin production coupled with the 
capability to utilize heme and/or hemoglobin could serve as an effective iron acquisition 
strategy during the progression of infection. It is well known that leptospires cause  
localized damage to the endothelium of the small blood vessels that leads to severe damage 
in tissues like kidneys, liver and lungs. The necrosis in the renal tubules, hepatocellular and 
pulmonary hemorrhage is irreversible and is often fatal.  

5.2.1 Leptospiral hemolysins 

The hemorrhage and the ensuing symptoms observed in leptospirosis are due to the lysis of 
the host cells by the hemolysins. The hemolytic activity of these toxins was reported as early 
as 1956 [Alexander et al., 1956]. Later, several researchers implicated these molecules in the 
pathogenesis of the disease [Bernheimer and Bey, 1986; del Real et al., 1989; Kasarov, 1970; 
Segers et al., 1990; Thompson and Manktelow, 1989]. The phospholipase and 
sphingomyelinase activities of these molecules were clearly demonstrated in some of the 
studies. However, it was not easy to correlate all these findings as they were variously called 
and demonstrated in different serovars. Today, with the information from genome data 
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there is clarity on the types and numbers of hemolysin genes in the two pathogenic species 
and the saprophytic L. biflexa. 

There are nine hemolysin genes in L. interrogans serovar Lai (Table 2) encoding four 
sphingomyelinase, one pore-forming and four non-sphingomyelinase types of hemolysins. 
Fig. 4 shows the corresponding orthologues in L. borgpetersenii serovar Hardjo and it may be 
noted that it lacks the pore-forming hemolysin SphH. The sphingomyelinase orthologs are 
absent in the non-pathogenic L. biflexa, suggesting that their expression in the pathogenic 
Leptospira are likely to confer additional advantages for their survival within the mammalian 
host. The role of the five non-sphingomyelinase genes in L. biflexa (LEPBIa0082, LEPBIa0717, 
LEPBIa2015, LEPBIa2375 & LEPBIa2477) is however not clear. 

 
Fig. 4. Phylogenetic analysis of leptospiral hemolysins. Panel (a) shows the phylogenetic tree 
of the sphingomyelinase and the non-sphingomyelinase hemolysins of L. interrogans serovar 
Lai and Panel (b) shows the corresponding orthologues in L. borgpetersenii serovar Hardjo 
(strains L550 and JB197). The tree was generated using Clustal X and Mega 3.1 software. The 
phylogenies generated by neighborhood joining with 400 bootstrap replicates, rooted at 
midpoint and bootstrap values, are shown as percentages. The numbers refer to the 
divergence between the sequences. 

There are reports on the biological activity of recombinant hemolysins including the 
hemolytic, enzymatic (sphingomyelinase and phospholipase) and pore-forming activity of 
these molecules [Artiushin et al., 2004; Lee et al., 2000; Lee et al., 2002]. Studies in our lab are 
also focused in the structural elucidation and functional characterization of the 
sphingomyelinases (under communication).  
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Type of hemolysin Gene Locus Tag Approximate molecular mass 
(kDa) 

Sphingomyelinases 

sph1 LA1027 68.19 
sph2 LA1029 71.03 
sph3 LA4004 65.33 
sph4 LA3050 27.92 

Pore-forming hemolysin sphH LA3540 64.43 

Non-sphingomyelinase 
hemolysins 

hlyC LA3937 50.53 
hlyX LA0378 44.95 
tlyA LA0327 31.67 
hlpA LA1650 36.53 

Table 2. Hemolysins in the genome of L. interrogans serovar Lai [Ren et al., 2003] 

5.2.2 Expression of sphingomyelinase(s) in L. interrogans serovar Lai upon iron 
limitation 

In L. interrogans serovar Lai, a 42 kDa protein was detected in the outer membrane vesicles 
(OMVs) of low iron organisms that was absent in the OMVs from high iron cultures 
[Velineni et al., 2009]. This protein was recognized by antibodies against the common 
domain shared by the sphingomyelinases Sph1, Sph2 and Sph3 (Fig. 5).  

 
Fig. 5. Expression of sphingomyelinase in iron-limited serovar Lai. Anti-sphingomyelinase 
antibodies identified a major 42 kDa band in the OMVs of low iron serovar Lai (lane 2, Panel 
b); the band was absent in OMVs of high iron organisms (lane 1, Panel b). The Panel (a) shows 
the corresponding SDS-PAGE profile of high and low iron organisms. The panels a’ and b’ 
represent the corresponding samples from the non-pathogenic L. biflexa that does not show 
any reactivity with anti-sphingomyelinase antibodies. (Reproduced with permission from 
Online Journal of Bioinformatics) 
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there is clarity on the types and numbers of hemolysin genes in the two pathogenic species 
and the saprophytic L. biflexa. 

There are nine hemolysin genes in L. interrogans serovar Lai (Table 2) encoding four 
sphingomyelinase, one pore-forming and four non-sphingomyelinase types of hemolysins. 
Fig. 4 shows the corresponding orthologues in L. borgpetersenii serovar Hardjo and it may be 
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host. The role of the five non-sphingomyelinase genes in L. biflexa (LEPBIa0082, LEPBIa0717, 
LEPBIa2015, LEPBIa2375 & LEPBIa2477) is however not clear. 

 
Fig. 4. Phylogenetic analysis of leptospiral hemolysins. Panel (a) shows the phylogenetic tree 
of the sphingomyelinase and the non-sphingomyelinase hemolysins of L. interrogans serovar 
Lai and Panel (b) shows the corresponding orthologues in L. borgpetersenii serovar Hardjo 
(strains L550 and JB197). The tree was generated using Clustal X and Mega 3.1 software. The 
phylogenies generated by neighborhood joining with 400 bootstrap replicates, rooted at 
midpoint and bootstrap values, are shown as percentages. The numbers refer to the 
divergence between the sequences. 

There are reports on the biological activity of recombinant hemolysins including the 
hemolytic, enzymatic (sphingomyelinase and phospholipase) and pore-forming activity of 
these molecules [Artiushin et al., 2004; Lee et al., 2000; Lee et al., 2002]. Studies in our lab are 
also focused in the structural elucidation and functional characterization of the 
sphingomyelinases (under communication).  
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As all the three sphingomyelinases encode bigger products, it clearly indicates that the 42 
kDa protein is a cleavage product. This raises several questions, including the role of iron in 
the expression of one or more of these sphingomyelinase precursors, the proteolytic 
cleavage of the precursor and functional characterization of the 42 kDa protein. 

Anti-sphingomyelinase antibodies, primarily used in the pull-down assay for the 
identification of sphingomyelinases from outer membranes, surprisingly led to the 
identification of the 63 kDa efflux protein TolC encoded by LA0957 [Velineni et al., 2009].  
Structurally it is identical to the α- hemolysin-transporting TolC protein of E. coli 
[Balakrishnan et al., 2001]. Based on the structural similarity and the presence of the 
associated ATP-binding protein HlyB (LA0150) and HlyD (LA3737) in the leptospiral 
genome, we predict that the leptospiral TolC acts as a transporter of sphingomyelinase. 
However, unlike the cistronic organization of the genes hlyCABD responsible for α 
hemolysin (HlyA) secretion seen in E. coli, the leptospiral hlyB and hlyD are not organized as 
an operon. This is similar to the organization seen in Neisseria meningitides in which hlyD and 
tolC genes are adjacent but unlinked to hlyB, with the three genes being expressed 
independently (Wooldridge et al., 2005). 

6. Diagnosis 
6.1 Leptospiremic or antigenic phase: Culture, DFM and PCR 

The organisms gain entry into a host through skin via cuts or abrasions or mucous 
membranes such as the conjunctiva. They enter the blood circulation where they can be 
detected for about a week. This period, called the septicemic or leptospiremic phase allows 
the direct detection of the pathogen either by culture, dark field microscopy or by molecular 
methods such as PCR (Fig. 6). Culture can be done by directly inoculating semi-solid media  

 
Fig. 6. Diagnosis of leptospirosis – a schematic representation. 

 
Insights into Leptospirosis, a Neglected Disease 

 

183 

with a few drops of blood, care taken not to include citrate as an anticoagulant as it inhibits 
growth of the organisms (Wolff, 1954). The media should be inoculated within 24 hours 
upon collection and incubated at 28 - 30°C for several weeks. The main disadvantage of 
blood culture is that it requires several weeks of incubation, has low sensitivity and is not 
useful during epidemics. Dark field microscopy, though reported as a method for diagnosis 
is not advisable as artifacts in biological samples can be mistaken for the organisms, leading 
to false positivity. 

Molecular diagnosis by PCR has been used as a tool to detect pathogenic leptospires in 
biological fluids. Several targets specific for pathogenic serovars have been used. One of 
them is the 16s rDNA from which a 631 bp product [Hookey, 1992] or a 330 bp product 
(Senthilkumar et al. 2001) can be amplified.  A real-time PCR method based on 16S rDNA 
was developed that could be used on samples without the need for prior isolation and 
culture [Smythe et al., 2002]. Another popularly used method [Gravekamp et al., 1993] is 
based on 2 sets of PCR primers, namely G1 / G2 and B64-I / B64-II that amplify products of 
285 bp and 563 bp respectively. The former detected L. interrogans, L. borgpetersenii, L. weilii, 
L. noguchii, L. santarosai and L. meyeri, while the later identified L. kirschneri. Other variations 
included ‘Magnetic Immuno PCR Assay’ (MIPA) [Taylor et al., 1997] that consists of the 
immuno-magnetic separation of leptospires from inhibitors in frozen formalin-fixed bovine 
urine prior to PCR detection that resulted in a marked improvement in the detection of 
leptospires in urine samples. PCR based on ompL1 [Reitstetter, 2006] detected serovars 
belonging to L. interrogans, L. borgpetersenii, L. kirschneri, L. santarosai, L. weilli and L. noguchii. 
We used hbpA as a target for PCR [Sridhar et al., 2008] and detected all serovars belonging to 
L. interrogans from clinical isolates obtained from different geographical locations around 
the world.  A detailed study to identify the presence of hbpA in other species, sequence 
analysis and the design of suitable primers is required to use hbpA as a target for the 
identification of other leptospiral species.  

6.2 Immune phase: Assay of anti-leptospiral antibodies by MAT, ELISA, lateral flow 
devices 

High levels of anti-leptospiral antibodies of the IgM class appear 7-10 days after infection 
(Fig. 6) as a strong humoral immune response is mounted by the mammalian host 
[Fennestad and Borg-Petersen, 1957; Fennestad et al., 1968; Levett, 2001; Ratnam et al., 
1983b; Ratnam et al., 1983c]. The mammalian host strives to eliminate the pathogen via the 
antibody-complement system. However, the leptospires may migrate into the organs, with a 
predilection for liver, lungs and kidneys. In the latter, they may settle in the convoluted 
tubules of the kidneys thus evading the antibody-complement system of the host. In 
humans and more characteristically in animals, where the infection tends to be chronic, 
leptospires are shed via urine. Thus detection of the pathogen in the urine by dark field 
microscopy, PCR or culture may be attempted, though it may be noted that the shedding is 
not uniform and occurs randomly and intermittently, with periods of nil shedding, when 
the testing for the pathogen will yield negative results.  

The antibody response is classical, with peak IgM levels appearing first, followed by IgG 
antibodies. The IgM antibodies however remain in circulation for considerably long periods, 
even upto 2 months. It has also been observed that anti-leptospiral antibodies can be 
detected even after several years of infection. This, coupled to the endemicity of the 
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is not advisable as artifacts in biological samples can be mistaken for the organisms, leading 
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them is the 16s rDNA from which a 631 bp product [Hookey, 1992] or a 330 bp product 
(Senthilkumar et al. 2001) can be amplified.  A real-time PCR method based on 16S rDNA 
was developed that could be used on samples without the need for prior isolation and 
culture [Smythe et al., 2002]. Another popularly used method [Gravekamp et al., 1993] is 
based on 2 sets of PCR primers, namely G1 / G2 and B64-I / B64-II that amplify products of 
285 bp and 563 bp respectively. The former detected L. interrogans, L. borgpetersenii, L. weilii, 
L. noguchii, L. santarosai and L. meyeri, while the later identified L. kirschneri. Other variations 
included ‘Magnetic Immuno PCR Assay’ (MIPA) [Taylor et al., 1997] that consists of the 
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L. interrogans from clinical isolates obtained from different geographical locations around 
the world.  A detailed study to identify the presence of hbpA in other species, sequence 
analysis and the design of suitable primers is required to use hbpA as a target for the 
identification of other leptospiral species.  

6.2 Immune phase: Assay of anti-leptospiral antibodies by MAT, ELISA, lateral flow 
devices 

High levels of anti-leptospiral antibodies of the IgM class appear 7-10 days after infection 
(Fig. 6) as a strong humoral immune response is mounted by the mammalian host 
[Fennestad and Borg-Petersen, 1957; Fennestad et al., 1968; Levett, 2001; Ratnam et al., 
1983b; Ratnam et al., 1983c]. The mammalian host strives to eliminate the pathogen via the 
antibody-complement system. However, the leptospires may migrate into the organs, with a 
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humans and more characteristically in animals, where the infection tends to be chronic, 
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microscopy, PCR or culture may be attempted, though it may be noted that the shedding is 
not uniform and occurs randomly and intermittently, with periods of nil shedding, when 
the testing for the pathogen will yield negative results.  
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detected even after several years of infection. This, coupled to the endemicity of the 
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infection may result in relatively high levels of antibodies within a population. Thus, it is 
common to collect a second serum sample from a suspected case of leptospirosis, 3 - 4 days 
after the first sample. Sero-conversion with a four-fold rise in titre in paired serum samples 
in the presence of clinical symptoms is an important criterion for the definitive diagnosis of 
leptospirosis. Anti-leptospiral antibodies can be detected by several methods, including the 
microscopic agglutination test, ELISA, lateral flow devices, latex bead agglutination tests etc. 

6.2.1 Microscopic agglutination test 

Microscopic agglutination test (MAT) is the ‘gold standard’ for leptospiral diagnosis 
[Cumberland et al., 1999]. This highly specific and sensitive test is based on the 
agglutination of live organisms in the presence of serum containing anti-leptospiral 
antibodies. The agglutination results in the formation of highly refractive spheroids of 
various sizes and with time, when maximal degree of agglutination is seen, no free 
leptospires are visible due to the disintegration of the organisms. The degree of 
agglutination is usually assessed in terms of the proportion of free leptospires. The accepted 
endpoint of an agglutination reaction is the final dilution of serum at which 50% or more of 
the leptospires are agglutinated. As per WHO guidelines, agglutination at dilution of 100 is 
considered positive for MAT. Antibodies in the serum of infected patients / animals, 
predominantly against the surface-exposed lipopolysacharides are serovar-specific, 
although cross-reactivity may be recorded against other serovars within the same 
serogroup. It is thus necessary to include several serovars, including the prevalent local 
isolates for screening by this method. As mentioned earlier, paired samples are to be 
considered for diagnosis. However, a positive diagnosis can also be made with a titre of 
more than 800 with single samples [Ko et al., 2009]. 

MAT has been used as the test of choice in outbreaks and sporadic cases. It has also been 
useful in retrospective studies in confirming leptospirosis cases and identifying the 
prevalent serovar during that period. Ismail et al. (2006) used MAT in a retrospective study 
on serum samples from patients with undiagnosed acute febrile illness (AFI) and hepatitis 
cases from Egypt and showed leptospiral etiology in 16% of AFI (141/886) and 16% of acute 
hepatitis cases (63/392). A retrospective hospital-based study done in our lab [Velineni et 
al., 2007] on serum samples collected from suspected cases of leptospirosis identified 
Icterohaemorrhagiae as the predominant serogroup.  

MAT can be used to study the seroprevalence in domestic animals. In a study on 424 sow’s 
sera from the Mekong delta in Vietnam [Boqvist et al., 2002], including 283 sows from small-
scale family farms and 141 from large-scale state farms, the overall seroprevalence was 73 
and 29% respectively; the predominant infecting serovars in the respective farms were L. 
interrogans serovar Bratislava and L. interrogans serovars Icterohaemorrhagiae. As 
mentioned earlier, in a seroprevalence study on cattle in Mahbubnagar district in the state of 
Andhra Pradesh, MAT identified Pomona as the predominant serovar (Fig. 3).   

6.2.2 Enzyme Linked Immunosorbent Assay (ELISA)  

Antigens used in ELISA include whole cell sonicate, formalin-extract of a culture of 
leptospires [Terpstra et al., 1985] and whole leptospires coated on polysterene microtitre 
plates [McBride et al., 2007]. Outer membrane proteins like rLipL32 [Fernandes et al., 2007; 
Flannery et al., 2001] , rLipL41 [Flannery et al., 2001; Mariya et al., 2006] and 
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immunoglobulin (Ig)-like Lig proteins (Croda et al., 2007; Srimanote et al., 2008) have been 
used as antigens in ELISA.  

Antibodies against the iron-regulated hemin-binding protein HbpA are present in the serum 
of patients with leptospirosis [Sridhar et al., 2008]. It shows considerable potential as a 
candidate antigen in ELISA for the screening of sera from cattle and in humans with 
leptospiral uveitis (both under communication). ELISA-based testing will be less expensive 
than MAT as it does not require the maintenance of live organisms and can be performed in 
any routine laboratory and further, unlike MAT, does not require trained personnel and can 
be quantitated and is not prone to inter-observer and intra-observer errors as in MAT.  

7. Future perspectives 
Timely diagnosis of leptospirosis will result in a significant reduction in the mortality. This 
is possible with better insights into the pathogenesis and host-pathogen interactions. The 
great strides made in the past decade in understanding the basic biology has certainly 
broadened our efforts and approaches towards better control measures. Studies in our lab 
are focused on the development of a simple, easy-to-do ELISA test based on anti-HbpA 
antibody detection for sero-diagnosis. This will facilitate screening for the disease, not only 
in well-established hospitals and labs but also in rural centers for the early diagnosis of the 
disease.  
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1. Introduction 
CCHF name derives from the separate regions in Asia and Africa where severe and often 
fatal human cases of hemorrhagic disease and fever were recognized in the 1940s and 1950s. 
Virus isolates from the two regions are antigenetically indistinguishable. The disease come 
to people’s attention in the Crimea where about 200 military personnel become ill while 
helping peasants to harvest gain. 

Russian scientists, led by Professor M.P.Chumakov, isolated the virus from human patients 
and from ticks. The same virus was isolated by C.Courtoise in 1956 from a 13 years old 
patient in the Belgium Congo. However, Crimean-Congo haemorrhagic Fever has a much 
longer history, with the first record in the early 12th century. Although ticks transmit CCHF 
virus to a wide variety of animal species, the severe disease only affects humans. Cattle, 
sheep and small mammals, such as hares may develop mild fever following infection. The 
disease in humans is comparatively rare but a cause for concern because of high mortality 
and transmission through contact with patients. Handling the virus requires the highest 
degree of laboratory containment (Knipe (2001), Chinikar(2009), Chinikar(2007)). 

2. History of the virus in the world and in Iran 
CCHF is a tick- borne Viral Zoonosis widely distributed in Africa, Asia and Eastern Europe 
within the ranges of ticks belonging to the genus Hyalomma. The virus is a member of the 
Nairovirus genus of the family Bunyaviridae. It causes mild fever and virema in cattle, 
sheep and small mammals such as hares. 

Humans become infected by contact with infected blood or other tissues of livestock or 
human patients or from tick bite. Human infection is usually characterized by a febrile 
illness with headache, myalgia and petechial rash, frequently followed by a hemorrhagic 
state with necrotic hepatitis. The case fatality rate is approximately40%, but it can range 
from 20% to 80 %( Goodman (2005), Knipe (2001)). 

A hemorrhagic disease with symptoms suggestive of CCHF infection was described in 
Eastern Europe and Asia as far back as the 12th century (Hoogstraal 1979). However, a 
disease given the name Crimean hemorrhagic fever was first described in people bitten by 



 
Zoonosis 

 

192 

Vijayachari P, Sehgal SC, Goris MG, Terpstra WJ, Hartskeerl RA: Leptospira interrogans 
serovar valbuzzi: A cause of severe pulmonary haemorrhages in the andaman 
islands. J Med Microbiol 2003;52:913-918. 

Vijayachari P, Sugunan AP, N.Shriram A: Leptospirosis: An emerging global public health 
problem. J Biosci 2008;33:557-569. 

Vijayacharit P, Hartskeerl RA, Sharma S, Natarajaseenivasan K, Roy S, Terpstra WJ, Sehgal 
SC: A unique strain of leptospira isolated from a patient with pulmonary 
haemorrhages in the andaman islands: A proposal of serovar portblairi of 
serogroup sehgali. Epidemiol Infect 2004;132:663-673. 

Walbach, Binger: Notes on filterable spirochaete from fresh water, spirochaeta biflexa (new 
species). The Journal of Medical Research 1914;30:3023 - 3026. 

Weinberg E: Iron availability and infection Biochimica et Biophysica Acta 2009;1790:600-605. 

11 

Crimean-Congo Hemorrhagic Fever (CCHF) 
Sadegh Chinikar, Ramin Mirahmadi, Maryam Moradi,  

Seyed Mojtaba Ghiasi and Sahar Khakifirouz  
Pasteur Institute of Iran 

(Laboratory of Arboviruses and Viral Hemorrhagic Fevers)  
(National Reference Laboratory) 

Iran  

1. Introduction 
CCHF name derives from the separate regions in Asia and Africa where severe and often 
fatal human cases of hemorrhagic disease and fever were recognized in the 1940s and 1950s. 
Virus isolates from the two regions are antigenetically indistinguishable. The disease come 
to people’s attention in the Crimea where about 200 military personnel become ill while 
helping peasants to harvest gain. 

Russian scientists, led by Professor M.P.Chumakov, isolated the virus from human patients 
and from ticks. The same virus was isolated by C.Courtoise in 1956 from a 13 years old 
patient in the Belgium Congo. However, Crimean-Congo haemorrhagic Fever has a much 
longer history, with the first record in the early 12th century. Although ticks transmit CCHF 
virus to a wide variety of animal species, the severe disease only affects humans. Cattle, 
sheep and small mammals, such as hares may develop mild fever following infection. The 
disease in humans is comparatively rare but a cause for concern because of high mortality 
and transmission through contact with patients. Handling the virus requires the highest 
degree of laboratory containment (Knipe (2001), Chinikar(2009), Chinikar(2007)). 

2. History of the virus in the world and in Iran 
CCHF is a tick- borne Viral Zoonosis widely distributed in Africa, Asia and Eastern Europe 
within the ranges of ticks belonging to the genus Hyalomma. The virus is a member of the 
Nairovirus genus of the family Bunyaviridae. It causes mild fever and virema in cattle, 
sheep and small mammals such as hares. 

Humans become infected by contact with infected blood or other tissues of livestock or 
human patients or from tick bite. Human infection is usually characterized by a febrile 
illness with headache, myalgia and petechial rash, frequently followed by a hemorrhagic 
state with necrotic hepatitis. The case fatality rate is approximately40%, but it can range 
from 20% to 80 %( Goodman (2005), Knipe (2001)). 

A hemorrhagic disease with symptoms suggestive of CCHF infection was described in 
Eastern Europe and Asia as far back as the 12th century (Hoogstraal 1979). However, a 
disease given the name Crimean hemorrhagic fever was first described in people bitten by 



 
Zoonosis 194 

ticks while harvesting crops and sleeping outdoors on the Crimean Peninsula in 1944. In the 
following year, it was demonstrated by inoculation of human subjects that the disease was 
caused by a filterable agent present in the blood of patients during the acute stage of illness 
and that the agent was also present in suspension prepared from ticks, suspected to be the 
vectors of the agent. The causative virus was finally isolated in a laboratory host, suckling 
mice, in 1967 (Chumakov 1974). In 1968 it was found that the agent of Crimean hemorrhagic 
fever was identical to a virus named Congo which had been isolated in 1956 from the blood 
of a febrile child in what was then the Belgian Congo (now democratic Republic of Congo), 
and since that time the two names have been used in combination (Casals 1980, Casals 1969, 
Chumakov 1970, Simpson 1976).  

The first evidence that CCHF virus circulated in Iran was investigated by Chumakov et al in 
1970, when 45% of a shipment of sheep sent from Tehran abattoir to Moscow tested positive 
for CCHF antigen. Although human infection with CCHF was suspected in areas close to 
the Azerbaijan border, the first confirmed human cases were not reported until 1974-1975. 
This lead to a large-scale serological study performed in collaboration with Yale University 
(New Haven, Connecticut, USA), focusing on the northern half of Iran. Using classic agar 
gel diffusion precipitation assays this study demonstrated high levels of seroconversion for 
humans (13%), cattle (38%) and sheep (18%).  

In 1978, CCHF virus was isolated for the first time from engorged specimens of the 
ornithodoros tick Alveonasus lahorensis in the north eastern region of Iran. Since this early 
period to 1999 reports of CCHF were uncommon in Iran, the disease has however increased 
in prevalence since 2000 warranting new surveys and study (Chinikar2010, Chinikar2009 
and Chinikar2007). 

3. Etiology agent and biology 
Crimean-Congo Hemorrhagic Fever virus is classified as a member of the genus Nairovirus, 
of the family Bunyaviridae (Knipe 2001).  

The genus, consisting of 33 viruses, is divided into seven serogroups on the basis of 
antigenic relationships.  

The CCHF serogroup contains CCHF virus, Hazara virus from Pakistan, and Khasan virus 
from the former USSR.  

Apart from CCHF virus, the only members of the genus known to be pathogenic from 
humans are Nairobi sheep disease virus and Dugbe virus. Nairobi sheep disease virus of 
East Africa is believed to be identical to Ganjam virus of India and is a tick-borne pathogen 
of sheep and goats which sporadically causes benign illness in humans (Davies 1978). 

Dugbe virus is a tick-borne virus commonly associated with mild infection of cattle and 
sheep in West Africa and infrequently causes benign human disease (Burt1996). The 
classification of the Nairoviruses was originally based on their antigenic relatedness; 
however, the groupings have subsequently been substantiated through demonstration of 
morphological and molecular affinities between the viruses (Calisher 1989). 

Viewed using an electron microscope, CCHF virus appears spherical, approximately 100nm 
in diameter (buoyant density1.17 g.ml-1) with a dense core (capsid) surrounded by a lipid 
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envelope, through which protrude spikes, 5-10 mm in length. The viral genome is 
segmented, comprising three circular, single strands of negative sense RNA.  

All three genomic RNA segments have a unique 3'end sequence of 3'AGAG (A/U) UUCU.  

The small (S) segment (approximately 1.7 Kb) has a single open reading frame encoding the 
nucleocapsid (N) protein.  

In contrast, the medium (M) segment (approximately 5Kb) encodes a large polyprotein, 
which is processed into the two surface glycoproteins, G1 and G2, and several mon-
structural proteins. The large (L) segment encodes a single L protein of approximately 460 
KDa, which is probably the viral polymerase (Fig. 1). 

 
Fig. 1. CCHF  virus Schema  

Virus infection of cells is probably through receptor-mediated endocytosis, followed by 
fusion of the viral envelope with endosomal membranes. Monoclonal antibodies directed 
against G1 (but not against the N protein) neutralized viral infectivity, suggesting an 
important role for G1in the infection process. All stages of viral replication occur in the cell 
cytoplasm, although comparatively little is known of these events. As the viral RNA is 
negative-sense, the first step in replication is the transcription of the incoming genomic RNA 
into viral complementary RNA. The transcriptase has not yet been identified. Viral 
messengers RNA (mRNA) has host derived primer sequences, indicating a cap-snatching 
mRNA priming mechanism, as found with influenza viruses. Virion assembly occurs in the 
Golgi complex.  

Nucleocapsids acquire their outer envelope by budding into the Golgi lumen. Virions are 
then transported to the cell membrane and released from the infected cell by exocytosis. 
(Richman 2002, Krasus2003, Isba2004, Van der Giessen 2004, Chhabra2003, M.W 
Service.2001, Goodman 2005, Fields2001). 

Little information is available on the stability of the CCHF virus, but once enveloped, it is 
sensitive to lipid solvents (Karabatsos 1985), and it is known that its infectivity is destroyed 
by low concentration of formalin and B-propriolactone. The virus is labile in infected human 
tissues after host death (Hoogstraal 1979), but the examination of specimens from human 
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ticks while harvesting crops and sleeping outdoors on the Crimean Peninsula in 1944. In the 
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The CCHF serogroup contains CCHF virus, Hazara virus from Pakistan, and Khasan virus 
from the former USSR.  
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envelope, through which protrude spikes, 5-10 mm in length. The viral genome is 
segmented, comprising three circular, single strands of negative sense RNA.  

All three genomic RNA segments have a unique 3'end sequence of 3'AGAG (A/U) UUCU.  

The small (S) segment (approximately 1.7 Kb) has a single open reading frame encoding the 
nucleocapsid (N) protein.  

In contrast, the medium (M) segment (approximately 5Kb) encodes a large polyprotein, 
which is processed into the two surface glycoproteins, G1 and G2, and several mon-
structural proteins. The large (L) segment encodes a single L protein of approximately 460 
KDa, which is probably the viral polymerase (Fig. 1). 

 
Fig. 1. CCHF  virus Schema  

Virus infection of cells is probably through receptor-mediated endocytosis, followed by 
fusion of the viral envelope with endosomal membranes. Monoclonal antibodies directed 
against G1 (but not against the N protein) neutralized viral infectivity, suggesting an 
important role for G1in the infection process. All stages of viral replication occur in the cell 
cytoplasm, although comparatively little is known of these events. As the viral RNA is 
negative-sense, the first step in replication is the transcription of the incoming genomic RNA 
into viral complementary RNA. The transcriptase has not yet been identified. Viral 
messengers RNA (mRNA) has host derived primer sequences, indicating a cap-snatching 
mRNA priming mechanism, as found with influenza viruses. Virion assembly occurs in the 
Golgi complex.  

Nucleocapsids acquire their outer envelope by budding into the Golgi lumen. Virions are 
then transported to the cell membrane and released from the infected cell by exocytosis. 
(Richman 2002, Krasus2003, Isba2004, Van der Giessen 2004, Chhabra2003, M.W 
Service.2001, Goodman 2005, Fields2001). 

Little information is available on the stability of the CCHF virus, but once enveloped, it is 
sensitive to lipid solvents (Karabatsos 1985), and it is known that its infectivity is destroyed 
by low concentration of formalin and B-propriolactone. The virus is labile in infected human 
tissues after host death (Hoogstraal 1979), but the examination of specimens from human 
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patients appears to show that infectivity is preserved for at least a few days at ambient 
temperature in separated serum.  

Infectivity is destroyed by boiling in autoclaving, but the virus is stable at temperatures 
below-60°C.  

CCHF virus replicates in a wide variety of primary cell and line cell cultures, including 
Vero, CER, and BHK21 cells, but not usually to high titer. The virus is poorly cytopathic, so 
that titers of infectivity are demonstrated by plaque production or immunoflorescence in 
infected cells (Hoogstraal1979, Calisher 1989 and Clerx 1981).  

The virus has been isolated and titers have been determined most frequently by 
intracerebral inoculation of suckling mice (Hoogstraal 1979). 

Because of its propensity for human-to-human transmission, its ability to cause infections in 
laboratory workers, and the severity of the disease in humans, CCHF is placed in biohazard 
class IV in countries which have relevant biosafety guidelines. This dictates that culture of 
the virus is permitted only in maximum-security biosafety level 4 (BSL-4) laboratories 
(Richman 2002, Knipe 2001). 

4. Transmission and zoonotic hosts 
Vectors are ixodid (hard) ticks. Although CCHF virus has been isolated from at least 31 
different tick species and subspecies (including two argasid (soft) species), the primary 
vectors are Hyalomma species, particularly H. marginatum marginatum, H. marginatum 
rufipes (the African representative of the H. marginatum complex), and H. anatolicum 
anatolicum.  

All three species are two-host ticks: immature stage (larvae and nymphs) feed on the same 
individual host before dropping off to mouth to the adult stage which then feeds on a 
second host. 

Both immature stages and adults of H. a. anatolicum feed on domesticated mammals, 
whereas H. m. marginatum and H. m. rufipes immature stage and adults feed on dissimilar 
hosts: immature stages on birds, hares and hedgehogs, and adults on cattle and other large 
mammals. Adult ticks successfully attack humans, only being detected after a few days of 
feeding when they become enlarged with blood. Humans do not contribute to the 
transmission cycle. Hares (Lepus species), hedgehogs (Erinaceus and Hemiechinus species) and 
cattle are probably important amplifying hosts. 

Feeding on viraemic animals may provide the source of infection for ticks. However, 
screening domestic and wild vertebrates for CCHF viremia has often failed to identify 
viraemic host species that maintain the viral enzootic cycle. Sheep and ground-feeding 
birds, such as Hornbills and Ostriches may act as non-viremic hosts. Otherwise birds play 
an important role in disseminating ticks, particularly those of the H. marginatum complex.  

Virus can be transmitted sexually, from infected male to uninfected female ticks during 
mating (venereal transmission), and trans-ovarially, from infected females to their offspring. 
The epidemiologal significance of vertical (transovarial) transmission is unknown. However 
it could provide an important amplification mechanism if virus is transmitted from infected 
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to uninfected larvae co-feeding on the same host. Virus survival in infected ticks and the 
ability of Hyalomma species to survive at least 800 days without a blood meal indicate that 
ticks act as virus reservoirs (Fig. 2). 

Direct transmission through contact with infected blood and body fluids and, possibly, 
crushed ticks are an important route of human infectious (M.W Service.2001, Goodman 
2005, Knipe 2001). The virus causes in apparent infection or mild fever in livestock 
(Swanepoel 1985 S.Af.Med 68:638-641 – Swanepoel 1985.Af.Med 68:635-637).  

 
Fig. 2. CCHF virus Cycle in nature 

Young ruminants, including calves and lambs, acquire maternal antibody from colostrums, 
but it has not been determined whether this is protective, and many animals seroconvert 
early in life after the occurrence of natural infection. Consequently, humans commonly 
become infected when they come into contact with the viremic blood of young animals in 
the course of performing procedures such as castrations, vaccination, insertion of ear tags, or 
slaughter of animals (Hoogstraal1979, Swanepoel1985). The evidence suggests that the 
infection in humans is acquire through contact of viremic blood with broken skin, and this is 
consistent with the observations that nosocomial infection in medical personnel usually 
results from accidental pricks with  needles contaminated with the blood of patients or 
similar mishaps (Hoogstraal1979, Shepherd,A.J 1985). 

In view of the serological evidence that infection of livestock occurs on a wide scale in areas 
infested by Hyalomma ticks, it is surprising that so few human infections are diagnosed. This 
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feeding when they become enlarged with blood. Humans do not contribute to the 
transmission cycle. Hares (Lepus species), hedgehogs (Erinaceus and Hemiechinus species) and 
cattle are probably important amplifying hosts. 

Feeding on viraemic animals may provide the source of infection for ticks. However, 
screening domestic and wild vertebrates for CCHF viremia has often failed to identify 
viraemic host species that maintain the viral enzootic cycle. Sheep and ground-feeding 
birds, such as Hornbills and Ostriches may act as non-viremic hosts. Otherwise birds play 
an important role in disseminating ticks, particularly those of the H. marginatum complex.  

Virus can be transmitted sexually, from infected male to uninfected female ticks during 
mating (venereal transmission), and trans-ovarially, from infected females to their offspring. 
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to uninfected larvae co-feeding on the same host. Virus survival in infected ticks and the 
ability of Hyalomma species to survive at least 800 days without a blood meal indicate that 
ticks act as virus reservoirs (Fig. 2). 

Direct transmission through contact with infected blood and body fluids and, possibly, 
crushed ticks are an important route of human infectious (M.W Service.2001, Goodman 
2005, Knipe 2001). The virus causes in apparent infection or mild fever in livestock 
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Young ruminants, including calves and lambs, acquire maternal antibody from colostrums, 
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early in life after the occurrence of natural infection. Consequently, humans commonly 
become infected when they come into contact with the viremic blood of young animals in 
the course of performing procedures such as castrations, vaccination, insertion of ear tags, or 
slaughter of animals (Hoogstraal1979, Swanepoel1985). The evidence suggests that the 
infection in humans is acquire through contact of viremic blood with broken skin, and this is 
consistent with the observations that nosocomial infection in medical personnel usually 
results from accidental pricks with  needles contaminated with the blood of patients or 
similar mishaps (Hoogstraal1979, Shepherd,A.J 1985). 

In view of the serological evidence that infection of livestock occurs on a wide scale in areas 
infested by Hyalomma ticks, it is surprising that so few human infections are diagnosed. This 
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raises the possibility that many human infections are asymptomatic or mild and pass 
unnoticed, but the low prevalence of antibody generally detected in surveys and the sparse 
evidence of infection encountered among cohorts of cases of the disease suggest that a high 
proportion of CCHF infections does, in fact, come to medical attention (Fisher-Hock 1992). 

Possible explanation for the low incidence of infection which occurs in humans include the 
fact that viremia in livestock is short lived and of low intensity compared to that in other 
zoonotic disease such as Rift Valley fever, which is more readily acquired from contact with 
infected tissues.  

Furthermore, despite the fact that a high proportion of patients acquire infection from ticks, 
humans are not the preferred hosts of Hyalomma ticks and are infrequently bitten in 
comparison to livestock (M.W.Service 2001, Goodman2005 and Knipe 2001). 

5. Epidemiology 
5.1 CCHF in the world 

The distribution of the disease coincides with that of the principal vectors of the virus, ticks 
of the genus Hyalomma. Cases of the naturally acquired human infection have been 
documented in the former Soviet Union, China ,Bulgaria, Yugoslavia, Albania, Kosovo, 
Pakistan, Iran, Iraq, United Arab Emirates, Saudi Arabia, Oman, Tanzania, Central African 
Republic, DRC(former Zaire) Uganda, Kenya, Mauritania, Burkina Faso, South Africa and 
Namibia. 

In addition, virus has been isolated from ticks or non-human mammals in Madagascar, 
Senegal, Nigeria, Central African Republic, Ethiopia, Afghanistan, Greece and Hungary 
(Swanepoel 1987). 

The initial outbreaks of CCHF recognized on the Crimean Peninsula in 1944 and 1945 
occurred under conditions of war when large members of soldiers and peasant farmers were 
exposed to tick bites while harvesting crops and sleeping outdoors (Hoogstraal 1979). 
Subsequent recognition of the presence of the disease in many countries in Eastern Europe 
and Asia similarly came about through the occurrence of highly visible epidemics or 
nosocomial outbreaks occasioned by human intervention , resulting in multiple exposure of 
people to infection. These include the institution of major land reclamation schemes or 
abrupt changes in animal husbandry practices in the former Soviet Union and Bulgaria in 
the 1950s and 1960s,nosocomial outbreaks of infection in Pakistan in 1976 and in Iraq and 
Dubai in1979, large - scale exposure of war refugees to outdoor conditions in Kosovo in 
2000,Albania in 2001,and Pakistan in2001-2002, and multiple exposure of people to blood 
and ticks  from the handling and slaughter of livestock imported from Africa and Asia to 
Saudi Arabia in1990,the United Arab Emirates in1994-1995 and Oman in1995. 
The occurrence of these epidemics led to the perception that CCHF was an emerging 
disease. However, in many other countries in Eurasia and Africa the presence of the viruses 
was discovered because prospective laboratory investigations were undertaken, not because 
a specific clinical entity had been recognized, antibody surveys indicate that there is 
widespread circulation of virus in nature in many countries that have not yet recognized the 
occurrence of human disease (Hoogstraal 1979, Swanepoel 1987). 
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Hoogstraal pointed out that mechanisms for the dissemination of ticks and hence viruses, 
which include the movement of birds migrating annually on a north-south axis (Hoogstraal 
1961, Hoogstral 1963) must have operated in Eurasia and Africa for millennia. 

In addition, ticks can be dispersed between continents by movement of livestock. Although 
there is evidence that recent outbreaks of CCHF in the Arabian Peninsula resulted from 
trade of tick –infected livestock from Africa and Asia, long –established CCHF endemicity in 
the region cannot be excluded. Despite the potential for dispersal of the virus between the 
continents, it appears from phylogenetic analyses of CCHF isolates that the circulation of the 
virus is largely compartmentalized within the two land masses of Africa and Eurasia where 
the distribution of strains of the virus is probably related to the distribution and dispersal of 
the virus vectors.  

The implication is not that there is continuing spread of CCHF from its present range, but 
that further investigation would reveal the presence of the virus and disease in the 
remaining countries of Africa, Eastern Europe and Asia, which lie within the distribution 
range of Hyalomma ticks. 

Although the incidence of recognized cases of human infection is generally extremely low in 
countries where CCHF is endemic, it should be borne in mind in assessing the 
socioeconomic impact of the virus that the disease affects particular segments of the 
population, including those involved in the livestock industry and in health care. Hence, the 
occurrence of outbreaks can have dire consequences. For instance, the dedication of highly 
trained staff and expensive facilities and equipment to the intensive care of a single patient 
in isolation can prove to be very costly and disruptive of normal medical services .Bans 
imposed on the importation of slaughter livestock can seriously affect the economies of 
exporting countries (Goodman 2005). 

5.2 CCHF in Iran 

Although sporadic surveys of CCHF in livestock and humans have been undertaken since 
1970, it was not however until the 1999 outbreak that CCHF was recognized as one of the 
country's major public health problems. 

In consequence the laboratory of Arboviruses and Viral Hemorrhagic Fevers was 
established as a National Reference laboratory in the Pasteur Institute of Iran (a member of 
National Expert Committee on Viral Hemorrhagic Fevers). 

The mission of the institution is to test all human, livestock and ticks suspected to be 
infected with CCHF viruses from all provinces of Iran with a rapid and charge free service. 
Thus since 2000, the percentage of CCHF infections throughout the country has been closely 
monitored. Twenty three (23) out of 30 provinces of Iran are endemic for CCHF virus and 
Sistan-Va-Baluchistan, Isfahan, Fars, Khuzestan are respectively the most heavily infected 
provinces. 

In 2002 the CCHF virus genome was detected in 22.3% of ticks collected from Chaharmahal-
va-Bakhtiari province, southwest of Iran. 

 In 2004, after a report of a human CCHF confirmed case in Hamadan province, western 
region of Iran, similar studies showed CCHF virus in 11.3% of ticks and nearly 30% of the 
livestock were IgG positive. 
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raises the possibility that many human infections are asymptomatic or mild and pass 
unnoticed, but the low prevalence of antibody generally detected in surveys and the sparse 
evidence of infection encountered among cohorts of cases of the disease suggest that a high 
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fact that viremia in livestock is short lived and of low intensity compared to that in other 
zoonotic disease such as Rift Valley fever, which is more readily acquired from contact with 
infected tissues.  
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The initial outbreaks of CCHF recognized on the Crimean Peninsula in 1944 and 1945 
occurred under conditions of war when large members of soldiers and peasant farmers were 
exposed to tick bites while harvesting crops and sleeping outdoors (Hoogstraal 1979). 
Subsequent recognition of the presence of the disease in many countries in Eastern Europe 
and Asia similarly came about through the occurrence of highly visible epidemics or 
nosocomial outbreaks occasioned by human intervention , resulting in multiple exposure of 
people to infection. These include the institution of major land reclamation schemes or 
abrupt changes in animal husbandry practices in the former Soviet Union and Bulgaria in 
the 1950s and 1960s,nosocomial outbreaks of infection in Pakistan in 1976 and in Iraq and 
Dubai in1979, large - scale exposure of war refugees to outdoor conditions in Kosovo in 
2000,Albania in 2001,and Pakistan in2001-2002, and multiple exposure of people to blood 
and ticks  from the handling and slaughter of livestock imported from Africa and Asia to 
Saudi Arabia in1990,the United Arab Emirates in1994-1995 and Oman in1995. 
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Hoogstraal pointed out that mechanisms for the dissemination of ticks and hence viruses, 
which include the movement of birds migrating annually on a north-south axis (Hoogstraal 
1961, Hoogstral 1963) must have operated in Eurasia and Africa for millennia. 

In addition, ticks can be dispersed between continents by movement of livestock. Although 
there is evidence that recent outbreaks of CCHF in the Arabian Peninsula resulted from 
trade of tick –infected livestock from Africa and Asia, long –established CCHF endemicity in 
the region cannot be excluded. Despite the potential for dispersal of the virus between the 
continents, it appears from phylogenetic analyses of CCHF isolates that the circulation of the 
virus is largely compartmentalized within the two land masses of Africa and Eurasia where 
the distribution of strains of the virus is probably related to the distribution and dispersal of 
the virus vectors.  

The implication is not that there is continuing spread of CCHF from its present range, but 
that further investigation would reveal the presence of the virus and disease in the 
remaining countries of Africa, Eastern Europe and Asia, which lie within the distribution 
range of Hyalomma ticks. 

Although the incidence of recognized cases of human infection is generally extremely low in 
countries where CCHF is endemic, it should be borne in mind in assessing the 
socioeconomic impact of the virus that the disease affects particular segments of the 
population, including those involved in the livestock industry and in health care. Hence, the 
occurrence of outbreaks can have dire consequences. For instance, the dedication of highly 
trained staff and expensive facilities and equipment to the intensive care of a single patient 
in isolation can prove to be very costly and disruptive of normal medical services .Bans 
imposed on the importation of slaughter livestock can seriously affect the economies of 
exporting countries (Goodman 2005). 

5.2 CCHF in Iran 

Although sporadic surveys of CCHF in livestock and humans have been undertaken since 
1970, it was not however until the 1999 outbreak that CCHF was recognized as one of the 
country's major public health problems. 

In consequence the laboratory of Arboviruses and Viral Hemorrhagic Fevers was 
established as a National Reference laboratory in the Pasteur Institute of Iran (a member of 
National Expert Committee on Viral Hemorrhagic Fevers). 

The mission of the institution is to test all human, livestock and ticks suspected to be 
infected with CCHF viruses from all provinces of Iran with a rapid and charge free service. 
Thus since 2000, the percentage of CCHF infections throughout the country has been closely 
monitored. Twenty three (23) out of 30 provinces of Iran are endemic for CCHF virus and 
Sistan-Va-Baluchistan, Isfahan, Fars, Khuzestan are respectively the most heavily infected 
provinces. 

In 2002 the CCHF virus genome was detected in 22.3% of ticks collected from Chaharmahal-
va-Bakhtiari province, southwest of Iran. 

 In 2004, after a report of a human CCHF confirmed case in Hamadan province, western 
region of Iran, similar studies showed CCHF virus in 11.3% of ticks and nearly 30% of the 
livestock were IgG positive. 
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A study in 2003-2004 in Sistan-va-Balouchistan province, demonstrated that among 285 
human volunteers, 6.3% were seropositive for CCHF infection. A seroepidemiological 
survey among livestock in Isfahan province between 2004 and 2005, showed seropositivity 
in almost 56% of the animals. 

During the years 2003-2005, of 448livestock sera collected from Khorassan province, 
northeast part of Iran, 77.5% of 298 sheep samples and 46% of 150 goat samples were 
seropositive which implied a hyper enzootic region for CCHF. Other work that has focused 
on isolating and analyzing the CCHF viruses genome has led to the discovery of interesting 
phylogenetic relationship of the virus strains circulating in Iran. Thus Iran strains are very 
similar to the Matin strain of Pakistan (Chinikar 2010, Chinikar 2004). 

In December 2008, a reemerging outbreak of CCHF occurred in the southern part of Iran. 
Five people were hospitalized with sudden fever and hemorrhaging, and CCHF was 
confirmed by RT-PCR and serological assays.  

One of the cases had a fulminant course and died. Livestock was identified as the source of 
infection, all animals in the incriminated herd were serologically analyzed and more than 
half of them were positive for CCHF. Two routes of transmission played a role in this 
outbreak: contact with tissue and blood of infected livestock, and nosocomial transmission.  

Phylogenetic analyses helped to identify the origin of this transmission. It is possible that a 
new strain occurred in the outbreak region, and future phylogenetic analyses are required to 
identify the precise origin of this genetic variant (Chinikar 2010). 

In 2006, recombinant CCHF Virus antigen (nuclear protein) was produced by the Semliki 
Forest Virus expression system. The recombinant antigen is used in Elisa for serological 
diagnosis of CCHF, and is a useful advantage in that its production does not need biosafety 
level4 facilities.  

In very recent years, new research projects focused on expression of a recombinant antigen 
to develop a subunit vaccine are being performed at the National Reference Laboratory as 
well as the previously mentioned projects (Chinikar 2005, Chinikar 2002, and Garsia 2006).  

From June 2000 to 20 September2011, 2382 serum samples from CCHF probable patients 
have been collected from different provinces and transferred according to safety procedures 
to the laboratory of Arboviruses and Viral Hemorrhagic Fevers (National Reference 
Laboratory). 

Among these 2382 probable cases, 853 were confirmed as positive CCHF either serologically 
and/or molecularly, and between these 853 confirmed cases 122 have died (Fig. 3.) 

The data showed that the disease has been seen in a majority of Iranian regions, i.e. 23 out of 
30 provinces of Iran (Fig. 4.). 

More than one decade experience on CCHF in Iran has conducted to the following 
conclusions: 

Sistan-va-Baluchistan is the most infected province (in the southeast of Iran, near the border 
of Pakistan and Afghanistan, where the disease is endemic) with 70% of positive cases. 

The phylogenetic studies showed that the Iranian CCHF strain is very similar to the Matin 
(Pakistan) CCHF strain. 
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Fig. 3. Situation of CCHF from 2000 to September2011 

 
Fig. 4. Geographical Distribution of CCHF in Iran 

The khorassan province and the Fars province are respectively the second and third infected 
province after Sistan-va-Baluchistan province (Fig. 5.). 
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similar to the Matin strain of Pakistan (Chinikar 2010, Chinikar 2004). 
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confirmed by RT-PCR and serological assays.  

One of the cases had a fulminant course and died. Livestock was identified as the source of 
infection, all animals in the incriminated herd were serologically analyzed and more than 
half of them were positive for CCHF. Two routes of transmission played a role in this 
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Fig. 4. Geographical Distribution of CCHF in Iran 

The khorassan province and the Fars province are respectively the second and third infected 
province after Sistan-va-Baluchistan province (Fig. 5.). 

Years 

Situation of CCHF from 2000 to 2011 

7June 2000 – 20 September2011 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Suspected 55 167 247 145 82 84 111 152 286 311 405 337
Confirm 20 66 111 54 26 18 50 66 120 104 150 68
Death 4 11 14 6 6 7 3 5 19 14 20 13

0

50

100

150

200

250

300

350

400

450

Suspected

Confirm

Death

Geographical Distribution of CCHF in Iran 
7June 2000 – 12 September2010 

>50 cases 

20-50 cases 

10-20 cases 

1-10 cases 
No 
report 



 
Zoonosis 202 

 
Fig. 5. The 4 most infected province in 2011 

The epidemiological data showed that severity of the disease and also mortality rate of 
CCHF in different years and different provinces are different, so it seems more phylogenetic 
and pathogenesis studies should be done in this regard.  

The majority of confirmed cases in Iran have profession like butchers, slaughterers, slaughter 
house workers, which have to deal with infected livestock blood or organs (Fig. 6.). 
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The majority of the positive cases in all the study years are seen in June and July (in warm 
months in which ticks population and their activity is high) (Fig. 7.). 

 
Fig. 7. Situation of CCHF according to month in Iran 

The sex distribution of CCHF in Iran is a 3:1 ratio (male/female). 

Age distribution: the majority of Iranian patients are between 20-40years (working age) (Fig. 8.). 
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Our data showed that the CCHF is gradually raised in March and 
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6. Clinical manifestations 
6.1 Symptoms 

Disease severity appears similar wherever Crimean-Congo haemorrhagic fever occurs. 
Clinical signs of the disease follow an incubation period of 1-7 days but this may be longer 
when infection is by contagion rather than by tick bite. The disease is characterized by a 
sudden onset with severe headache, dizziness, neck pain and stiffness and photophobia. 
Fever with chills occurs at about the same times. Patients rapidly develop general myalgia 
and malaise, with intense leg and back pain. By the second to fourth day of illness, patients 
may have a flushed appearance. In severe cases, a petechial rash appears on the trunk and 
limbs by the third to sixth day of illness (Fig. 9.). 

 
Fig. 9. CCHF Patient  

Internal and external bleedings are common, although sometimes a tendency to 
haemorrhage is apparent only from the oozing of blood from injection or venepuncture 
sites. Severely ill patients may show hepatorenal and pulmonary failure from about day 5 
onwards, and become progressively drowsy, stuporous and comatose. Deaths generally 
occur on the 5th to 14th day of illness. Recovery from CCHF begins on day 9 or 10 with the 
abatement of the rash and general improvement, although convalescence may continue for a 
month or longer (Richman 2002, Knipe 2001).  

7. Clinical pathology and histopathology  
Changes in the cellular and chemical composition of blood recorded during the first few 
days of illness in human patients include leukocytosis or leukopenia  and elevated serum 
aspartate transaminase, alanine transaminase, gamma-glutamyl transferase, lactic 
dehydrogenase, alkhaline phosphatase, and creatine kinase levels, while bilirubin, creatinine 
and urea levels increase and serum protein levels decline during the second week 
(Swanepoel 1989). Thrombocytopenia, elevation of the prothrombin ratio, increased 
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thrombin time, and elevated levels of fibrin degradation products, as well as depression of 
fibrinogen and hemoglobin values, are evident during the first few days of illness. 

Complete autopsies are seldom performed on patients who die of CCHF, and examination 
of tissue is often confined to liver samples taken with biopsy needles. Lesions in the liver 
vary from disseminated foci of necrosis, to massive necrosis involving over 75% of 
hepatocytes and a variable degree of hemorrhage (Swanepoel 1985). 

Inflammatory cell infiltrates in necrotic areas are absent or mild and unrelated to the extent 
of hepatocellular damage.  

Limited observations of splenic tissue show lymphoid depletion, focal necrosis, and 
scattered lymphoblasts in periarterial sheaths. In addition, diffuse alveolar damage, intra-
alveolar hemorrhage, hyaline membrane formation, and a mononuclear interstitial 
pneumonitis have been observed in the lungs, and congestion and slight interstitial edema 
have been noted in the heart. Lesions in other organs include congestion, hemorrhage, and 
focal necrosis in the central nervous system, kidneys, and adrenal glands, and general 
depletion of lymphoid tissue. None of the histopathologic features is pathognomonic, and 
similar features can be seen in other viral, rickettsial, and bacterial infections, as well as toxic 
exposures. Hence, a definitive diagnosis can be established only by immunohistochemical or 
virological tests (Richman 2002, Goodman 2005, and Knipe 2001). 

7.1 Pathogenesis 

The Pathogenesis of the disease is incompletely understood (Shepherd, A.J 1989), but by 
analogy with other arthropod-borne virus infections it can be surmised that CCHF virus 
undergoes some replication at the site of inoculation and that there is hematogeneous and 
lymph-borne spread of infection to organs such as the liver, which are major sites of 
replication. Localization of CCHF virus in tissues by immunohistochemistry has shown that 
mononuclear phagocytes and endothelial cells are also major targets of virus infection (Burt 
1997). A similar tropism is exhibited by many lethal hemorrhagic fever viruses. The 
mononuclear phagocyte system may constitute a mechanism for viral clearance in some 
patients, but in others replication of virus in these cells may enhance viremia. Infection of 
mononuclear phagocytes and depletion of lymphoid cells may protect the virus from 
phagocytosis and immune inactivation and enhance the spread of virus. In addition it may 
play a role in the pathogenesis of CCHF through the release of physiologically active 
substances, including cytokines, tumor necrosis factor and other inflammatory mediators 
and procoagulants. 

The occurrence of disseminated intravascular coagulation (DIC) appears to be an early and 
central event in the pathogenesis of the disease. The hepatocytes are a major target of the 
virus, and the occurrence of minimal inflammatory infiltration suggests that hepatocellular 
necrosis may be mediated by a direct viral cytopathic effect. Hepathocellular necrosis leads 
to further release of tumor necrosis factor and other procoagulation into the circulation, and 
ultimately to impairment of the synthesis of coagulation factors to replace those which are 
consumed in DIC. Wide spread infection of endothelium with degenerative change rather 
than necrosis is associated with capillary dysfunction, which contributes to the occurrence of 
a hemorrhagic diathesis and the generation of a petechial rash (Richman 2001, Krasus 2003, 
Goodman 2005, Knipe 2001). 
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8. Diagnosis 
8.1 Generalities 

A diagnosis of CCHF should be suspected when severe influenza-like illness with sudden 
onset and short incubation period, usually less than 1 week, occurs in persons exposed to 
tick bites or fresh blood and other tissues of livestock or human patients. The disease is 
easier to recognize once a rash appears and there are hemorrhagic signs such as epistaxis, 
hematemesis and melena. 

Etiologic investigation of suspected CCHF infections should be performed in a BSL-4 
laboratory (Krasus 2003, Isba 2004, Van der Giessan2004 and Chhabra 2003). 

Confirmation of the diagnosis in the acute phase of illness consists of detection of viral 
nucleic acid by reverse transcriptase PCR (RT-PCR), demonstration of viral antigen by 
enzyme-linked immunoassay (ELISA) of serum samples, or isolation of the virus (Burt 1994 
and Burt 1998). 

In samples collected later, the diagnosis is confirmed by demonstration of an immune 
response. RT-PCR using conventional thermocycling or real-time PCR constitutes a rapid 
and sensitive technique for diagnosing CCHF infection during the early stage of infection 
before an antibody response is demonstrable or in fatal cases where an antibody response is 
frequently not demonstrable (Burt 1998). Virus may be isolated in cell cultures, commonly of 
vero cells or by intracerebral inoculation of 1- day- old mice. The virus is detected and 
identified in cell cultures by performing an immunofluorescence (IF) test. 

 Isolation of the virus in cell cultures can be achieved in 1 to 5 days, compared to 5 to 8 days 
in mice, but mouse inoculation is more sensitive for isolating virus that is present at low 
concentrations. Nairoviruses in general, including CCHF, induce a weak neutralizing 
antibody response, and serum samples frequently contain nonspecific inhibitors of virus 
infectivity. Hence, neutralization test have found limited application for demonstrating 
antibody response. In contrast, indirect IF has proved to be a rapid and sensitive technique 
for detecting an immune response to CCHF virus. The Elisa is also a sensitive technique, 
and both Elisa and IF can distinguish between immunoglobulin G (IgG) and IgM antibodies. 

Both IgG and IgM antibodies become demonstrable by IF from about day 5 of illness 
onwards and are present in the sera of all survivors of the disease by day 9 at the latest. The 
IgM antibody activity declines to undetectable levels by the fourth month after infection, 
and IgG titers may begin to decline gradually at this stage but remain demonstrable for at 
least 5 years. Recent or current infection is confirmed by demonstrating seroconversion, a 
fourfold or greater increase in antibody activity in paired serum samples, or IgM activity in 
a single specimen. 

Patients who succumb rarely develop a demonstrable antibody response, and the diagnosis 
is confirmed by isolation of virus or detection of viral nucleic acid in serum samples, liver 
samples taken after death, or demonstration of CCHF antigen by immunohistochemical 
techniques with paraffin embedded liver sections. Virus antigen may sometimes be 
demonstrated in liver impression smears by IF or in serum or liver homogenate by Elisa.  

Observation of necrotic lesions compatible with CCHF in sections of liver provides 
presumptive evidence in support of the diagnosis. (Richman 2002, Chhabra 2003, Goodman 
2005, Knipe 2001) 
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8.2 Differential diagnosis  

The vast majority of suspected cases of CCHF prove to be severe infections with more 
common agents, including bacterial septicemias, malaria, viral hepatitis, rickettsioses and 
complications of human immunodeficieng virus AIDS. In arriving at a diagnosis, it is 
important to take into account an accurate history of possible exposure to infection, signs 
and symptoms of illness and clinical pathology findings (Richman 2002, Knipe 2001). 

In Africa, CCHF should be distinguished from other febrile diseases associated with ticks 
(Burt 1996) and particularly from tick borne typhus which has an incubation period of 7 to 
10 days and a more insidious onset than CCHF. Tick-borne typhus is associated with a 
petechial rash and is capable of causing a fatal disease in humans with hemorrhagic 
manifestations similar to CCHF, but it is amenable to treatment with appropriate antibiotics. 
Other tick-borne diseases occurring in Africa which could be considered include Q fever 
and relapsing fever borreliosis. In addition, there are a number of tick-borne viruses in 
Africa apart from CCHF, which have been associated with human disease such as Dughe 
and Nairobi sheep disease viruses (M.W. Service 2001).  

Rift-Valley fever can also be acquired from contact with the tissues of livestock in Africa, but 
it usually occurs in the context of massive epidemics involving abortion and death of sheep 
and cattle at irregular intervals in years when heavy rains favor the breeding of the 
mosquito vectors of the virus. 

Particular consideration should be given to the other viral hemorrhagic fevers of Africa. In 
brief, they include Marburg disease and Ebola fever, caused by members of the family 
Filoviridae, and Lassa fever, caused by a virus of the family Arenaviridae. Marburg and 
Ebola viruses cause sporadic outbreaks of highly lethal disease in tropical Africa, often in 
association with similar disease in non-human primates, but the source of these viruses in 
nature remains unknown. Lassa fever virus causes chronic renal infection of rodents in West 
Africa and transmission to humans occurs through contamination of food and house dust 
with rodent urine. 

Another group of rodent-associated viruses which belongs to the Hantavirus genus of the 
family Bunyaviridae are found in Europe, Asia and the Americas.  

Diseases caused by the Hantaviruses of Europe and Asia are known collectively as 
hemorrhagic fever with renal syndrome, and these could conceivably be confused with 
CCHF on occasion. The Hantaviruses of north and South America are associated with the 
so-called Hantaviruses pulmonary syndrome, which is less likely to be confused with 
CCHF. There is inconclusive evidence for the presence of Hantaviruses in Africa. 

Yellow fever and dengue virus (of which there are four serotypes) are mosquito-borne 
flaviviruses capable of causing fatal hemorrhagic disease in humans within defined 
geographic ranges.  

Chikungunya virus is a mosquito-borne alphavirus which has been associated with 
hemorrhagic disease in Asia, although in Africa it is reported as a benign febrile illness with 
severe joint pain. Although not found in Africa, Omsk hemorrhagic fever and Kyasanur 
forest disease (tick-borne flavivirus infections) might also be considered in the differential 
diagnosis in their respective ranges. 



 
Zoonosis 206 

8. Diagnosis 
8.1 Generalities 

A diagnosis of CCHF should be suspected when severe influenza-like illness with sudden 
onset and short incubation period, usually less than 1 week, occurs in persons exposed to 
tick bites or fresh blood and other tissues of livestock or human patients. The disease is 
easier to recognize once a rash appears and there are hemorrhagic signs such as epistaxis, 
hematemesis and melena. 

Etiologic investigation of suspected CCHF infections should be performed in a BSL-4 
laboratory (Krasus 2003, Isba 2004, Van der Giessan2004 and Chhabra 2003). 

Confirmation of the diagnosis in the acute phase of illness consists of detection of viral 
nucleic acid by reverse transcriptase PCR (RT-PCR), demonstration of viral antigen by 
enzyme-linked immunoassay (ELISA) of serum samples, or isolation of the virus (Burt 1994 
and Burt 1998). 

In samples collected later, the diagnosis is confirmed by demonstration of an immune 
response. RT-PCR using conventional thermocycling or real-time PCR constitutes a rapid 
and sensitive technique for diagnosing CCHF infection during the early stage of infection 
before an antibody response is demonstrable or in fatal cases where an antibody response is 
frequently not demonstrable (Burt 1998). Virus may be isolated in cell cultures, commonly of 
vero cells or by intracerebral inoculation of 1- day- old mice. The virus is detected and 
identified in cell cultures by performing an immunofluorescence (IF) test. 

 Isolation of the virus in cell cultures can be achieved in 1 to 5 days, compared to 5 to 8 days 
in mice, but mouse inoculation is more sensitive for isolating virus that is present at low 
concentrations. Nairoviruses in general, including CCHF, induce a weak neutralizing 
antibody response, and serum samples frequently contain nonspecific inhibitors of virus 
infectivity. Hence, neutralization test have found limited application for demonstrating 
antibody response. In contrast, indirect IF has proved to be a rapid and sensitive technique 
for detecting an immune response to CCHF virus. The Elisa is also a sensitive technique, 
and both Elisa and IF can distinguish between immunoglobulin G (IgG) and IgM antibodies. 

Both IgG and IgM antibodies become demonstrable by IF from about day 5 of illness 
onwards and are present in the sera of all survivors of the disease by day 9 at the latest. The 
IgM antibody activity declines to undetectable levels by the fourth month after infection, 
and IgG titers may begin to decline gradually at this stage but remain demonstrable for at 
least 5 years. Recent or current infection is confirmed by demonstrating seroconversion, a 
fourfold or greater increase in antibody activity in paired serum samples, or IgM activity in 
a single specimen. 

Patients who succumb rarely develop a demonstrable antibody response, and the diagnosis 
is confirmed by isolation of virus or detection of viral nucleic acid in serum samples, liver 
samples taken after death, or demonstration of CCHF antigen by immunohistochemical 
techniques with paraffin embedded liver sections. Virus antigen may sometimes be 
demonstrated in liver impression smears by IF or in serum or liver homogenate by Elisa.  

Observation of necrotic lesions compatible with CCHF in sections of liver provides 
presumptive evidence in support of the diagnosis. (Richman 2002, Chhabra 2003, Goodman 
2005, Knipe 2001) 

 
Crimean-Congo Hemorrhagic Fever (CCHF) 207 

8.2 Differential diagnosis  

The vast majority of suspected cases of CCHF prove to be severe infections with more 
common agents, including bacterial septicemias, malaria, viral hepatitis, rickettsioses and 
complications of human immunodeficieng virus AIDS. In arriving at a diagnosis, it is 
important to take into account an accurate history of possible exposure to infection, signs 
and symptoms of illness and clinical pathology findings (Richman 2002, Knipe 2001). 

In Africa, CCHF should be distinguished from other febrile diseases associated with ticks 
(Burt 1996) and particularly from tick borne typhus which has an incubation period of 7 to 
10 days and a more insidious onset than CCHF. Tick-borne typhus is associated with a 
petechial rash and is capable of causing a fatal disease in humans with hemorrhagic 
manifestations similar to CCHF, but it is amenable to treatment with appropriate antibiotics. 
Other tick-borne diseases occurring in Africa which could be considered include Q fever 
and relapsing fever borreliosis. In addition, there are a number of tick-borne viruses in 
Africa apart from CCHF, which have been associated with human disease such as Dughe 
and Nairobi sheep disease viruses (M.W. Service 2001).  

Rift-Valley fever can also be acquired from contact with the tissues of livestock in Africa, but 
it usually occurs in the context of massive epidemics involving abortion and death of sheep 
and cattle at irregular intervals in years when heavy rains favor the breeding of the 
mosquito vectors of the virus. 

Particular consideration should be given to the other viral hemorrhagic fevers of Africa. In 
brief, they include Marburg disease and Ebola fever, caused by members of the family 
Filoviridae, and Lassa fever, caused by a virus of the family Arenaviridae. Marburg and 
Ebola viruses cause sporadic outbreaks of highly lethal disease in tropical Africa, often in 
association with similar disease in non-human primates, but the source of these viruses in 
nature remains unknown. Lassa fever virus causes chronic renal infection of rodents in West 
Africa and transmission to humans occurs through contamination of food and house dust 
with rodent urine. 

Another group of rodent-associated viruses which belongs to the Hantavirus genus of the 
family Bunyaviridae are found in Europe, Asia and the Americas.  

Diseases caused by the Hantaviruses of Europe and Asia are known collectively as 
hemorrhagic fever with renal syndrome, and these could conceivably be confused with 
CCHF on occasion. The Hantaviruses of north and South America are associated with the 
so-called Hantaviruses pulmonary syndrome, which is less likely to be confused with 
CCHF. There is inconclusive evidence for the presence of Hantaviruses in Africa. 

Yellow fever and dengue virus (of which there are four serotypes) are mosquito-borne 
flaviviruses capable of causing fatal hemorrhagic disease in humans within defined 
geographic ranges.  

Chikungunya virus is a mosquito-borne alphavirus which has been associated with 
hemorrhagic disease in Asia, although in Africa it is reported as a benign febrile illness with 
severe joint pain. Although not found in Africa, Omsk hemorrhagic fever and Kyasanur 
forest disease (tick-borne flavivirus infections) might also be considered in the differential 
diagnosis in their respective ranges. 



 
Zoonosis 208 

Distinguishing between the various possible causes of suspected viral hemorrhagic fever is a 
specialized task, normally undertaken in laboratories dedicated to the purpose (Goodman 
2005).  

9. Common laboratory diagnostic methods 
9.1 Serological assay 

Serological methods have been developed to diagnose CCHF using either inactivated virus 
or extract from infected suckling mouse brain. Since CCHF is highly pathogenic for humans 
and the available therapeutical means are limited to the use of ribavirin when administered 
early upon onset of syndromes, it must be handled in BSL4 containment, rendering difficult 
the production of native antigen. Due to these limitations, recombinant antigens were 
produced, replacing native antigen in Elisa and other antigen dependent assays. As the 
nucleoprotein of CCHF virus is recognized as the predominant antigen inducing a high 
immune response in most Bunyavirus infection, the recombinant nucleoprotein of the CCHF 
virus has been produced through Semliki Forest virus and baculovirous expression systems 
and used to detect IgM and IgG in human and animal serum.  

9.1.1 IgG Elisa (Swanepoel, R 1987) 

The wells were coated overnight at 4◦C with the mouse hyper immune ascetic fluid diluted 
at1:1000 in 0.05% Tween 20-PBS containing 5% skim milk as a saturating reagent. This 
solution was used to dilute antigen and sera. The native or the recombinant antigen at a 
1:100 dilution was added for 1h 37°C. Peroxydase labeled antihuman or anti- animal 
immunoglobulin was added at 1:1000 for 1h at 37°C.After 10min of incubation with the TMB 
substrate (KDL, Gaithersburg MD,USA),the OD was read at 450and 620nm (Chinikar 2005, 
Chinikar 2002, Chinikar 2010). 

9.1.2 IgM Elisa 

The Elisa plates are coated with the goat IgG fraction to human IgM (anti µ chain) diluted in 
PBS 1x and incubate over night at4◦C.After addition of diluted recombinant or native 
antigen, diluted immune-ascite  is then added .After a definite incubation , peroxydase – 
labeled anti – mouse immunoglobulin is added and incubated in 37°C. The plates then are 
washed three times with PBST containing 0.5% Tween. Finally, hydrogen peroxyde and 
TMB (3, 3', 5, 5' tetra methyl benzedrine) are added and after a short incubation, the 
enzymatic reaction is stopped by the addition of 4N sulfuric acid. Then, the plates are read 
by one Elisa reader at 450nm (Chinikar 2005, Chinikar 2002, and Chinikar 2010). 

9.2 Molecular assay 

Viral RNA is extracted from 140µl of serum or phenol extracted tick suspensions using 
QIAamp RNA mini kit according to the instructions of the manufactures (QIAgen GmbH, 
Hilden, Germany). The extracted viral RNA is analyzed by gel – based and Real -Time RT – 
PCR using a one -step RT-PCR kit( QIAgen GmbH , Hilden ,Germany) and specific primers F2 
5´TGGACACCTTCACAAACTC 3´and R3 5´GACAATTCCCTACACC 3´,which amplify a 536 
bp fragment of the S segment of CCHF virus genome. The PCR reaction is done in 50µl total 
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volume and 30min at 50°C, 15min at 95°C, and 40cycles including 30s at95°C, 30s at 50°C, 45s 
at 72°C, and finally10 min in 72°C as a final extension. (Chinikar 2010, Chinikar 2004) 

10. Prevention, control and treatment 
Nosocomial infections have been associated with needle stick injuries or contact of broken 
skin with infected blood, tissues, and body fluids of patients.  

Aerosol transmission is not considered a primary mode of transmission, in situations where 
infection with CCHF virus is suspected, patients should be isolated and subjected to barrier 
nursing techniques until the diagnosis is confirmed or excluded, to protect health care 
workers from potential exposure to infection. 

In brief, the patient should be isolated in a room with an adjoining anteroom, if possible, for 
storage of supplies required for barrier nursing and patient care. Health care workers 
should wear protective clothing such as disposable gowns, gloves, masks, goggles and 
overshoes, which are discarded on leaving the isolation room via the anteroom.  

All items removed from the isolation ward should be safety disposed of or suitably 
disinfected. Blood samples should be wrapped in absorbent material such as paper towels 
and placed in secondary leak-proof containers, such as rigid metal or plastic screw-cap 
containers or sealed plastic bags for safe transport to the laboratory. 

Clinical laboratory tests should be kept to a maximum security and performed by 
experienced staff wearing protective clothing, and automated analyzers must be 
decontaminated after use, commonly with dilute chlorine disinfectants, CCHF virus is 
classified as a biohazard class IV pathogen, hence, specific diagnostic tests and culture of the 
virus are undertaken only in BSL-4 laboratories in countries which have relevant biosafety 
regulations. 

Acaricide treatment of livestock and controlling the numbers of hares are effective in 
reducing the populations of infected ticks and hence the risk of infection. However, tick 
control is impractical in many regions of the world where Hyalomma ticks are most 
prevalent. 

Clothing impregnated with pyrethroid acaricides can give some protection against tick bites. 
Wearing gloves and limiting exposure of naked skin to fresh blood and other tissues of 
animals are practical control measures that should be undertaken by veterinarians, 
slaughter workers and others involved with potentially infected livestock, and by medical 
staff treating patients.  

Treatment of the disease consists essentially of supportive and replacement therapy with 
blood products .Immune plasma has been used, but the efficacy of this treatment is not 
clear, since there has been no systematic investigation with a uniform product of known 
virus-neutralizing activity. 

Promising results were obtained in limited trials with the chemotherapeutic drug Ribavirin, 
but the disease is often recognized only at a late stage, ideally, treatment should commence 
before day 5of illness.  

Owing to the occurrence of vomiting and hemorrhagic gastroenteritis, oral ribavirin is not 
very useful in severely ill patients who need treatment most, and the intravenous form of 
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Distinguishing between the various possible causes of suspected viral hemorrhagic fever is a 
specialized task, normally undertaken in laboratories dedicated to the purpose (Goodman 
2005).  

9. Common laboratory diagnostic methods 
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or extract from infected suckling mouse brain. Since CCHF is highly pathogenic for humans 
and the available therapeutical means are limited to the use of ribavirin when administered 
early upon onset of syndromes, it must be handled in BSL4 containment, rendering difficult 
the production of native antigen. Due to these limitations, recombinant antigens were 
produced, replacing native antigen in Elisa and other antigen dependent assays. As the 
nucleoprotein of CCHF virus is recognized as the predominant antigen inducing a high 
immune response in most Bunyavirus infection, the recombinant nucleoprotein of the CCHF 
virus has been produced through Semliki Forest virus and baculovirous expression systems 
and used to detect IgM and IgG in human and animal serum.  

9.1.1 IgG Elisa (Swanepoel, R 1987) 

The wells were coated overnight at 4◦C with the mouse hyper immune ascetic fluid diluted 
at1:1000 in 0.05% Tween 20-PBS containing 5% skim milk as a saturating reagent. This 
solution was used to dilute antigen and sera. The native or the recombinant antigen at a 
1:100 dilution was added for 1h 37°C. Peroxydase labeled antihuman or anti- animal 
immunoglobulin was added at 1:1000 for 1h at 37°C.After 10min of incubation with the TMB 
substrate (KDL, Gaithersburg MD,USA),the OD was read at 450and 620nm (Chinikar 2005, 
Chinikar 2002, Chinikar 2010). 

9.1.2 IgM Elisa 

The Elisa plates are coated with the goat IgG fraction to human IgM (anti µ chain) diluted in 
PBS 1x and incubate over night at4◦C.After addition of diluted recombinant or native 
antigen, diluted immune-ascite  is then added .After a definite incubation , peroxydase – 
labeled anti – mouse immunoglobulin is added and incubated in 37°C. The plates then are 
washed three times with PBST containing 0.5% Tween. Finally, hydrogen peroxyde and 
TMB (3, 3', 5, 5' tetra methyl benzedrine) are added and after a short incubation, the 
enzymatic reaction is stopped by the addition of 4N sulfuric acid. Then, the plates are read 
by one Elisa reader at 450nm (Chinikar 2005, Chinikar 2002, and Chinikar 2010). 

9.2 Molecular assay 

Viral RNA is extracted from 140µl of serum or phenol extracted tick suspensions using 
QIAamp RNA mini kit according to the instructions of the manufactures (QIAgen GmbH, 
Hilden, Germany). The extracted viral RNA is analyzed by gel – based and Real -Time RT – 
PCR using a one -step RT-PCR kit( QIAgen GmbH , Hilden ,Germany) and specific primers F2 
5´TGGACACCTTCACAAACTC 3´and R3 5´GACAATTCCCTACACC 3´,which amplify a 536 
bp fragment of the S segment of CCHF virus genome. The PCR reaction is done in 50µl total 
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volume and 30min at 50°C, 15min at 95°C, and 40cycles including 30s at95°C, 30s at 50°C, 45s 
at 72°C, and finally10 min in 72°C as a final extension. (Chinikar 2010, Chinikar 2004) 

10. Prevention, control and treatment 
Nosocomial infections have been associated with needle stick injuries or contact of broken 
skin with infected blood, tissues, and body fluids of patients.  

Aerosol transmission is not considered a primary mode of transmission, in situations where 
infection with CCHF virus is suspected, patients should be isolated and subjected to barrier 
nursing techniques until the diagnosis is confirmed or excluded, to protect health care 
workers from potential exposure to infection. 

In brief, the patient should be isolated in a room with an adjoining anteroom, if possible, for 
storage of supplies required for barrier nursing and patient care. Health care workers 
should wear protective clothing such as disposable gowns, gloves, masks, goggles and 
overshoes, which are discarded on leaving the isolation room via the anteroom.  

All items removed from the isolation ward should be safety disposed of or suitably 
disinfected. Blood samples should be wrapped in absorbent material such as paper towels 
and placed in secondary leak-proof containers, such as rigid metal or plastic screw-cap 
containers or sealed plastic bags for safe transport to the laboratory. 

Clinical laboratory tests should be kept to a maximum security and performed by 
experienced staff wearing protective clothing, and automated analyzers must be 
decontaminated after use, commonly with dilute chlorine disinfectants, CCHF virus is 
classified as a biohazard class IV pathogen, hence, specific diagnostic tests and culture of the 
virus are undertaken only in BSL-4 laboratories in countries which have relevant biosafety 
regulations. 

Acaricide treatment of livestock and controlling the numbers of hares are effective in 
reducing the populations of infected ticks and hence the risk of infection. However, tick 
control is impractical in many regions of the world where Hyalomma ticks are most 
prevalent. 

Clothing impregnated with pyrethroid acaricides can give some protection against tick bites. 
Wearing gloves and limiting exposure of naked skin to fresh blood and other tissues of 
animals are practical control measures that should be undertaken by veterinarians, 
slaughter workers and others involved with potentially infected livestock, and by medical 
staff treating patients.  

Treatment of the disease consists essentially of supportive and replacement therapy with 
blood products .Immune plasma has been used, but the efficacy of this treatment is not 
clear, since there has been no systematic investigation with a uniform product of known 
virus-neutralizing activity. 

Promising results were obtained in limited trials with the chemotherapeutic drug Ribavirin, 
but the disease is often recognized only at a late stage, ideally, treatment should commence 
before day 5of illness.  

Owing to the occurrence of vomiting and hemorrhagic gastroenteritis, oral ribavirin is not 
very useful in severely ill patients who need treatment most, and the intravenous form of 



 
Zoonosis 210 

the drug is often difficult to obtain, since it is produced on a limited scale owing to the lack 
of demand, and it is not available in Iran.  

Oral ribavirin can be used prophylactically in instances of known exposure to infection, 
such as in needle stick injuries with the blood of patients with a confirmed diagnosis.  

Inactivated vaccines prepared from infected mouse brain were used for the protection of 
humans in Eastern Europe and the former Soviet Union in the past, but no commercial 
vaccines are currently available (Richman 2002, M.W.Service 2001, Goodman 2005).  
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of demand, and it is not available in Iran.  

Oral ribavirin can be used prophylactically in instances of known exposure to infection, 
such as in needle stick injuries with the blood of patients with a confirmed diagnosis.  

Inactivated vaccines prepared from infected mouse brain were used for the protection of 
humans in Eastern Europe and the former Soviet Union in the past, but no commercial 
vaccines are currently available (Richman 2002, M.W.Service 2001, Goodman 2005).  
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1. Introduction  
Leptospirosis is a serious spirochete zoonotic disease of increasing worldwide prevalence 
and distribution (Bharti et al., 2003; Levett, 2001). The disease especially occurs in tropical 
areas with high rainfall and severe human cases may cause multi-organ failure leading to 
death. The World Health Organization (WHO) has estimated that approximately 10-100 
cases per 100,000 people are infected annually in tropics (WHO, 2003). Although 
leptospirosis has been recognized for many years, it is considered a re-emerging disease of 
humans in many regions, exemplified by recent outbreaks in Brazil (Romero et al., 2003), 
India (Chaudhry et al., 2002), Malaysia (Sejvar et al., 2003), Nicaragua (Ashford et al., 2000; 
Trevejo et al., 1998), Sri Lanka (Epidemiology Unit-Sri Lanka, 2009a) and Thailand 
(Thaipadungpanit et al., 2007). It also causes substantial domestic livestock losses annually 
(Faine et al., 1999).  

The disease occurs mainly in areas where humans or other animals come into contact with 
the urine of infected animals or a urine-polluted environment. Secondary human-to-human 
transmission occurs rarely (WHO, 2003). In tropics, approximately 10% of hospital 
admissions case attributes to leptospirosis infection, particularly following rains or floods 
(Kenneth et al., 2010). True incidence of leptospirosis is under-estimated due to lack of 
appropriate diagnostic capacity, and case finding and reporting in both human and 
veterinary medicine have been limited and biased (Cachay and Vinetz, 2005).  

The clinical diagnosis of leptospirosis is complicated due to the varied and non-specific 
manifestations of its symptoms which resemble those of other infectious diseases in tropics, 
such as dengue fever or dengue hemorrhagic fever, malaria and scrub typhus. Inadequate 
and poor laboratory facilities tend to hamper the accurate identification of leptospirosis, 
thus the disease remains largely under-diagnosed and therefore under-estimated (WHO, 
2003). 
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At present, 26.5 % of the 6.8 billion (2010) of the world population live in the WHO South-
East Asia (WHO SEA) Region and 57% of the 774 million workforce is engaged in 
agriculture (WHO, 2009a). In the last few decades, tropical diseases continue to have 
crippling effects on the inhabitants especially people who live in poverty. The WHO SEA 
Region possess a high burden of tropical diseases such as lymphatic filariasis, soil 
transmitted helminthiasis, visceral leishamaniasis, trachoma, yaws, schistosomiasis, dengue, 
rabies, leprosy, Japanese encephalitis and leptospirosis, which are reported from one or 
more of the Member States of this region (Table 1) (WHO, 2011). The WHO SEA Region is a 
hotspot for emerging infectious diseases especially zoonoses and vector-borne diseases. 
Continuous population growth, mobility, rapid urbanization, environmental changes, 
deforestation, and climate change are acting as major factors that lead to increase the 
infectious diseases incidence in the region. 

 
Fig. 1. Map of the WHO South-East Asia Region. The WHO South-East Asia (SEA) Region 
has eleven Member States: Bangladesh, Bhutan, Democratic People's Republic (DPR) of 
Korea, India, Indonesia, Maldives, Myanmar, Nepal, Sri Lanka, Thailand, and Timor-Leste. 

Despite the high prevalence of many infectious diseases in the region, up-to-date 
information is not sufficiently available to make an estimation of the burden of diverse 
diseases and any cross-country comparison difficult. Laboratory diagnosis and surveillance 
are crucial to generate proper epidemiological information on the diseases in a country or a 
region (WHO, 2002). However, most of the Member States are lacking proper diagnostic 
laboratories despite the continuation of endemics of these diseases for many decades.  

The aim of this chapter is to summarize the current situations of epidemiology, surveillance 
and laboratory diagnosis of leptospirosis in the WHO SEA Region. We reviewed the 
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literature for the past two decades published in the PubMed (NLM) database. The 
combination of keywords <Country name> and <Leptospirosis> were used as search 
criteria. Appropriate publications were selected and summarized in subsequent sections. 
Furthermore, we used the Google search engine to locate the documents on leptospirosis of 
the WHO SEA Region. 

 
(Adopted from Communicable Disease Newsletter, World Health Organization Regional Office for 
South-East Asia January 2011 Volume 8 issue 1; and revised accordingly leptospirosis situation in the 
WHO South-East Asia Region, World Health Organization Regional Office for South-East Asia)  

Table 1. Distribution of reported tropical diseases in South-East Asia region. 

2. Epidemiology 
Leptospirosis is an important public health problem in resource-poor countries in tropics. In 
tropical regions, cases are reported year-round but predominantly during the rainy season 
(Sarkar et al., 2002; Trevejo et al., 1998). The increased risk during the rainy season becomes 
higher after flooding that accompanies natural disasters, when the human population may 
be exposed to water contaminated with urine from infected animals. Outbreaks associated 
with flooding and natural disasters have occurred in Nicaragua in 1995 (Trevejo et al., 1998), 
in Brazil in 1996 (Barcellos & Sabroza, 2000), and in India in 2002 (Karande et al., 2002). 
Seasonality of leptospirosis would be related to agricultural cycles.  

It has been shown that people who are engaged in agriculture and animal husbandry have 
high risk of leptospirosis in comparison to other occupations (WHO, 2011a). A case-control 
study in Thailand revealed an increased risk of leptospiral infection among persons that 
performed various agricultural activities in wet fields for > 6 hours/day (Tangkanakul et al., 
2005). In tropical areas such as SEA Region, annual incidence rates ranges from 10–100 per 
100,000 people (WHO, 2003) and the disease is endemic in almost all Member States for 
many decades. Recent outbreaks were reported from Sri Lanka, India and Thailand. 
Epidemiology of leptospirosis in SEA Region mainly depends on various socio-cultural, 
occupational, behavioral and environmental factors. Unfortunately, national incidence data 
is not available other than outbreak reports or research based case series studies in many 
SEA Member States (Table 2). Among the Member States, Bangladesh, Bhutan, DPR of 
Korea, Maldives, Myanmar, Nepal and Timor-Leste has limited or no published 

Bangladesh Bhutan DPR Korea Inida Indonesia Maldives Myanmar Nepal Sri Lanka Thailand Timor-Leste
1 Chikungunya ◆ ◆ ◆ ◆ ◆

2 Dengue ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆

3 Japanese Encephalitis ◆ ◆ ◆ ◆ ◆ ◆

4 Leprosy ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆

5 Leptospirosis ◆ ◆ ◆ ◆ ◆ ◆

6 Lymphatic filariasis ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆

7 Rabies ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆

8 Schistosomiasis ◆

9 Soil Transmitted
helminthaiasis ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆ ◆

10 Trachoma ◆ ◆ ◆

11 Visceral Leishmaniasis ◆ ◆ ◆ ◆

12 Yaws ◆ ◆ ◆

Member country name
Disease Name 
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epidemiological information compared to Thailand, Sri Lanka, India and Indonesia (WHO, 
2008). In SEA region, the most recent large leptospirosis outbreak occurred in Sri Lanka in 
2008, with 7,423 clinically diagnosed leptospirosis cases (Incidence rate 35.7 per 100,000 
people) and 207 deaths reported according to leptospirosis case definition (Epidemiology 
Unit-Sri Lanka, 2009b). Although the number of leptospirosis cases and deaths were 
reduced in 2009 and 2010, Sri Lanka still reported the highest annual leptospirosis cases 
among the SEA Member States (4,980 in 2009 and 4,545 cases in 2010). Based on hospital-
based sentinel surveillance data, nearly half of the cases are aged between 30-49 years and 
80% are male. Two thirds of the patients were exposed to paddy fields and muddy areas 
either accidently or due to the nature of occupation. During the 2008 outbreak, 37% of 1,414 
clinically diagnosed cases were positive for genus specific MAT using the Patoc strain of 
Leptospira biflexa. Agampodi et al (2011) and Koizumi et al (2009) have investigated portions 
of the 2008 outbreak serum samples by MAT using a panel of pathogenic strains. The results 
revealed that serogroups Pyrogenes and Sejroe were predominant in Kegalle and Kandy, 
respectively.  

Leptospirosis is an important public health issue in Thailand. From 1995 to 2000, the disease 
incidence rate increased from 0.3 to 23.7 per 100,000 people, although the incident rate has 
dropped in recent years (2009a). In 2009 Bureau of Epidemiology Department of Disease 
Control, Ministry of Public Health Thailand reported that 5,439 leptospirosis cases and 64 
deaths due to leptospirosis (incidence rate of 8.57 per 100,000 people and fatality rate of 0.1 
per 100,000 people) with the male to female ratio of 4:1. Of the 5,439 cases, 72.9% were aged 
between 25 - 64 years and 72.4% were occupied in agriculture and labor sectors. Most 
infections occur in agricultural workers, primarily rice producers (Bureau of Epidemiology 
Department of Disease Control, 2009).  

In India, outbreaks of leptospirosis have increasingly been reported from the coastline: Gujarat 
(Clerke et al., 2002), Mumbai (Karande et al., 2002), Kerala (Kuriakose et al., 2008), Chennai 
(Ratnam et al., 1993) and Andaman Islands (Sehgal et al., 1995). A 5 year consecutive sero-
epidemiological study conducted in Kerala state has shown that 29.6% inhabitants possessed 
anti-leptospiral antibodies and the prevalent serogroups were Autumnalis, Louisiana, 
Australis, and Grippotyphosa (Kuriakose et al., 2008). In another study conducted by Sehgal 
and colleagues as part of a multi-centric study on disease burden due to leptospirosis (initiated 
by the Indian Council of Medical Research in 2000), 3,682 patients with acute febrile illness, 
from 13 different centers in India, were investigated for the presence of current leptospiral 
infection using the Lepto-dipstick test. Of these patients, 469 (12.7%) were found to possess 
anti-leptospiral IgM. The positivity rate ranged from 3.27% in the central zone to 28.16% in the 
southern zone. Fever, body aches and chills were the common symptoms observed. Urinary 
abnormalities, such as oliguria, yellow discoloration of urine and hematuria were found in 
20%-40% of patients. (Sehgal et al., 2003). 

In Indonesia, human leptospirosis cases were reported first in 1952, when it had been 
known as Canicola fever (Smit et al., 1952). There was a marked increase in human 
leptospirosis cases between 2003 (85 cases) to 2007 (666 cases). The outbreak in 2007, 
approximately 93% of the cases were laboratory confirmed and the case fatality rate was 8% 
(WHO, 2009a). However, a recent outbreak in Bantul regency in Indonesia’s central Java 
region had a 27% case fatality (Netnewspublisher, 2011). Prevalence of rickettsioses and 
leptospirosis was investigated among urban residents in Semarang, revealing that 13 out of 
137 febrile patients were confirmed as leptospirosis (Gasem et al., 2009). 
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Although data on leptospirosis in Bangladesh is limited, LaRocque R. C., et al. (2005) 
reported 18% of dengue-negative febrile patients at two Dhaka hospitals were positive for 
leptospirosis by PCR in a 2000 dengue outbreak. In a serosurvey conducted in rural 
Bangladesh in 1994 revealed high prevalence of anti-leptospiral antibodies among both 
patients with jaundice and healthy controls (Morshed et al., 1994). 

There is no published information on human leptospirosis in Bhutan and Myanmar. 
However, leptospirosis in animal populations has been reported from both countries (WHO, 
2009a). In 2000 Maldives reported their first human leptospirosis case (WHO, 2009a). In 
Nepal, no national surveillance program for leptospirosis exists. However, Myint, K. S., et al 
(2010) detected anti-leptospiral antibodies in military personnel participating in an efficacy 
study of a hepatitis E virus vaccine in Nepal. Among the 1,566 study volunteers, the 
prevalence of leptospirosis was 9% among hepatitis cases and 8% among febrile cases. The 
predominant serogroups were Bratislava, Autumnalis, Icterohaemorrhagiae, and Sejroe. 
Timor-Leste and DPR Korea have no published data about human leptospirosis.  

Considering the urgent necessity of obtaining proper and up-to-date leptospirosis burden 
data to formulate and revise ongoing control and prevention activities, the WHO convened 
an international consultation to assess potential methods to determine a global burden of 
leptospirosis in October 2006. As an outcome of this meeting, the Leptospirosis Burden 
Epidemiology Reference Group (LERG), established in partnership with other international 
organizations, has started conducting global research that provides the necessary data for 
designing an appropriate policy targeted towards decreasing the burden of leptospirosis. 
LERG conducted an informal expert consultation on surveillance, diagnosis and risk 
reduction of leptospirosis in SEA Region, in Chennai, India on 17-18 September 2009. The 
experts recommended necessary measures to improve surveillance, estimation of burden of 
the disease, advocacy, awareness and education, diagnosis and vaccination (WHO, 2009b). 
Although WHO's LERG mainly focuses on human leptospirosis and its burden, future 
models which estimate the burden of the disease should pay attention to animal reservoirs, 
climate change and other environmental factors that may have an effect on particular 
regions of the world (Abela-Ridder et al., 2010)   

3. Surveillance systems 
Disease surveillance is a critical component of the health system in generating essential 
epidemiological information for a cost-effective healthcare delivery (WHO, 2002). Through 
surveillance, incidences and distributions of diseases (e.g., leptospirosis) and the 
implications for effective public health strategies are identified. Although surveillance of 
leptospirosis has been in place in many SEA Member States for decades now, it has yet to be 
adopted and implemented as a monitoring tool to address issues related to control and 
prevention of the disease (WHO, 2002). Surveillance of leptospirosis has been proven to be 
an effective and economical disease control tool in detecting and preventing large outbreaks 
(Jena et al., 2004). The WHO provides standards and guidelines for leptospirosis 
surveillance (WHO, 1999). Only a few SEA Member States adopted these standards (e.g., Sri 
Lanka and Thailand). Most of the Member States are lacking specific government policies 
and legal frameworks to support surveillance and have inadequate laboratory facilities and 
reporting systems. Furthermore, there is poor interaction between human and veterinary 
health sectors for better coordination and collaboration toward surveillance and control of 
leptospirosis (Narain and Bhatia, 2010).  
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Although data on leptospirosis in Bangladesh is limited, LaRocque R. C., et al. (2005) 
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(2010) detected anti-leptospiral antibodies in military personnel participating in an efficacy 
study of a hepatitis E virus vaccine in Nepal. Among the 1,566 study volunteers, the 
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the disease, advocacy, awareness and education, diagnosis and vaccination (WHO, 2009b). 
Although WHO's LERG mainly focuses on human leptospirosis and its burden, future 
models which estimate the burden of the disease should pay attention to animal reservoirs, 
climate change and other environmental factors that may have an effect on particular 
regions of the world (Abela-Ridder et al., 2010)   
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Disease surveillance is a critical component of the health system in generating essential 
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surveillance, incidences and distributions of diseases (e.g., leptospirosis) and the 
implications for effective public health strategies are identified. Although surveillance of 
leptospirosis has been in place in many SEA Member States for decades now, it has yet to be 
adopted and implemented as a monitoring tool to address issues related to control and 
prevention of the disease (WHO, 2002). Surveillance of leptospirosis has been proven to be 
an effective and economical disease control tool in detecting and preventing large outbreaks 
(Jena et al., 2004). The WHO provides standards and guidelines for leptospirosis 
surveillance (WHO, 1999). Only a few SEA Member States adopted these standards (e.g., Sri 
Lanka and Thailand). Most of the Member States are lacking specific government policies 
and legal frameworks to support surveillance and have inadequate laboratory facilities and 
reporting systems. Furthermore, there is poor interaction between human and veterinary 
health sectors for better coordination and collaboration toward surveillance and control of 
leptospirosis (Narain and Bhatia, 2010).  
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Among the WHO SEA Member States, Maldives, Myanmar, Sri Lanka and Thailand include 
leptospirosis as one of the notifiable diseases in the country. In India, although leptospirosis 
is not listed as a target disease in the National Surveillance Program for Communicable 
Diseases (NSPCD) or in the Integrated Disease Surveillance Program (IDSP) under the core 
diseases, it is included in 5 endemic States (Maharashtra, Karnataka, Kerala, Gujarat, Tamil 
Nadu) (Regional Medical Research Centre, 2006). 

Sri Lanka’s national disease reporting system, which is empowered by the quarantine and 
prevention of diseases ordinance enacted in 1897 with subsequent amendments, identifies 
28 notifiable diseases including leptospirosis, and provides the guidelines for their reporting 
to physicians and other healthcare personnel (Figure 2). In 2004, in parallel to the notifiable 
diseases reporting system, the government implemented the hospital-based sentinel site 

 
MOH: Medical Office of Health; RE: Regional Epidemiologist; WER: Weekly Epidemiological Report; 
PHI: Public Health Inspector; H544, H399, H411a : specific forms for reporting process. 
Fig. 2. Flow chart on the reporting system of notifiable diseases in Sri Lanka  
(Source: Sentinel site surveillance guidelines (2010), Epidemiology Unit, Ministry of Health,  
Sri Lanka). 
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surveillance for leptospirosis. The sentinel surveillance seeks to obtain clinical (e.g. signs 
and symptoms), epidemiological (e.g. exposures), laboratory (e.g. infected serogroup) and 
prophylactic treatment (e.g. use of antibiotics) information among those suspected of having 
an infection (Epidemiology Unit-Sri Lanka, 2009a).  

Surveillance of leptospirosis and other 49 diseases is currently (2009) undertaken in 
Thailand by the Bureau of Epidemiology, Department of Disease Control, Ministry of Public 
Health. The disease surveillance data such as morbidity rate, mortality rate, gender, age 
group, occupation, place of treatment and type of patient (for death and cure cases) are 
published weekly and annually through the homepage of Bureau of Epidemiology, 
Thailand (http://www.boe.moph.go.th/). 

Leptospirosis is one of the most economically important diseases in the livestock sector and 
possesses a zoonotic hazard towards the people who are involved in this sector. However, 
leptospirosis is drastically neglected in most of the WHO SEA Member States, although its 
surveillance in rodents and domestic animals is important for developing its appropriate 
control and prevention strategies. It is not a priority disease in the veterinary sector and 
there is no systematic surveillance among livestock in the WHO SEA Region. Furthermore, 
there is no veterinary and medical institutional arrangement to estimate the burden of 
leptospirosis in most of the Member States of the WHO SEA region.  

4. Laboratory diagnosis 
Leptospirosis has diverse clinical manifestations that resemble many other tropical 
infectious diseases such as dengue fever, malaria, and scrub typhus which are prevalent in 
the region. Though a large number of fever of unknown origin are reported to the health 
facilities, investigation for leptospirosis is not carried out partly due to poor knowledge of 
clinical manifestations of the disease or lack of proper laboratory diagnostic facilities. Thus a 
large number of leptospirosis cases are reported without laboratory confirmation which 
directly affects the estimated disease burden in the region. Laboratory diagnosis of 
leptospirosis involves two groups of tests. One group is designed to detect anti-leptospiral 
antibodies, while the other group is to detect leptospires, leptospiral antigens, or leptospiral 
nucleic acid in body fluids or tissues (Levett, 2001). Culture and microscopic agglutination 
test (MAT) are the gold standard methods for its laboratory diagnosis. However, these 
methods are laborious for the routine use. 

The MAT is the most widely used diagnostic serological test. Although MAT detects 
serogroup-specific antibodies, it appeared to be of little value for predicting infecting 
serogroup (serovar) of patients (Levett, 2003; Katz et al., 2003; Smythe et al., 2009). MAT 
requires paired sera for definitive diagnosis of leptospirosis. Seroconvension or at least 
fourfold increase in the titer must be observed between acute and convalescent serum 
samples. Anti-leptospiral antibodies detected by MAT are present for months to years after 
infection. Thus, it is difficult to confirm acute infection from a single serum sample. In 
endemic areas, a high titer of 400 or more in a symptomatic patient is generally accepted as a 
criterion for disease confirmation (Levett, 2001). Furthermore, MAT requires maintenance of 
a panel of Leptospira cultures prevalent in a particular geographical area, and appropriate 
quality control must be employed.  

Several whole Leptospira cell-based rapid screening tests for antibody detection in acute 
infection have been developed, including enzyme linked immunosorbent assay (ELISA), 
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infection. Thus, it is difficult to confirm acute infection from a single serum sample. In 
endemic areas, a high titer of 400 or more in a symptomatic patient is generally accepted as a 
criterion for disease confirmation (Levett, 2001). Furthermore, MAT requires maintenance of 
a panel of Leptospira cultures prevalent in a particular geographical area, and appropriate 
quality control must be employed.  

Several whole Leptospira cell-based rapid screening tests for antibody detection in acute 
infection have been developed, including enzyme linked immunosorbent assay (ELISA), 
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latex agglutination test, lateral flow assay, and IgM dipstick (Bharti et al., 2003; Levett, 2001; 
McBride et al., 2005, Toyokawa et al., 2011). These assays have been used as alternatives to 
MAT but have low sensitivity especially during the acute phase (Smits et al., 2001; Effler et 
al., 2002; Hull-Jackson et al., 2006; McBride et al., 2007). Furthermore, the diagnostic 
accuracies of these techniques are poor in some areas where leptospirosis is endemic 
(Blacksell et al., 2006; Myint et al., 2007).  

PCR is demonstrably useful for early diagnosis of leptospirosis before its antibody production 
has commenced. PCR protocols for detection of leptospiral DNA in clinical materials have 
been developed (Ahmed et al., 2009). Conventional or real time PCR assays targeting a range 
of genes, such as 16SrRNA, 23SrRNA, LipL32, LipL21, RpoB, GyrB, OmpL1, LigA and B, and 
flagellin, have been described (Slack et al., 2006; Stoddard et al., 2009; Reitstetter et al., 2006; 
Kawabata et al., 2001). However, PCR may not be widely applied in resource-poor countries 
due to its high operational cost (Sehgal et al., 2003). Thus, diagnostic methods that not only 
have higher sensitivity and accuracy for early-phase leptospirosis but also are applicable 
widely in resource-poor countries remain to be developed. 

 
*No publication were found from Bhutan, DPR Korea, Madives Myanmar and Timor-Leste for the 
period of January, 2009 – October, 2011. 

Table 2. Leptospinosis in WHO South-East Asian Member States bases on the publucation 
published form 2007 to 2011. 

Inadequate and poor laboratory facilities available in the WHO SEA Region, tend to hamper 
the accurate identification of leptospirosis, thus remaining largely under-diagnosed and 
therefore under-estimated (WHO, 2003). Among the WHO SEA Member States, only India, 
Indonesia, Sri Lanka and Thailand have fully or partially implemented laboratory facilities 
to diagnose leptospirosis (WHO, 2009b). However, those laboratories need to be 
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methods used Point prevalence Demographics Rsik

factors
Prevalent
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India
(Chauhan et

al., 2010)

Sub-Himalayan
state of North

India (i.e.
Himachal
Pradesh)

August 1 -
October 31,

2009

13 leptospirosis
suspected patients

IgM ELISA and
PCR (G1 and G2

primers)

10 were IgM
positive, One

positive by PCR

Male: 77%
Age: ranged
24-78years,

mean 44years
old

Contacted
with

animals or
contaminat
ed water

NA

Sri Lanka
(Agampodi et

al., 2011)

Kandy, Kegalle
and  Matale

districts

August 20
2008 - January

6 2009

Of 746 patients with
acute febrile illness 401

probable cases of
leptospirosis were

examined

ELISA, MAT and
PCR NA NA NA

Pyrogenes,
Javanica, Sejroe
and Hebdomadis

Indonesia
(Gasem et
al., 2009)

Semaranga in
central Java

Feb 2005 - Feb
2006

137 acute
undeferentiated fever

patients

Lepto Tek Dri Dot
(a commercial

prodcut), MAT  and
IgG ELISA

10% NA NA Bataviae

Thailand
(Wuthiekanu

n et al.,
2007)

9 provinces
located in north,

northeast, central
and southern

regions

March 2003 -
November

2004

700 leptospirosis
suspected patients MAT and culture

20% were
laboratory
confirmed

leptospirosis
patients

Among
confirmed

cases median
age was 35
years (range
10-68 years).

85% were men.

NA

Autumnalis,
Bataviae,

Pyrogenes,
Javanika,

Hebdomadis,
Grippotyphosa

Bangladesh
(Kendall et
al., 2010)

Kamalapur,
Dhaka

Jan 1 - Dec 31,
2001

878 febrile patients.
Only 584 had paired

sera samples

Sceening by IgM
ELIA. Confirmation

by MAT

8.4% (definite +
probable
infection)

Male 41%
Age: 17.8+-
13.1 years

Sarmin and Mini

Nepal (Myint
et al., 2010)

Army unit
stationed in
Kathmandu

July-August
2001

2000 volunteers from
the Nepalese Army

IgM ELISA and
MAT

9% among clinical
hepatitis cases

11% among non
hepatic febrile

cases

All male, mean
age (+-SD)
25.2+-6.25

NA

Bratislava,
Icterohaemorrhagia
e, Autumnalis and

Sejroe
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strengthened and standardized to produce countrywide services and to perform more 
accurate and specific diagnostic procedures. 

In Sri Lanka, two governmental institutions, namely the Medical Research Institute (MRI), 
the Ministry of Health and the Veterinary Research Institute (VRI), Department of Animal 
Health and Production, have the capacity to diagnose leptospirosis using MAT. However, 
MRI is capable of a limited genus level serological diagnosis using only L. biflexa Patoc I 
strain (Dassanayake et al., 2009). In 2008, 37% of 1,414 suspected leptospirosis human cases 
were serological positive, but no information on infective serogroup was available 
(Epidemiology Unit, Ministry of Health, 2009a). 

In India, the isolation of pathogenic leptospires from human and animal hosts in several 
parts of India has been reported (WHO, 2006). Because there are only limited facilities for 
serotyping in the country, most of the isolates were typed to the serogroup level only 
(Gangadhar et al., 2008). 

Diagnosis of leptospirosis in Indonesia has been performed at the Pasteur Institute located 
in Ho Chi Minh (HCM) City, Vietnam (Laras et al., 2002). In-house developed ELISA, MAT 
and PCR methods are employed in Thailand (Kee et al., 1994; Tangkanakul et al., 2005). In 
Thailand, local institutes collaborate with the Collaborating Center for Reference and 
Research on Leptospirosis, Brisbane, Queensland, Australia (Wuthiekanunet al., 2007). 

5. Conclusion  
Leptospirosis is an emerging zoonotic disease of public health importance in countries of the 
WHO's South-East Asia Region. In some Member States, the disease has been endemic for 
many decades and causes sporadic outbreaks. The disease epidemiology is tightly linked to 
regional climatic factors and major occupational sectors such as agricultural and livestock 
workers. Interventions need to give special attention to at-risk geographic areas with a high 
case fatality rate and to individuals of particular socio-demographic characteristics (e.g., men 
and agricultural workers). Further research needs to be carried out concerning more patho-
physiological information of the disease to prevent leptospirosis deaths that could be 
prevented with proper and timely treatment after an early and accurate diagnosis of the 
disease. However, adequate laboratory tests for early diagnosis are still lacking (Toyokawa 
et al, 2011). Diagnostic methods that not only have higher sensitivity and accuracy for early-
phase leptospirosis but also are applicable widely in resource-poor countries need urgently 
to be developed. The existence of large numbers of reservoir animals and route of disease 
transmission make activities in prevention and control of leptospirosis in WHO SEA Region 
difficult, especially with financial constraints. The quality of data on which the control and 
prevention of leptospirosis in the region is based will hinge upon a periodic assessment of 
the efficacy with which the sentinel surveillance system captures, analyzes and disseminates 
information. Data quality along with accurate results from laboratory investigations will 
determine the true burden of leptospirosis infection in each member country and the region.  
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1. Introduction 
In contrast to the important global advance in the last decades in the food availability, 
hundreds of million people anywhere in the world suffer diseases caused by the food 
consumption, maintaining effective today, an important problem for the public health and 
an extraordinary cause of reduction of the productive economy. 

Foodborne diseases are caused by a number of agents, varying their severity from weak to 
chronic or acute disturbances that can affect or compromise the life of the consumer, and 
being the agents of biological origin (bacteria, viruses, parasites) the major cause of these 
diseases. 

The important advances accomplished regarding personal hygiene, basic cleaning, potable 
water supply, food control structures, and the increase of the systems of technological 
control that assure the elimination or destruction of food pathogens to safe limits, have led 
to a practically null number of cases of classic food diseases at the present time in the 
industrialized countries. 

Nevertheless, there are many reasons for foodborne disease remaining a global public health 
challenge. As some diseases are controlled, others emerge as new threats. New agents of risk 
have occupied the ecological niche of those on which control pressure has been exerted, 
replacing the previous ones. The proportions of the population who are elderly, 
immunosuppressed or otherwise disproportionately susceptible to severe outcomes from 
foodborne diseases are growing in many countries. Globalization of the food supply has led 
to the rapid and widespread international distribution of foods. This fundamental fact has 
motivated a radical change in the modern systems of management of the food safety, forced 
to the search of new methods of risk assessment, more effective preventive systems, 
permanent research of new systems of identification of these agents, to the development of 
the epidemiology applied to the food hygiene and the application of much more effective 
methods in the complex world of the decision making. 

A recent publication from the United States concludes that more than 90 percent of the 
health burden is caused by five pathogens: Salmonella spp., Campylobacter spp., Listeria 
monocytogenes, Toxoplasma gondii and norovirus. Toxoplasma gondii is not a “front page” 
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foodborne pathogen, but it is very important from a public health standpoint (Batz et al., 
2011). The CDC (Centers for Disease Control and Prevention) estimates that foodborne 
toxoplasmosis is surpassed only by Salmonella in the number of annual deaths it causes. 
Although toxoplasmosis is conventionally associated with cats and kitty litter, curently it is 
estimated that 50% of cases are foodborne (Scallan et al., 2011).  

Parasites, including Toxoplasma gondii, are reported less frequently in humans, and have 
caused fewer outbreaks than bacteria and viruses in the European Union (EU). However, in 
many instances, their impact (severe illness, disability, death, and costs related to diagnostic 
procedures, hospitalization and treatment) on vulnerable groups of the population, and 
often in immunocompetent persons, has been considerable (EFSA, 2007). 

Toxoplasmosis is a common infection in animals and humans. It is caused by an obligate 
intracellular protozoan parasite, Toxoplasma gondii. The life cycle of Toxoplasma includes 
asexual multiplication in the intermediate host and sexual reproduction in the definitive 
host. Many species of warm-blooded animals can act as intermediate hosts and, seemingly, 
most animal species may be carriers of tissue cysts of this parasite. Cats and wild felids are 
the only definitive hosts that may pass oocysts with their faeces and these needs to sporulate 
in the environment before becoming infective.  

In intermediate hosts, Toxoplasma undergoes two phases of asexual development. In the first 
phase, tachyzoites multiply rapidly in many different types of host cells. Tachyzoites of the 
last generation initiate the second phase of development which results in the formation of 
tissue cysts containing bradyzoites, which multiply only infrequently. All hosts, including 
humans, can be infected by three different life cycle stages: tachyzoites, bradyzoites 
contained in tissue cysts and sporozoites contained in sporulated oocysts (Dubey, 2007). 

The organotropism of tissue cysts varies in different intermediate host species. In many 
hosts, tissue cysts have a high affinity for neural and muscular tissues. They are located 
predominantly in the central nervous system, the eye as well as skeletal and cardiac 
muscles. However, to a lesser extent they may also be found in visceral organs, such as 
lungs, liver, and kidneys (Dubey, 1993; Dubey et al., 1998). Tissue cysts are the terminal life-
cycle stage in the intermediate host and are immediately infective. In some intermediate 
host species, including most livestock, they may persist for the life of the host, being 
consumption of raw or undercooked meat products containing tissue cysts a major risk 
factor associated with human toxoplasmosis (Dubey & Beattie, 1988; García et al., 2006; Hill, 
2007; Mie et al., 2008). Toxoplasma has historically been associated with pork meat but a 
recent case-control study by CDC found the leading foodborne risks to be eating raw 
ground beef, rare lamb or locally-produced cured, dried or smoked meat (Jones et al., 2009). 

Consumption of food and water contaminated with sporulated oocysts and congenital 
infection, are another main modes of transmission of T. gondii. In humans, the majority of 
infections is asymptomatic or cause mild flu-like symptoms. However, infection may 
produce a severe disease in immunocompromised people, and abortions in pregnant 
women, as well as adverse effects such as perinatal death, fetal abnormalities, or reduced 
quality of life in children who survive a prenatal infection. T. gondii can cause permanent 
and devastating damage to developing fetuses, including stillbirths, serious hospitalization 
during infancy, and permanent, lifelong mental and physical disabilities (EFSA, 2011 b). 
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Batz et al. (2011) estimate that congenital toxoplasmosis acquired through food results in 16 
stillbirths or neonatal deaths annually in USA, as well as in 216 infants born with mild to 
serious permanent impairments, ranging from blurry vision, mental impairment and 
neurological problems such as partial paralysis and abnormal movement. 

There is a globalisation in the trade of animals and food worldwide, so rules for trade of 
meat and meat products seek to guarantee that all imports and exports fulfil high standards 
to guarantee food safety. This should also be addressed to the animal health status and high 
standard of meat and meat products in order to avoid human toxoplasmosis. Besides 
measures focussing on pre-harvest food safety (e.g. surveillance and monitoring in animals), 
post-harvest strategies at slaughter and during food processing have become more and 
more important in recent years. 

With regard to meat processing, demands of consumers for pathogen free meat products 
have focused the attention of the meat industry on food safety and the necessity to produce 
meat that is wholesome, safe, and of high quality, using the appropriate technological 
treatments. Scientific studies have indicated that T. gondii tissue cysts in meat are susceptible 
to various physical procedures such as heat treatment, freezing, irradiation or high 
hydrostatic pressures, and some authors have suggested that tissue cysts are killed by 
commercial procedures of curing with salt. 

Improved surveillance is needed to better estimate the true incidence of foodborne 
toxoplasmosis, and significant increases in data collection, epidemiologic studies and 
scientific research are needed to understand the relative importance of routes of 
toxoplasmosis transmission. Addressing the risk of the foodborne disease requires the 
implementation of a well functioning and integrated food control system, and this 
necessitates collaboration among all the components of a food control system, including 
food law and regulations, food control management, inspection services, epidemiological 
and food monitoring (laboratory services), education, and communication with the 
consumer (WHO, 2008). Under this consideration, surveillance and monitoring in food and 
food products could provide important information for a better risk assessment on 
Toxoplasma and toxoplasmosis from the consumer protection point of view (EFSA, 2007). 

Considering the importance for the risk assessment process, the aim of this review is to 
show the state of the art for data implicating meat as a source of infection and to describe 
studies focused on the effect of technological processes of meat products in the inactivation 
of Toxoplasma gondii. 

2. Surveillance and monitoring in animals used for human consumption. 
Meat as a source of Toxoplasma gondii infection in humans 
There is a widespread distribution of Toxoplasma infection in a variety of livestock, wild 
animals and pets. Ingestion of environmentally robust stages (sporozoites in oocysts) or 
eating raw or undercooked meat or meat products containing tissue stages (tachyzoites or 
bradyzoites in tissue cysts), are the main transmission routes for T. gondii to humans 
(EFSA, 2007). 

Some authors assume that about 50% of all human toxoplasmosis cases are related to 
foodborne infection (Slifko et al., 2000), and retrospective epidemiological analyses of 
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human toxoplasmosis outbreaks suggest that many are associated with consumption of raw 
or undercooked meat or other edible parts of animals. Tenter et al. (2000) and Schlundt et al. 
(2004) estimated that the percentage of meat-borne cases was approximately 30% to 63%, 
depending on eating habits. 

However, the relative importance of the risk factor and the type of meat associated with it 
varied among different countries (Cook et al., 2000). For example, in France and Norway 
consumption of undercooked lamb was a stronger risk factor than consumption of 
undercooked pork (Kapperud et al., 1996; Baril et al., 1999), whereas in Poland consumption 
of undercooked pork was the principal risk factor identified in the study (Paul, 1998). These 
findings may reflect differences in eating habits of consumers or different prevalences of 
infection in meat producing animals in these regions.  

In response to natural infection, most farm animals are seropositive for T. gondii and 
serological studies have found evidence of widespread T. gondii infection in meat-producing 
animals. It is important to note that the organotropism of Toxoplasma and the number of 
tissue cysts produced in a certain organ vary with the intermediate host species. In livestock, 
tissue cysts of Toxoplasma are most frequently observed in various tissues of infected pigs, 
sheep, and goats, and less frequently in infected poultry, rabbits, and horses (Tenter et al., 
2000). Although tissue cysts are less resistant to environmental conditions than oocysts, they 
are relatively resistant to changes in temperature and remain infectious in refrigerated (1 to 
4°C) carcasses or minced meat for up to 3 weeks, i.e. probably as long as the meat remains 
suitable for human consumption (Dubey, 1988; Tenter et al., 2000). 

Experimental infections of food animals such as cattle, pigs, sheep and goats, have shown 
that these animals are susceptible to T. gondii contamination by intake of oocysts or tissue 
cysts, and that following experimental infection T. gondii can be isolated from their tissues, 
with the exception of beef (Dubey et al., 1980, 1984; Dubey, 1983, 1986a, 1988; Blewett et al., 
1982; McColgan et al., 1988; Lunden & Uggla, 1992; Dubey & Thulliez, 1993; Esteban-
Redondo et al., 1999; Tenter et al., 2000; Zia-Ali et al., 2007).  

It is very important the impact of farming systems on the risk of Toxoplasma infections. 
Recent data show that it is possible to significantly reduce the risk of Toxoplasma infection in 
livestock using intensive farm management with adequate measures of hygiene, 
confinement, and prevention. These measures include: (A) keeping meat-producing animals 
indoors throughout their life-time, (B) keeping the sheds free of rodents, birds, and insects, 
(C) feeding meat producing animals on sterilised food, and (D) controlling access to sheds 
and feed stores, i.e. no pet animals should be allowed inside them. On the contrary, 
production of free-ranging livestock will inevitably be associated with Toxoplasma infection. 
Animals kept on pastures with an increased pressure of infection due to contamination of 
the environment with oocysts, such as goats and sheep, show a high level of seropositives in 
many areas of the world, i.e. up to 75% to 92% respectively (EFSA, 2007). 

The observed decline in Toxoplasma seroprevalence as noted in many developed countries 
over past decades has been attributed to the introduction of modern farming systems 
resulting in a lower prevalence of Toxoplasma cysts in meat in combination with an increased 
use of frozen meat by consumers (Tenter et al., 2000; Kortbeek et al., 2004; AFSSA, 2005; 
Diza et al., 2005; Jones et al., 2007). 
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Another important aspect is the age of the animals. In a recent study (Berger-Schoch et al., 
2011), a P-30-ELISA was used to detect T. gondii-specific antibodies and to determine 
seroprevalences in meat juice of slaughtered animals in Switzerland. The study included 
pigs, cattle, sheep and wild boar of different age groups and housing conditions. The 
results show that the seropositivity increased with the age of the assessed animals. 
Independent of the age-group, the overall seroprevalence was lowest in wild boars (6.7%), 
followed by pigs (23.3%), cattle (45.6%) and sheep (61.6%). Conventional fattening pigs 
and free-ranging pigs surprisingly had comparable seroprevalences (14.0% and 13.0%, 
respectively). Unlike in other European countries, where generally a decrease in the 
number of seropositive animals had been observed, these authors found that the 
prevalence of seropositive animals, when compared with that of 10 years ago, had 
increased for most species/age groups. Conclusively, the results demonstrated a high 
seroprevalence of T. gondii in animals slaughtered for meat production and revealed that 
increasing age of the animals is a more important risk factor than housing conditions in 
this country.  

Sheep, rather than pigs, are the main source of infected meat in Southern European 
countries (EFSA, 2007). Data from a number of different European countries showing that, 
whilst seroprevalence of Toxoplasma amongst pigs has fallen in the last three decades, to 
around 1%, the measured values for sheep have remained significantly higher at 20–30% 
(Tenter et al., 2000). Relevant to this apparent increase in the potential of sheep to serve as a 
route of human infection is the fact that, like pigs, they do not generally develop overt 
clinical symptoms upon T. gondii infection (Owen & Trees, 1999). 

In sheep and goats, seropositives reported in different countries vary widely. Dubey (2009) 
reviewed serological surveys in various countries conducted since 1988, and found 3–96% 
positive results. This author also concluded that in general most sheep acquired infection 
before 4 years of age. Congenitally-infected lambs that survive the first week after birth 
usually grow normally and can be a source of infection for humans. In Europe, data 
available in sheep report seropositive rates of 16-66% (Tenter et al., 2000; Dumètre et al., 
2006; Pinheiro et al., 2009; Panadero et al., 2010; Pikka et al., 2010). High seroprevalences 
were found also in Bangladesh (40%) (Shahiduzzaman et al., 2011), and in New Zealand 
(61%) (Dempster et al., 2011). Seropositivity is found correlated with age, increasing from 
lambs (22%) to ewes (65.6%) (Dumetre et al., 2006) and also differences among different 
geographical areas were found (Panadero et al., 2010). 

Prevalence of T. gondii in lambs can be high but the role of ingestion of infected lamb in the 
epidemiology of toxoplasmosis in humans remains to be determined (Dubey & Jones, 2008). 
Raw or undercooked lamb meat is considered a delicacy in certain countries such as France 
and is therefore considered an important source of infection in that country (AFSSA, 2005). 
Adult sheep meat is often well cooked and therefore probably poses a smaller risk of 
infection to the consumer than lamb meat. All case-control studies have identified the 
consumption of mutton/lamb meat as a highly significant risk factor for contracting T. 
gondii infection in pregnant women. Symptomatic toxoplasmosis in a family in New York 
City was circumstantially linked to eating rare lamb (Masur et al., 1978). Recently a large-
scale screening of sheep farms has shown that 3.4% of sheep were shedding T. gondii in their 
milk (Fusco et al., 2007). 
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Although abortion and neonatal mortality are the main clinical signs, adult goats can 
develop clinical toxoplasmosis involving liver, kidneys and brain (Dubey & Beattie, 1988). 
Seroprevalence is dependent on the presence of oocysts in the environment, housing and 
climatic conditions (Tenter et al., 2000). Seropositivities reported in Europe in farmed goats 
vary from 4% to 77% and data in slaughtered goats in non-European countries range from 
0% to 40% (data reviewed by Tenter et al., 2000). Recently, a high seroprevalence was found 
in goats in Bangladesh (32%) (Shahiduzzaman et al., 2011). 

Although studies have reported the isolation of T. gondii from caprine tissues, no large-scale 
prevalence data are available on the presence of parasites in goat meat products (Dubey, 
1980, 1981; Sharma et al., 2003). Small ruminants such as goats are an important source of 
meat (very popular in several ethnic groups, especially from Asia) and milk in many 
undeveloped countries and may play a role as a source of infection for humans residing in 
these areas (Shrestha & Fahmy, 2005). As well, consumption of raw goat’s milk and milk 
products has been linked to cases of toxoplasmosis in humans (Riemann et al., 1975; Sacks et 
al., 1982; Skinner et al., 1990; Meerburg et al., 2006). 

Numerous serologic surveys on prevalence of T. gondii in pigs from different countries have 
been performed. The results showed wide variation in the prevalence values among 
countries and between regions within the same country (Tenter et al., 2000; Dubey, 2009; 
Dubey & Jones, 2008; Alvarado-Esquivel et al., 2011; Yu et al., 2011). T. gondii infection is 
widespread in pigs raised in Spain and a seroprevalence of 16.6% was obtained in a recent 
study (Garcia-Bocanegra et al., 2010). Similar seroprevalences were obtained in studies 
carried out in Italy (Villari et al., 2009; Veronesi et al., 2011), Portugal (De Sousa et al., 2006) 
and Germany (Damriyasa et al., 2004). Lower seroprevalence levels were found in USA 
(2.6%) (Hill et al., 2010), Sweden (5.2%) (Lundén et al., 2002), the Netherlands (10.9%) 
(Kijlstra et al., 2004) and Mexico (12.7%) (Alvarado-Esquivel et al., 2011); while higher values 
were observed in Serbia (28.9%) (Klun et al., 2006) and Argentina (37.8%) (Venturini et al., 
2004). Analysis of swine management practices indicated that rodent control methods and 
carcass disposal methods were associated with differences in the number of T. gondii 
positive samples on farm (Hill et al., 2010). 

Also, prevalence of T. gondii varies dramatically among the classes of pigs surveyed (market 
pigs versus sows, indoor pigs with a biosecurity system versus free-range) (Dubey& Jones, 
2008). Seropositivities in swine reared in Europe (Tenter et al., 2000) vary from null to 64% 
for fattening/slaughter pigs and from 3 to 31% for sows. 

Seropositivity in general is a good indicator of the presence of viable parasites in tissues 
(Dubey et al., 1995, 2002; Dubey & Jones, 2008) and the level of isolation increased with 
antibody titre in the pig (Dubey et al., 1995). However, the antibody titre that should be 
considered indicative of latent infection in pigs is not always certain because viable T. gondii 
has been isolated from seronegative pigs (Hejlíček & Litérak, 1993; Omata et al., 1994; Dubey 
et al., 1995, 2002; De Sousa et al., 2006). These results indicates that either these pigs were 
recently infected and had not yet developed T. gondii antibodies, or that the antibody titres 
had declined to undetectable levels (Dubey et al., 1995). In this regard, Hill et al. (2006) 
suggest that the antibody response may be independent of parasite burden. 

Toxoplasma cysts in pork can persist for a long time, and has been considered an important 
source of infection for humans (EFSA, 2007). A qualitative risk assessment identified 
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Toxoplasma gondii and Trichinella spp., as well as Salmonella spp. and Yersinia enterocolitica, as 
the most relevant biological hazards in the context of meat inspection of swine (EFSA, 2011a). 
However, due to major changes in animal production hygiene, the prevalence of T. gondii in 
pork meat has decreased (Tenter et al., 2000; Dubey & Jones, 2008), and currently, modern 
production systems, especially those in which intensive management has been adapted, have 
virtually eliminated T. gondii infection in pigs (van Knapen et al., 1995; Davies et al., 1998; 
Kijlstra et al., 2004; van der Giessen et al., 2007; Kijlstra & Jongert, 2008b). 

Several epidemiological studies conducted in The Netherlands show that the prevalence of 
antibodies specific for Toxoplasma antigens in industrially kept fattening pigs is declining 
over the years. In 1969, a seroprevalence of 54% for Toxoplasma antibodies was observed in 
fattening pigs, while in 1982 this was only 1.8% (van Knapen et al., 1995). In a survey 
conducted in 1983–1984, seroprevalence was 23% in market pigs and 42% in breeder pigs 
(sows) (Dubey et al., 1991). When pigs from these same areas were tested in 1992, prevalence 
had dropped to 20.8% in breeders and 3.1% in finisher pigs (Dubey et al., 1995). In Brazil, 
the seroepidemiological investigation of T. gondii on farms revealed a prevalence of 37.8% in 
the early 1990s, ten years later this rate had decreased to 15.4% (Vidotto et al., 1990; Tsutsui, 
2000). This downward tendency has been observed worldwide and is presumed to be 
related to the indoor housing system of pigs, where contact with cats is prevented and 
vermin in the stables is under control (van Knapen et al., 1995). However if bio security 
standards are low, the prevalence could increase up to 51-55% (Dubey et al., 2005). 

Although modern meat production has reduced the prevalence of T. gondii in young pigs in 
Europe and North America (Tenter et al., 2000), a higher seroprevalence of T. gondii has 
been observed in sows compared to fattening pigs (Dubey, 1986a; Weigel et al., 1995; 
Lundén et al., 2002; Damriyasa, et al., 2004; Villari et al., 2009; García–Bocanegra et al., 2010; 
Alvarado-Esquivel et al., 2011). The higher seroprevalence in sows compared with market 
age pigs is epidemiologically relevant with respect to transmission of T. gondii. Market age 
pigs are sold for use in fresh, unprocessed pork products whereas meat from breeding sows 
is usually processed (such as sausages, salami, etc.) and processing kills or reduces T. gondii 
in pork (Dubey, 2009). 

Recent trends in consumer habits indicate a shift towards consumption of "animal-friendly" or 
"organic" pigs. This animal production system of rearing pigs outdoors increased risk of 
exposure to T. gondii and it is likely to increase T. gondii seroprevalence. A study on 
seroprevalence of Toxoplasma antibodies conducted in 2001-2002 in The Netherlands indeed 
demonstrated a prevalence of 2.9% in pigs kept in animal-friendly housing systems, while 0% 
of the indoor pigs were seropositive (Kijlstra et al., 2004). Moreover, a seroprevalence study in 
indoor, organic and free ranging pigs carried out in 2004 in the Netherlands showed an overall 
prevalence of antibodies specific for Toxoplasma of 2.6%. In this study the seroprevalence in 
intensively raised pigs was close to nil (0.38%), whereas in organic pigs was 2.74%, and in free-
range pigs the prevalence was 5.62%. The risk of detecting Toxoplasma antibodies in a free-
range farm is statistically higher (almost 16 times higher) than in an intensive farm (van der 
Giessen, 2007). Pigs reared in organic farms and free-ranging pigs have indeed increased 
opportunities of contact with Toxoplasma compared to animals reared in close confinement, as 
they may be more exposed to contact with soil contaminated with Toxoplasma oocysts or to 
ingestion of infected preys, like rodents harbouring tissue cysts. In addition, farm management 
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practices in organic farms such as feeding goat whey to pigs and allowing contact between 
pigs and cats may influence the prevalence of Toxoplasma infection in the herd (Meerburg et al., 
2006). In fact, increasingly popular animal friendly production systems may cause a re-
emergence of pork meat as an infectious meat source (Kijlstra et al., 2004; Schulzig & 
Fehlhaber, 2006; van der Giessen et al., 2007). 

Any part of infected pork can be a source of infection because the parasite has been found in 
most edible tissues or cuts of meat, both in experimentally and naturally-infected pigs (Kijlstra 
& Jongert, 2008a). However, Dubey et al. (1996) have estimated that less than 1 cyst per 50g of 
tissue is likely to be found in Toxoplasma-infected pigs. Tissue cysts have a high affinity for 
neural and muscular tissues. They are located predominantly in the central nervous system, 
the eye as well as skeletal and cardiac muscles, and to a lesser extent they may also be found in 
visceral organs, such as lungs, liver, and kidneys (Dubey, 1993; Dubey et al., 1998). 

Examinations were conducted on the presence of Toxoplasma cysts in fresh pork sausages, 
produced in factories in Londrina (Parana State, Brazil). After bioassay in mice, 13 (8.7%) 
sausage samples were positive, in one of them Toxoplasma was isolated and in the other 12 
the mice seroconverted (Dias et al., 2005). Lower detection was obtained by Galván-Ramírez 
et al. (2010) who analyzed meat samples of pork meat from butcher shops in Ocotlán 
(Jalisco, Mexico), detecting T. gondii in 1 of the 48 samples analyzed (2.1% positivity). 

Bayarri et al. (in press), carried out a study on the prevalence of viable T. gondii in retail 
fresh pork meat collected in the city of Zaragoza (Northeast Spain). To ensure that samples 
were not from the same animal, sampling was carried out in different weeks and in different 
shops (supermarkets and butchers) distributed in different quarters of the city. More in 
detail, 25 pieces of fresh pork meat were sampled, corresponding to tongue, rib, loin, and 
shoulder loin. A mouse concentration bioassay technique was used, and the presence of the 
parasite in mice was determined by indirect immunofluorescence assay (IFA). T. gondii were 
detected in two samples of rib, reflecting a frequency of 8% positive fresh pork meat. Brains 
of seropositive mice were analyzed by histology and PCR, although the parasite was not 
isolated in the seroconverted mice. No viable forms were detected either in other type of 
fresh meat. 

Aspinall et al. (2002) analyzed 58 pork meat product samples obtained from United 
Kingdom retail outlets, and obtained that 20 were T. gondii positive by PCR detection 
(34.5%). The higher positivity obtained may be because unlike the previously mentioned 
studies, detection of Toxoplasma in this work was purely by PCR, and they only 
demonstrated the presence of T. gondii and not the presence of viable parasites capable of 
initiating a human infection. 

Birds can serve as a potential source of infection for humans. In chickens, T. gondii was 
found in skeletal muscles, heart, brain, ovary, oviduct, kidney, spleen, liver, lung, pancreas, 
gizzard, proventriculus, intestine and retina, and even in eggs (Jacobs & Melton, 1966; 
Kaneto et al., 1997). Several surveys in different non-European countries have shown that 
seropositivities to Toxoplasma in poultry can be moderate to high. Seroprevalence of up to 
65% in free ranging chickens has been reported and the presence of the parasite in meat 
could be shown in 81% of seropositive animals (Da Silva et al., 2003; Lehmann et al., 2006). 
Recently, Bártová et al. (2009) found very low antibody prevalence in gallinaceous birds.  
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Seropositivity to Toxoplasma and isolation of the parasite has been reported in free-range 
chickens reared in Austria (Dubey et al., 2005) and in Portugal (Dubey et al., 2006). Viable T. 
gondii from ovaries, oviducts and leg muscle were isolated by Jacobs & Melton (1966) and 
viable T. gondii was isolated from 27% to 100% of chickens from backyard operations on 
small farms in USA (Dubey et al., 2003, 2004). Tissue cysts of T. gondii were found in breast 
and leg muscles, heart, brain, liver and stomach of experimentally infected domestic ducks 
(Bártová et al., 2004). 

Free ranging chickens, especially in developing countries, may be considered as an 
important source of T. gondii infection in humans. In the Western world, commercially 
produced free ranging chickens intended for meat consumption (broilers) have a limited life 
span and to date no recent data are available concerning T. gondii seroprevalence in these 
chickens, however it can be expected that poultry kept outside has a higher chance of being 
infected with the parasite (Dubey et al., 2004). The recent trend of consumers demanding 
meat from organically grown free-range poultry will increase the prevalence of T. gondii in 
chickens consumed by humans and it will be necessary to cook the meat properly to protect 
consumers from infection. However, chicken meat is mostly well cooked for consumption 
(Dubey & Jones 2008).  

Due to their habit of feeding close to the ground, poultry is considered a good indicator of 
environmental contamination by Toxoplasma oocysts and to identify Toxoplasma strains 
throughout the world (Lehman et al., 2006). 

In a comprehensive study, the prevalence of Toxoplasma was determined in 2,094 meat 
samples of different species from 698 retail meat stores of the United States (Dubey et al., 
2005). None of cats fed chicken samples became positive. There are several reasons why the 
results of this study do not negate the possibility that infected chickens may be important 
sources of infection for humans. In this study, chicken breasts were selected for sampling 
because of the experimental design that required testing of 1 kg of boneless meat for each 
sample, although the authors were aware that the prevalence of T. gondii in chicken breast is 
lower than in other tissues. Further, many of the chicken breasts had been injected with 
enhancing solutions that have a deleterious effect on T. gondii. Finally, some of the samples 
collected might have been frozen or hard chilled, although the labels indicated otherwise. 
Standards of hard chill are vague and T. gondii is highly susceptible to freezing. In contrast 
to the bioassay results, antibodies to T. gondii were found in 1.3% of the juice extracted from 
the breast meat using an ELISA, with values six times higher than in control chicken sera. 
These data suggest that T. gondii does occur in commercially marketed chickens in the USA 
but processing and handling procedures inactivate the organisms prior to sale to consumers. 

Several surveys have also reported the finding of antibodies to Toxoplasma in horses. 
Seropositivities reviewed by Tenter et al. (2000) ranged from <1% to 8% in EU, up to 32% in 
non-EU countries, even in certain regions of the world, up to 90% of the animals were 
shown to be seropositive (Tassi, 2007). Presence of cysts has been shown in edible tissues 
from horses (Alkhalidi & Dubey, 1979). The role of horses as a source of T. gondii infection 
depends on regional preferences for horse meat, the preparation method and the 
seroprevalence of horses used for consumption (Gill, 2005; Tassi, 2007). Raw or 
undercooked horse meat is frequently consumed in countries such as Belgium, Italy, France 
and Japan (Gill, 2005). 
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Cattle are considered a poor host for T. gondii. Although cattle can be successfully infected 
with T. gondii oocysts, the parasite is eliminated or reduced to undetectable levels within a 
few weeks (Dubey, 1983, 1986b), perhaps due to innate resistance. For cattle, resistance to 
Toxoplasma infection and the ability to clear the infection has been suggested (Munday & 
Corbould, 1979). 

Seroprevalence can be high in bovine (up to 92% has been reported) (van Knapen et al., 
1995; Tenter et al., 2000; Sroka, 2001; More et al., 2008; Santos et al., 2009). Recent surveys 
show prevalences of 7.3% in Spain (Panadero et al., 2010) and 12% in Bangladesh 
(Shahiduzzaman et al., 2011). However, despite the high seropositivity reported in some 
studies, this may not correlate with presence of parasites in the meat. Isolation of infective 
tissue cysts from beef is rarely reported (Hellmann & Tauscher, 1967; Canada et al., 2002). 
However, we cannot be sure that beef does not play a role in T. gondii transmission as only 
relatively small amounts of beef have been tested for viable T. gondii parasites (Dubey & 
Jones, 2008). 

The relationship between a seropositive calf or cow and the presence of infective tissue cysts 
needs to be clarified, because although food habits differ between European countries, 
eating raw beef or beef products is common in many regions of Europe. Epidemiological 
studies have shown that the consumption of raw or undercooked beef is considered a risk 
for T. gondii infection in humans (Baril et al., 1999; Cook et al., 2000). Outbreaks have been 
reported following consumption of raw beef, although doubt was raised whether the meat 
was unadulterated (Dubey & Jones, 2008). Drinking unpasteurized cow milk was not 
associated with T. gondii infections (Kapperud et al., 1996). 

Few surveys have been carried out in farmed rabbits, reporting seropositivities between 6% 
and 53% in Europe (Hejlíček & Literák, 1994; Sroka et al., 2003). 

3. Detection methods in meats 
T. gondii cannot be macroscopically detected during current meat inspection of livestock 
either ante- or post-mortem. The hazard can be detected only through laboratory testing. The 
testing methods are based on direct detection of T. gondii in tissues or on the indirect 
detection of specific antibodies in serum. 

It is difficult to find T. gondii tissue cysts in large animal species for several reasons, 
including sampling bias and preferred parasite sites. Dubey et al. (1996) have estimated that 
less than 1 tissue cyst/50 g of tissue is likely to be found in T. gondii-infected pigs. Thus, it is 
possible that when performing any test for tissue cyst detection, false-negatives can result 
from insufficient sample size or improper sample acquisition (Esteban-Redondo et al., 1999). 

The established reference method for the isolation of Toxoplasma from foodstuffs is gavage 
or inoculation into animals. These tests (bioassays) are carried out in laboratory mice or in 
cats. Mice are either inoculated by the intraperitoneal or subcutaneous route or fed with a 
homogenate of tissues and maintained in observation for 6-8 weeks, when they are tested 
for antibodies to Toxoplasma and their brain is examined for the detection of tissue cysts. 
Cats are fed with muscle tissue and their faeces are examined for oocysts 3 days after 
inoculation. The sensitivity of bioassay is good, since it allows the detection of 1 cyst in 100 
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grams of tissue (Dubey et al., 1995). Bioassay in cats is more likely to detect Toxoplasma in 
meat than bioassay in mice, because cats are more susceptible than mice to the infection, and 
more tissue can be fed (Dubey et al., 2005). However, mouse and cat bioassays require use of 
live animals, which are not desirable for screening large numbers of samples from an animal 
ethics point of view, are time-consuming and not suitable for slaughterhouse testing 
(Warnekulasuriya et al., 1998; Opsteegh et al., 2010). 

Therefore, PCR-based methods to detect T. gondii in meat samples have been developed. 
However, although the PCR itself is usually sensitive in detecting T. gondii DNA, when used 
on meat samples, these methods lack sensitivity in comparison to the bioassay (Da Silva & 
Langoni, 2001; Garcia et al., 2006). This lack of sensitivity of PCR-based methods is likely 
due to the inhomogeneous distribution of T. gondii tissue cysts, in combination with the 
small size of the sample. For PCR, DNA is usually isolated from 50 mg of sample at 
maximum, while in the bioassay either up to 500 g of meat is fed to a cat, or digestion extract 
from 50-100 g of meat is inoculated into mice. As a consequence, taking fifty milligrams of 
the homogenate of a large sample, instead of taking a fifty milligram sample randomly, will 
increase the probability of isolating T. gondii DNA. However, it will be present at a low 
concentration in a high background of host DNA, which might lead to inhibition of the PCR 
(Bellete et al., 2003). 

Opsteegh et al. (2010) have developed a method for detection and quantification of T. gondii. 
The method involved preparation of crude DNA extract from hundred gram samples of 
meat, magnetic capture of T. gondii DNA and, quantitative real-time PCR targeting the T. 
gondii 529-bp repeat element. The detection limit of this assay was approximately 230 
tachyzoites per 100 g of meat sample. Results obtained with the PCR method were 
comparable to bioassay results for experimentally infected pigs, and to serological findings 
for sheep. The authors state that the PCR method can be used as an alternative to bioassay 
for detection and genotyping of T. gondii, and to quantify the organism in meat samples of 
various sources. 

In a study on detection of Toxoplasma in ready-to-eat cured meat samples by amplification of 
the parasite’s P30 gene, PCR was able to detect parasite contamination down to a level of 5x103 
trophozoites/g while viable Toxoplasma could be detected in tissue culture at a level of 103 
trophozoites/g cured meat. The high salt content of some cured meats limited sensitivity of 
the PCR assay by inhibition of the polymerase enzyme and reduced the sensitivity of tissue 
culture due to osmotic pressure causing cytopathic effect (Warnekulasuriya et al., 1998). 

The presence of DNA shows that the meat originates from a Toxoplasma-infected animal but 
does not necessarily mean that the product contains infectious organisms (Aspinall et al., 
2002). To address this problem, Zintl et al. (2009) have developed a robust method for the 
assessment of Toxoplasma tissue cyst viability that combines an in vitro culture approach 
with quantitative PCR. 

Hill et al. (2006) compared the efficacy of serum serology, tissue extract serology, real 
time PCR, nested PCR, and direct PCR for the detection of T. gondii in pork using 
samples from 25 naturally infected pigs from a farm, 10 experimentally infected pigs, 
and 34 retail meat samples, and then ranked detection methods in the following 
descending order of sensitivity: serum ELISA (test sensitivity 100%), serum MAT 
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(80.6%), tissue fluid ELISA (76.9%), real time PCR (20.5%), semi-nested PCR (12.8%), 
and direct PCR (0%). Neither ELISA nor MAT reliably detected antibodies in frozen and 
thawed muscle samples (Hill et al., 2006). Garcia et al. (2006) compared PCR, bioassay, 
and histopathology in 10 pigs fed T. gondii oocysts and killed 60 days later; T. gondii 
was detected in 55.1% of 98 muscle samples by bioassay in mice, in 16.6% of 150 muscle 
samples by PCR and in 0 samples by histopathology. Tsutsui et al. (2007) compared 
distribution of T. gondii in commercial cuts of pork by bioassay and PCR in 10 pigs 59 
days after feeding them oocysts; T. gondii was found in 67.5% by bioassays in mice and 
22.5% of samples by PCR. 

The European Food Safety Authority (EFSA) states that the analytical methods to be used to 
detect and identify Toxoplasma in food and animals need to be characterised in terms of 
sensitivity, specificity and other performance parameters associated with the reliability and 
consistency of such methodologies. In order for such characteristics to be attained, there is 
an absolute requirement for reference materials and reagents (EFSA, 2007).  

4. Influence of processing of meat products on the viability of Toxoplasma 
gondii 
Approaches to meat safety assurance in respect to tissue cysts of T. gondii have to be 
considered, particularly for high risk populations. They are primarily based on meat 
treatments with aim to inactivate the cysts. Studies have indicated that T. gondii tissue cysts 
in meat are susceptible to various physical procedures (thermal and non-thermal) such as 
heat treatment, freezing, irradiation, high-pressure, among others. All these technologies try 
to be mild, guarantee natural appearance, energy saving and environmentally friendly 
while knocking the parasites (Aymerich et al., 2008). Their combination, as in the hurdle 
theory proposed by Leistner (2000) may improve their effectiveness.  

It seems that currently, the most reliable cyst inactivation treatments are based on 
application of either adequate meat heating or meat freezing treatments, and some 
temperature-time regimes of these treatments have been assayed. According to the opinion 
adopted in 2007 by the Scientific Panel on Biological Hazards of the EFSA, to prevent 
foodborne transmission of Toxoplasma to humans, meat and other edible parts of animals 
should not be consumed raw or undercooked, i.e. they should be cooked thoroughly (at 
67°C or higher) before consumption. Although freezing alone is not a reliable means of 
rendering all tissue cysts non-infective, deep-freezing meat (-12°C or lower) before cooking 
can reduce the risk of infection. In addition, meat should not be tasted during preparation or 
cooking (Paul, 1998; Cook et al., 2000). 

It is also essential that preventive measures to reduce the risk of horizontal transmission 
of Toxoplasma to humans via tissue cysts include a high standard of kitchen hygiene. Thus, 
in a case-control study in Norway, washing kitchen knives infrequently after preparation 
of raw meat was independently associated with an increased risk of primary infection 
during pregnancy (Kapperud et al., 1996). Both tissue cysts and tachyzoites are killed by 
detergents and, thus, hands and all kitchen utensils used for the preparation of uncooked 
meat or other food from animals should be cleaned thoroughly with hot water and soap 
(Dubey, 2000). 
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The first experiments describing the inactivation of tissue cysts of T. gondii examined the 
effects of storage conditions on parasite survival and showed that parasite tissue cysts could 
be lysed in distilled water (Jacobs et al., 1960), but survived for several weeks in the 
presence of physiological saline (0.85%) and storage at 4 ºC (Jacobs et al., 1960; Dubey et al., 
1990). Raising the salt concentration or the temperature led to inactivation of the parasite 
(Kijlstra & Jongert, 2008a). 

4.1 Thermal technologies 

4.1.1 Heating and microwave cooking 

The primary control factor for prevention of T. gondii infection via meat consumption is 
adequate cooking and prevention of cross-contamination (McCurdy et al., 2006). Limited 
data are available concerning consumer cooking habits and it is certainly possible that 
parts of meat being grilled or barbecued do not reach sufficiently high-temperatures to 
kill the parasite. 

Jacobs et al. (1960) were the first to show that heating could inactivate tissue cysts: at 50 ºC it 
takes 1 h to inactivate tissue cysts. Studies on killing of tissue cysts in meat by cooking (49-
67°C for 0.01-96 min) were conducted by Dubey (2000) and found that T. gondii was 
rendered nonviable when internal temperatures had reached at least 67 °C. 

Survival of tissue cysts at lower temperatures depends on the duration of cooking. For 
example, under laboratory conditions tissue cysts remained viable at 60 °C for about 4 min 
and at 50 °C for about 10 min (Dubey et al., 1990). It is important to note that cooking for a 
prolonged period of time may be necessary under household conditions to achieve the 
temperatures that are required to kill all tissue cysts of Toxoplasma in all parts of the meat. 
For this reason, cooking infected meat in a microwave does not guarantee killing some 
tissue cyst, which can remain infective, most probably due to uneven heating (Lundén & 
Uggla, 1992). 

4.1.2 Freezing 

Freezing of meat by consumers is widely applied in westernized countries. The loss of 
sensory quality may be an important factor in consumers’ attitudes towards freezing of 
meat. However, it is very valuable for food safety as, in general, freezing can inactivate the 
T. gondii tissue cysts, although proper timing and temperature are necessary for a 100% 
parasite killing efficiency.  

The effect of freezing on T. gondii cyst viability was first described in 1965 (Sommer et al., 
1965). It was observed that freezing for 2 days at -20 ºC was sufficient to inactivate the 
parasite. 

Experiments with meat from pigs that were fed with T. gondii-infected mice, showed that all 
meat samples were rendered non-infectious by freezing 6–35 days at -25 ºC (Grossklaus & 
Baumgarten, 1968). 

Freezing meat for 1 day in a household freezer rendered tissue cysts nonviable (Dubey, 
1988). Kotula et al. (1991) carried out experiments using different freezing temperatures 
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distribution of T. gondii in commercial cuts of pork by bioassay and PCR in 10 pigs 59 
days after feeding them oocysts; T. gondii was found in 67.5% by bioassays in mice and 
22.5% of samples by PCR. 

The European Food Safety Authority (EFSA) states that the analytical methods to be used to 
detect and identify Toxoplasma in food and animals need to be characterised in terms of 
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It is also essential that preventive measures to reduce the risk of horizontal transmission 
of Toxoplasma to humans via tissue cysts include a high standard of kitchen hygiene. Thus, 
in a case-control study in Norway, washing kitchen knives infrequently after preparation 
of raw meat was independently associated with an increased risk of primary infection 
during pregnancy (Kapperud et al., 1996). Both tissue cysts and tachyzoites are killed by 
detergents and, thus, hands and all kitchen utensils used for the preparation of uncooked 
meat or other food from animals should be cleaned thoroughly with hot water and soap 
(Dubey, 2000). 
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(from -1 ºC to -171 ºC for 1 second to 67 days) and found that an internal temperature of -12 
ºC was sufficient to render the parasite non-viable. In addition, Toxoplasma gondii tissue cysts 
remained viable up to 22 days at -1 and -3.9 ºC and 11 days at -6.7 ºC. 

Kuticic and Wikerhauser (1996) reported that parasites in meat from experimentally infected 
pigs did not survive when frozen for 4 days at -7 ºC to -12 ºC. Other studies showed that at 
least 3 days at -20 ºC were required to inactivate isolated tissue cysts (Djurkovic-Djakovic & 
Milenkovic, 2000). 

4.2 Non-thermal technologies 

4.2.1 Gamma irradiation 

Several studies have demonstrated that Toxoplasma gondii was rendered nonviable by 
irradiation at doses of 0.4-1kGy (Song et al., 1993; Dubey & Thayer, 1994; Kuticic & 
Wikerhauser, 1996; Dubey, 2000), and the strain of T. gondii did not affect the killing of tissue 
cysts by irradiation under defined conditions (Dubey & Thayer, 1994). 

However, the adverse effects of irradiation on colour have a major impact on the use of this 
technology and in certain countries large-scale implementation is restricted due to poor 
consumer acceptance (Brewer, 2004; Aymerich et al., 2008), in addition, irradiation of meat 
has not been approved in the EU. 

4.2.2 High Hydrostatic Pressure (HHP) 

Studies on the effectiveness of HHP in eliminating foodborne parasites show the sensitivity 
of parasites and their destruction is achieved with relatively low pressures. 

High-pressure treatment using 300 MPa or higher can inactivate T. gondii tissue cysts under 
laboratory conditions (Lindsay et al., 2006) but negative effects on meat colour and texture 
have to be addressed before this method can be developed for routine decontamination 
(Cheftel & Culioli, 1997). 

4.2.3 Curing 

Curing treatments are used to preserve meat by the addition of a combination of salt, 
nitrates, nitrite or sugar. Many curing processes also involve smoking. Some researchers 
have suggested that tissue cysts are killed during commercial curing procedures with salt, 
but relatively few studies have been conducted to examine the efficiency of the curing 
process for the inactivation of T. gondii. One of the first experiments describing the 
inactivation of T. gondii tissue cysts was conducted by Sommer et al. in 1965. These authors 
found that encysted T. gondii survived for 4 days in 8% NaCl, but neither these researchers 
nor Work (1968) could find viable parasites in T. gondii-infected pork meat subjected to 
various curing processes. 

Lundén & Uggla (1992) reported the absence of viable Toxoplasma in mutton meat after 
curing and smoking. Curing of lamb meat with salt and sugar for 64 h at 4ºC or smoking 
salt-injected meat at temperatures not exceeding 50ºC for 24 to 28 h was effective for killing 
T. gondii. However, these experiments do not reflect conditions under which commercial 
cured pork products are produced. 
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The survival time of tissue cysts is highly dependent on the concentration of the salt solution 
and the temperature of storage. Isolated tissue cysts can survive for 56 days in a solution of 
0.85% salt, 49 days in 2% salt, and 21 days in 3.3% salt (Dubey, 1997). Under laboratory 
conditions, Dubey (1997) found that tissue cysts were killed in 6% NaCl solution at all 
temperatures examined (4 to 20ºC) but survived for several weeks in aqueous solutions with 
lower salt concentrations. More recent data have indicated that injection of 2% NaCl and/or 
1.4% lactate salt solutions into experimentally infected pig meat could kill the parasite. 
However, 1% NaCl solution provided variable results, and the addition of tripolyphosphate 
salts had no effect on parasite viability (Hill et al., 2004, 2006). Navarro et al. (1992), studying 
sausages manufactured from pigs experimentally inoculated with T. gondii, concluded that 
salt in concentration equal to 2.0% and 2.5% inactivated the parasite in 48 hours of the 
beginning of the curing process. 

In order to evaluate the importance of swine sausages in toxoplasmosis epidemiology, 
Mendonça et al. (2004) investigated the presence of T. gondii in 70 samples of the meat 
product. Samples were analyzed by bioassay in mice and DNA amplification by PCR. 
Although the parasite was not isolated from any sample in the bioassay, 33 (47.14%) 
samples were positive in the PCR. The authors concluded that these swine sausages 
probably had low importance as a source of infection for human toxoplasmosis. 
Nevertheless, the great number of PCR positive samples showed that the protozoan may be 
present, but may be inactivated by salt added in sausage manufacture. 

In contrast, other studies have indicated the potential failure of curing to inactivate T. gondii 
(Warnekulasuriya et al., 1998), and in epidemiological studies of risk factors for recent 
Toxoplasma infection in pregnant women, a strong association was found between infection 
and eating cured pork or raw meat (Buffolano et al., 1996; Cook et al., 2000; Kapperud et al., 
1996). In addition, curing of meat products often involves the mixing of meat from various 
animals from different farms and sometimes from different farming systems (organic and 
regular), and thus a few infected animals may lead to the contamination of a whole batch of 
cured meat products. Warnekulasuriya et al. (1998) investigated the presence of T. gondii in 
cured meat samples by PCR, and using tissue culture in order to isolate viable parasites. The 
high salt content of some cured meats limited the sensitivity of PCR assay and reduced the 
sensitivity of tissue culture due to osmotic pressure causing cytopathic effect, but viable T. 
gondii was detected in one out of 67 ready-to-eat cured meat samples (1.5% contamination). 
However, these authors did not provide information about the time of curing and final salt 
concentrations, which could affect the viability of the parasite. 

From all different meat products made with pork meat, dry-cured ham stands out among 
them as a high-quality product of increasing economic relevance. It is a nonsmoked product 
manufactured by curing with salt and nitrites and stabilized through decreasing water 
activity. It is greatly appreciated by consumers because of its flavor and texture and for its 
nutritional properties. The whole process takes several months (from 6 to 36 months) and it 
is consumed without heat treatment. In the market, it is possible to find several 
presentations of dry-cured ham. Consumers can buy unpackaged entire or sliced ham (sold 
on request), and we also can find refrigerated vacuum-packaged dry-cured hams cuts which 
may be either distributed to specialized butchery, or directly sold in supermarket displays. 
Due to the lack of information regarding the efficacy of meat curing for inactivating T. gondii 
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and the inconsistency of results of epidemiological studies in which ingestion of cured meat 
was identified as a risk factor for acquiring acute Toxoplasma infection during pregnancy, 
Bayarri et al. (2010, in press) carried out some studies with the aim to provide data that 
could be used to estimate the risk of T. gondii infection from eating cured ham. 

In a first study, the influence of processing of cured ham on the viability of T. gondii was 
evaluated using bioassay to assess the risk of infection from eating this meat product 
(Bayarri et al., 2010). Naturally infected pigs were selected for the study, and a mouse 
concentration bioassay technique was used to demonstrate viable bradyzoites of T. gondii in 
porcine tissues and hams. The selected pigs were slaughtered in a commercial abattoir. Both 
haunches were obtained for subsequent curing as is normal industry practice. At day 0 
(before the curing process began), samples were obtained from the external surface of six 
haunches (one from each pig) to avoid quality loss of the final product. After 7 months of 
curing, the whole ham was analyzed for viable forms of Toxoplasma. The six remaining hams 
continued the curing process until 14 months, when samples were collected. They isolated 
viable parasites from hams after 7 months of curing, while no viable parasites were found in 
the final product (14 months of curing) based on results of IFA, histological, and PCR 
analyses. These authors evidenced that curing time is a major factor to ensure that the 
consumption of this meat product does not pose a risk of contracting toxoplasmosis. 

However, both salt composition of the hams and curing time can vary according to the 
manufacturer or producer countries, and we can find in the market hams with different 
composition and curing times. Bayarri et al. (in press), carried out an investigation about the 
prevalence of viable T. gondii in commercially available cured ham. Twenty five samples of 
cured ham were randomly collected for analysis, corresponding to paleta and ham, white 
and Iberian, package sliced of different trade-mark and cut on request. The authors noted 
that not always information on the length of curing process was provided in the label. A 
mouse concentration bioassay technique was used, and the presence of the parasite in mice 
was determined by IFA. T. gondii was not detected in any of the samples of cured ham 
studied. Results reported in this paper are optimistic concerning food safety. However, in 
order to achieve a complete risk assessment on the viability of T. gondii, it is necessary to 
analyse a much larger number of samples, particularly those from organic farms, as well as 
cured ham considering different curing times and salt composition. 
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concentration bioassay technique was used to demonstrate viable bradyzoites of T. gondii in 
porcine tissues and hams. The selected pigs were slaughtered in a commercial abattoir. Both 
haunches were obtained for subsequent curing as is normal industry practice. At day 0 
(before the curing process began), samples were obtained from the external surface of six 
haunches (one from each pig) to avoid quality loss of the final product. After 7 months of 
curing, the whole ham was analyzed for viable forms of Toxoplasma. The six remaining hams 
continued the curing process until 14 months, when samples were collected. They isolated 
viable parasites from hams after 7 months of curing, while no viable parasites were found in 
the final product (14 months of curing) based on results of IFA, histological, and PCR 
analyses. These authors evidenced that curing time is a major factor to ensure that the 
consumption of this meat product does not pose a risk of contracting toxoplasmosis. 

However, both salt composition of the hams and curing time can vary according to the 
manufacturer or producer countries, and we can find in the market hams with different 
composition and curing times. Bayarri et al. (in press), carried out an investigation about the 
prevalence of viable T. gondii in commercially available cured ham. Twenty five samples of 
cured ham were randomly collected for analysis, corresponding to paleta and ham, white 
and Iberian, package sliced of different trade-mark and cut on request. The authors noted 
that not always information on the length of curing process was provided in the label. A 
mouse concentration bioassay technique was used, and the presence of the parasite in mice 
was determined by IFA. T. gondii was not detected in any of the samples of cured ham 
studied. Results reported in this paper are optimistic concerning food safety. However, in 
order to achieve a complete risk assessment on the viability of T. gondii, it is necessary to 
analyse a much larger number of samples, particularly those from organic farms, as well as 
cured ham considering different curing times and salt composition. 
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1. Introduction 
Toxoplasma gondii is an obligate intracellular protozoan that infects one-third of the world 
population. Asymptomatic in immunocompetent hosts, toxoplasmosis has severe 
consequences in immunosuppressed individuals and can even lead to death.1,2 Congenital 
toxoplasmosis causes development of sequelae later in life, including chorioretinitis, hearing 
loss or mental retardation.3 Toxoplasma gondii is also recognized as being a major cause of 
abortion in farm animals, such as sheep and goats thus causing substantial reproductive and 
economic losses.4 Additionally, these infected animals are a parasitic reservoir involved in 
human contamination. Recently it has been reported that Toxoplasma gondii has some degree 
of causal relation to Schizophrenia5 because of the positive relationships between the 
prevalence of Toxoplasma antibodies and the development of schizophrenia. A recent article 
reports that Toxoplasma infection in rodents blocks the aversion toward predator odors and 
develop an attraction suggesting an integrating effect of the parasite.6 This study provides 
an example of the behavioral effects of Toxoplasma in models of psychiatric and emotional 
conditions.  

Once human beings or animals have been infected, no drug treatment available at present 
will eliminate the parasite. Nor is there any vaccine for human use to control the disease.  

Primary infection with T. gondii results in the setting of both humoral and cell-mediated 
immune responses and confers long-term protection. This suggests that the development of 
an efficient vaccine is a realistic goal. Moreover because of the enormous estimated costs 
and social impact of T. gondii infection and the fact that primary infection with this parasite 
could give the host a protective immunity against re-infection, many studies have 
investigated possible solutions for an efficient vaccine.7,8 However the immune response set 
following a T. gondii infection firstly needs to be clearly defined before a vaccine can be 
developed.  

Host resistance seems to occur via synthesis of IFN- by NK cells and adaptive T 
lymphocytes.9 Following infection, antigen-presenting cells synthesize TNF- and IL-12 
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lymphocytes.9 Following infection, antigen-presenting cells synthesize TNF- and IL-12 
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which induce NK cells to secrete IFN-. The combined action of IL-12 and IFN- induce a 
strong differentiation of T helper precursors into Th1 lymphocytes. These CD4+ T cells then 
synthesize large amounts of IFN- and IL-2. These two cytokines finally induce CD8+ T 
lymphocytes proliferation and IFN- secretion.10 Thus protection against T. gondii infection 
is mainly attributed to cell-mediated immunity.  

Previous studies have shown that both CD4+ and CD8+ T-cell subtypes are involved in the 
protection and the relative contribution of these two populations was investigated by 
adoptive transfer or in vivo depletion.10 The transfer of T cells from infected or immunized 
mice to naïve mice provided protection against a lethal challenge of T. gondii, but this 
protection was abolished by depletion of CD8+ T cells prior to transfer but not by depletion 
of CD4+ T cells11,12. Similarly, transfer of CD8+ T cells from chronically infected mice to 
naïve WT or nude mice was also able to provide protection from T. gondii challenge11. 
However, in response to T. gondii, the lack of CD8+ T cells could be compensate by a potent 
NK cell response, though β2-m-deficient mice remained more susceptible than WT mice.13 

All these data suggest a prominent role of CD8+ cells with a supporting role for CD4+ cells 
during the acute phase as well as during the chronic phase of infection. 

CD8+ T lymphocytes mediated protection by IFN-γ which has been demonstrated to be 
crucial by studies using neutralizing antibody to IFN-γ or mice deficient in its production 14, 

15, 16. Evidence that production of this cytokine and subsequent protection against 
toxoplasmosis is dependent on CD8+ T cells was demonstrated by showing that treatment of 
infected mice with anti-CD8 antibodies resulted in reduced production of IFN-γ and loss of 
IFN-γ-mediated protection. 17, 18 CD8+ T cells can also mediate perforin-dependent 
cytotoxicity against target cells that present the correct peptide in the context of MHC on 
their cell surface. Several studies have shown that CD8+ T cells isolated from immunized or 
infected mice lysed infected cells or targets pulsed with Toxoplasma antigens19,20, 21,22. All 
these data suggest a prominent role of CD8+ cells during the acute phase as well as during 
the chronic phase of infection.  

If IFN- is the major cytokine of resistance to T. gondii, IL-12 is a crucial initiation cytokine to 
trigger an efficient cell-mediated immunity. Indeed, IL-12 is a major cytokine secreted in 
response to T. gondii by neutrophils23, macrophages24, plasmacytoid dendritic cells (pDCs) 25, 
conventional dendritic cells (cDCs) 26 and the subset of cDCs expressing CD827. Recently 
Mashayekhi et al have demonstrated the critical role of CD8+ DCs for activation of innate 
immunity through IL-12 production during T. gondii infection and have shown that CD8+ 
DCs are the only cells whose IL-12 production is required to control acute infection28.  

IL-12 is produced in response to Toll-like receptor (TLR) recognition of molecular structures 
broadly conserved across microbial species29 that triggers the early IFN- secretion following 
T. gondii infection. IFN- activates various cell-intrinsic antiparasitic defense defense 
pathway within infected cells for intracellular elimination of Toxoplasma, including the 
activation of interferon-regulated GTPases (IRGs)30,31, induction of reactive nitrogen 
intermediates32, tryptophan degradation in human cells33, and autophagy34,35. 

So DCs are the first producers of IL-12 in response to T. gondii antigens and several previous 
studies suggest that DCs play an important role in the setting of the immune response to the 
intracellular parasite T. gondii during the early and chronic phases of infection.  
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The central role of DCs in controlling immunity makes these cells ideal tools for priming 
functional immune responses. Many studies have proposed the use of DCs as vaccine 
vectors. For instance, T. gondii extract-pulsed splenic DCs administered in vivo induce a 
strong humoral and cellular immune response and promote protection against a virulent 
challenge.36, 37 It has been also observed that Toxoplasma pulsed DCs induced protective 
immunity against T. gondii infection in both syngeneic and allogeneic mouse models. This 
protection was associated with the induction of humoral and cellular Toxoplasma-specific 
responses38. However, expensive treatments of this type, based on living cells, could be 
envisaged only for severe diseases, such as cancers, which are specific to the individual due 
to MHC restriction. For ethical reasons, it is not possible to use live cell lines in an 
immunisation protocol in humans. New approaches, involving the development of non-live 
and DNA-free vaccines, must therefore be pursued. Moreover, the use of DCs is limited by 
the difficulty of obtaining large numbers of cells suitable for vaccination purposes.  

If DCs can effectively process T. gondii antigens for presentation in vivo, their use in a 
vaccine strategy is not acceptable. It is of interest to study the effector mechanisms induced 
by T. gondii-sensitized dendritic cells as a well-described protective immune response would 
help the development of new efficient vaccine strategies.  

So the relative contribution of two main lymphocytic populations, CD4+ and CD8+, was 
investigated in a model of chronically infected mice, following dendritic cell vaccination and 
lymphocyte depletion.  

We first determined the role of CD4+ T lymphocytes after an efficient depletion of over 90%. 
The results revealed a minor role for these cells since CD4-depleted or non depleted mice 
have similar cytokine secretion profiles in spleen as well as in MLNs. Moreover, depleted 
mice did not show any significant loss of protection in terms of brain cyst load. These results 
contrast with those obtained by Casciotti in 2002.10 They demonstrated that CD4+ T cells are 
important for early IFN- production during T. gondii infection and that lack of CD4+ 
lymphocytes leads to parasite multiplication in the tissues. Moreover CD4 deficient mice 
exhibited parasite burdens in the brain. Johnson and Sayles also showed the implication of 
CD4+ cells as they induce CD8+ T cells through the production of IL-2 and maintain CD8+ 
T cells effector immunity.39 CD4+ T lymphocytes also contributed significantly to protection 
against chronic infection via their role as helper cells for production of isotype-switched 
antibodies. The contradictory results obtained following infection alone or following 
vaccination plus infection could result from a particular orientation of the immune response. 
Indeed, in our protocol dendritic cells could directly prime CD8+ T lymphocytes via cross-
presentation of T. gondii antigens, as previously demonstrated by Gubbels et al.40 

So CD4+ T lymphocytes appeared to be not implicated either in spleen or mesenteric lymph 
node cytokine secretion or in long-term protection of mice.  

We next studied the implication of CD8+ T lymphocytes after an efficient depletion of over 
90%. In spleens CD8+ cells seem to be responsible for cytokine synthesis. Indeed, their 
depletion leads to a significant decrease of both Th1 (IFN- and IL-2) and Th2 (IL-10 and IL-
4) cytokines. We further confirmed these data by identifying the CD8+ T cells as the IFN--
producing cells. These results are in accordance with another vaccination assay where 
Gazzinelli et al. got similar results. They vaccinated BALB/c mice with the mutant T. gondii 
strain TS-4 before depleting them of CD4+ or CD8+ lymphocytes and challenging them with 
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conventional dendritic cells (cDCs) 26 and the subset of cDCs expressing CD827. Recently 
Mashayekhi et al have demonstrated the critical role of CD8+ DCs for activation of innate 
immunity through IL-12 production during T. gondii infection and have shown that CD8+ 
DCs are the only cells whose IL-12 production is required to control acute infection28.  

IL-12 is produced in response to Toll-like receptor (TLR) recognition of molecular structures 
broadly conserved across microbial species29 that triggers the early IFN- secretion following 
T. gondii infection. IFN- activates various cell-intrinsic antiparasitic defense defense 
pathway within infected cells for intracellular elimination of Toxoplasma, including the 
activation of interferon-regulated GTPases (IRGs)30,31, induction of reactive nitrogen 
intermediates32, tryptophan degradation in human cells33, and autophagy34,35. 

So DCs are the first producers of IL-12 in response to T. gondii antigens and several previous 
studies suggest that DCs play an important role in the setting of the immune response to the 
intracellular parasite T. gondii during the early and chronic phases of infection.  
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The central role of DCs in controlling immunity makes these cells ideal tools for priming 
functional immune responses. Many studies have proposed the use of DCs as vaccine 
vectors. For instance, T. gondii extract-pulsed splenic DCs administered in vivo induce a 
strong humoral and cellular immune response and promote protection against a virulent 
challenge.36, 37 It has been also observed that Toxoplasma pulsed DCs induced protective 
immunity against T. gondii infection in both syngeneic and allogeneic mouse models. This 
protection was associated with the induction of humoral and cellular Toxoplasma-specific 
responses38. However, expensive treatments of this type, based on living cells, could be 
envisaged only for severe diseases, such as cancers, which are specific to the individual due 
to MHC restriction. For ethical reasons, it is not possible to use live cell lines in an 
immunisation protocol in humans. New approaches, involving the development of non-live 
and DNA-free vaccines, must therefore be pursued. Moreover, the use of DCs is limited by 
the difficulty of obtaining large numbers of cells suitable for vaccination purposes.  

If DCs can effectively process T. gondii antigens for presentation in vivo, their use in a 
vaccine strategy is not acceptable. It is of interest to study the effector mechanisms induced 
by T. gondii-sensitized dendritic cells as a well-described protective immune response would 
help the development of new efficient vaccine strategies.  

So the relative contribution of two main lymphocytic populations, CD4+ and CD8+, was 
investigated in a model of chronically infected mice, following dendritic cell vaccination and 
lymphocyte depletion.  

We first determined the role of CD4+ T lymphocytes after an efficient depletion of over 90%. 
The results revealed a minor role for these cells since CD4-depleted or non depleted mice 
have similar cytokine secretion profiles in spleen as well as in MLNs. Moreover, depleted 
mice did not show any significant loss of protection in terms of brain cyst load. These results 
contrast with those obtained by Casciotti in 2002.10 They demonstrated that CD4+ T cells are 
important for early IFN- production during T. gondii infection and that lack of CD4+ 
lymphocytes leads to parasite multiplication in the tissues. Moreover CD4 deficient mice 
exhibited parasite burdens in the brain. Johnson and Sayles also showed the implication of 
CD4+ cells as they induce CD8+ T cells through the production of IL-2 and maintain CD8+ 
T cells effector immunity.39 CD4+ T lymphocytes also contributed significantly to protection 
against chronic infection via their role as helper cells for production of isotype-switched 
antibodies. The contradictory results obtained following infection alone or following 
vaccination plus infection could result from a particular orientation of the immune response. 
Indeed, in our protocol dendritic cells could directly prime CD8+ T lymphocytes via cross-
presentation of T. gondii antigens, as previously demonstrated by Gubbels et al.40 

So CD4+ T lymphocytes appeared to be not implicated either in spleen or mesenteric lymph 
node cytokine secretion or in long-term protection of mice.  

We next studied the implication of CD8+ T lymphocytes after an efficient depletion of over 
90%. In spleens CD8+ cells seem to be responsible for cytokine synthesis. Indeed, their 
depletion leads to a significant decrease of both Th1 (IFN- and IL-2) and Th2 (IL-10 and IL-
4) cytokines. We further confirmed these data by identifying the CD8+ T cells as the IFN--
producing cells. These results are in accordance with another vaccination assay where 
Gazzinelli et al. got similar results. They vaccinated BALB/c mice with the mutant T. gondii 
strain TS-4 before depleting them of CD4+ or CD8+ lymphocytes and challenging them with 
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a lethal dose of tachyzoites. They identified IFN--producing CD8+ T cells as the major 
effectors of immunity in vivo.41 Moreover, in our experiment, CD8+ cells depletion induced a 
loss of protection in mice previously immunized with pulsed dendritic cells, so CD8+ cells 
are crucial for CBA/J mice resistance to T. gondii infection. CD8+ cells also appear to play a 
major role in Trypanosoma cruzi infection. Mice lacking CD8+ T-cell function fail to control a 
normally non-lethal infection and die early in the acute phase. Moreover, depletion of CD8+ 
T cells in the chronic phase results in increased parasite load.42 

In contrast to spleens, MLNs showed increased secretions of cytokines following CD8+ 
depletion suggesting that CD8+ T lymphocytes could act as regulatory cells. A recent review 
summarizes the current knowledge on CD8+ Tregs, a newly described CD8+ lymphocyte 
subtype with dedicated suppressor function.43 Although not proven in parasitic infections, 
their importance in autoimmunity is well-documented and they could be responsible for the 
moderation of the immune response set in local lymph nodes. It would be of importance to 
determine which cell population is responsible for the MLN IFN- secretion. It has been 
demonstrated that splenic NK cells could produce this cytokine in response to T. gondii in 
MHC-I deficient mice thus unable to activate CD8+ T cells.44 

So CD8+ T lymphocytes appeared as the main effectors, inducing a strong Th1 response in 
spleen while inhibiting both Th1 and Th2 responses in mesenteric lymph nodes.  

This is the first study to point to CD8+ lymphocytes as the unique effector population 
responsible for the protection of mice following efficient DC vaccination and subsequent 
virulent challenge. This is partly in accordance with a previous description of CD8+ T cells 
as effector lymphocytes while CD4+ T cells were crucial for the regulation of the immune 
response in a very different vaccination assay.17 

We provide further insight into the long-term immunity that protects mice against T. gondii, 
a ubiquitous parasite resulting in severe sequelae in immunocompromised individuals. 
Future studies will be needed to determine how T. gondii antigens are presented to CD8+ 
lymphocytes. A recent study showed encouraging results. Indeed, the authors demonstrated 
that CD8+ DCs were very efficient in processing and cross-presenting exogenous antigen to 
CD8+ T cells. They also highlighted CD24 as an essential co-stimulatory molecule required 
for CD8+ DCs to generate CD8+ and CD4+ T-cell responses.45 The possible roles of various 
CD4+ lymphocyte subtypes and other immune cell populations during the chronic phase of 
the disease also need to be elucidated, with a view to developing an effective vaccine to be 
used in animals that serve as a natural reservoir for human contamination. 

Finally, the next step to efficiently develop a vaccine strategy will be to identify which 
parasitic peptides are cross-presentated by DCs to CD8+ T cells to initiate the specific 
protective response to T. gondii. Blanchard et al. recently found that a decapeptide from the 
dense granule protein GRA6 could effectively induce such protection against T. gondii, as 
assessed by survival of mice.46 However, their study was conducted using bone marrow-
derived DCs. It could be of interest to target in vivo splenic CD8+ DCs, known to protect our 
mice, with such putative protective parasitic peptides. 

Fully dissecting the cellular and molecular events leading to this protective response will 
allow for better design of vaccine strategies to enhance immunity and decrease morbidity 
and mortality associated with Toxoplasma infection. 

Major Role for CD8+T Cells 
in the Protection Against Toxoplasma gondii Following Dendritic Cell Vaccination 259 

Thus, transfer of Toxoplasma antigens to lymphoid resident DCs is a feature of DC 
vaccination that can be exploited to improve vaccine outcome. 
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a lethal dose of tachyzoites. They identified IFN--producing CD8+ T cells as the major 
effectors of immunity in vivo.41 Moreover, in our experiment, CD8+ cells depletion induced a 
loss of protection in mice previously immunized with pulsed dendritic cells, so CD8+ cells 
are crucial for CBA/J mice resistance to T. gondii infection. CD8+ cells also appear to play a 
major role in Trypanosoma cruzi infection. Mice lacking CD8+ T-cell function fail to control a 
normally non-lethal infection and die early in the acute phase. Moreover, depletion of CD8+ 
T cells in the chronic phase results in increased parasite load.42 

In contrast to spleens, MLNs showed increased secretions of cytokines following CD8+ 
depletion suggesting that CD8+ T lymphocytes could act as regulatory cells. A recent review 
summarizes the current knowledge on CD8+ Tregs, a newly described CD8+ lymphocyte 
subtype with dedicated suppressor function.43 Although not proven in parasitic infections, 
their importance in autoimmunity is well-documented and they could be responsible for the 
moderation of the immune response set in local lymph nodes. It would be of importance to 
determine which cell population is responsible for the MLN IFN- secretion. It has been 
demonstrated that splenic NK cells could produce this cytokine in response to T. gondii in 
MHC-I deficient mice thus unable to activate CD8+ T cells.44 

So CD8+ T lymphocytes appeared as the main effectors, inducing a strong Th1 response in 
spleen while inhibiting both Th1 and Th2 responses in mesenteric lymph nodes.  

This is the first study to point to CD8+ lymphocytes as the unique effector population 
responsible for the protection of mice following efficient DC vaccination and subsequent 
virulent challenge. This is partly in accordance with a previous description of CD8+ T cells 
as effector lymphocytes while CD4+ T cells were crucial for the regulation of the immune 
response in a very different vaccination assay.17 

We provide further insight into the long-term immunity that protects mice against T. gondii, 
a ubiquitous parasite resulting in severe sequelae in immunocompromised individuals. 
Future studies will be needed to determine how T. gondii antigens are presented to CD8+ 
lymphocytes. A recent study showed encouraging results. Indeed, the authors demonstrated 
that CD8+ DCs were very efficient in processing and cross-presenting exogenous antigen to 
CD8+ T cells. They also highlighted CD24 as an essential co-stimulatory molecule required 
for CD8+ DCs to generate CD8+ and CD4+ T-cell responses.45 The possible roles of various 
CD4+ lymphocyte subtypes and other immune cell populations during the chronic phase of 
the disease also need to be elucidated, with a view to developing an effective vaccine to be 
used in animals that serve as a natural reservoir for human contamination. 

Finally, the next step to efficiently develop a vaccine strategy will be to identify which 
parasitic peptides are cross-presentated by DCs to CD8+ T cells to initiate the specific 
protective response to T. gondii. Blanchard et al. recently found that a decapeptide from the 
dense granule protein GRA6 could effectively induce such protection against T. gondii, as 
assessed by survival of mice.46 However, their study was conducted using bone marrow-
derived DCs. It could be of interest to target in vivo splenic CD8+ DCs, known to protect our 
mice, with such putative protective parasitic peptides. 

Fully dissecting the cellular and molecular events leading to this protective response will 
allow for better design of vaccine strategies to enhance immunity and decrease morbidity 
and mortality associated with Toxoplasma infection. 
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Thus, transfer of Toxoplasma antigens to lymphoid resident DCs is a feature of DC 
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1. Introduction  
Visceral Leishmaniasis (VL) is an important Zoonosis, caused by Leishmania spp. protozoa. 
VL is commonly present in tropical countries, due its complex epidemiological 
characteristics that involve environmental and climatic conditioning factors; phlebotomine 
vectors and several species of domestic and wild animals. These aspects determine high 
difficulty for the disease control.  

VL is considered the second most important protozoosis and one of the six main infectious-
parasitary diseases in the world (WHO). However, VL is a neglected disease that occurs in 
80% of poor or miserable populations witch survive with less than two dollars per day 
(Desjeux, 2004). VL is considered an emergent/re-emergent Zoonosis with high mortality 
levels, with continuous and serious impact on Public Health. 

2. Epidemiology 
2.1 Definition and etiology 

Visceral leishmaniasis (VL) is a worldwide zoonotic disease caused by flagellar protozoa 
(family Trypanosomatidae, order Kinetoplastida, genus Leishmania (L. donovani complex) 
(Farrel et al., 2002). L. chagasi is frequently reported in Americas (New World), genetically 
similar to L. infantum that is found in some countries of Mediterranean and Asia. L. infantum 
/ L. donovani are the more prevalent species in Europe, Asia and Africa (Old World).  

2.2 Distribution and classification 

The VL origin in the New World is controversial. L. chagasi may be carried out by wild dogs 
some millions years ago, but some researches appoint that L. infantum may be disseminated 
after the European colonization. In a study of evolutive and geographical history of L. 
donovani complex, using specific molecular tests, it was possible to infer that L. (L.) chagasi 
and L. (L.) infantum are, in fact, different denominations of the same parasite specie, 
considering their molecular and biochemical similarity (Luke et al., 2007). It was possible to 
suggest that the primordial lineage of Leishmania spp. could be originated in South America. 
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VL was initially described in Greece, in 1835, and was called “ponos” or “hapoplinakon”. 
The denomination “calazar” is proceeding from India, which means “black skin” due the 
clinical characteristic presented in severe cases of infection (Lainson et al, 1987).  

VL is classified according to its clinical characteristics and epidemiology in five types: 
Indian, African, Mediterranean, Chinese and American. The Indian type is considered an 
antropozoonosis caused by L. donovani, mainly identified in children, adolescents and 
adults determining frequent outbreaks with high mortality levels. This VL type occurs in 
Afghanistan, Iran, Iraq, Jordan, Israel, Lebanon, Oman, Saudi Arabia, Syrian, Yemen and 
Bengala. The African type, similar to the Indian one, considering the susceptibility and 
clinical signs, is caused by L. donovani or L. infantum. The transmission areas of African 
type are next to forests. The Mediterranean type is a zooantroponosis mainly transmitted in 
the near-house place. This type is frequently identified in children with five year of age or 
less, and dogs. L. infantum is involved and also participates on the wild cycle infecting foxes 
and coyotes. It occurs in Mediterranean, the Middle East and the South of Russia. The 
Chinese type is another one antropozoonosis caused by L. infantum that complete its 
biological cycle in dogs, raccoons, coatis, and in children of China. The American type is an 
antropozoonosis in urbanization process. L. chagasi is enrolled predominantly in children of 
15 years of age or less, being transmitted by Lutzomyia longipalpis. In Colombia, Lutzomyia 
evansi is considered a secondary vector. In Latin America, VL is present in 12 countries with 
90% of cases occurring in Brazil. Great urban centers and capitals are being invaded by VL, 
including Belo Horizonte, Teresina, São Luís, Fortaleza and Rio de Janeiro, where 
autochthon cases are registered.  

First VL human case in Brazil was reported in 1913, when Migone identified amastigotes 
forms in necropsy materials collected from a man from Boa Esperança, Mato Grosso state 
(Brasil, 2006). Until the 90`s, the main reported VL cases in human were from Northeast 
states. However, the recent and fast VL expansion to the Southeast, Midwest and North 
states has being verified. Northeast states presented the greatest number of VL cases in 2001 
(81.7%), followed by North regions (8.8%), Southeast (7.6%) and Midwest (1.9%). However, 
in 2003, the disease was reported in 58%; 15%; 7% and 19% of the Northeast; North; 
Midwest and Southeast states, respectively, demonstrating VL urbanization in Brazil (Silva 
et al., 2001b; Lindoso & Goto, 2006). 

Canine visceral leishmaniasis (CVL) prevalence is also high in Brazil, ranging 1% to 36% 
according to Brazilian region (Silva et al., 2001b). Araçatuba was the first city in Sao Paulo 
state where CVL was diagnosed (Luvizotto et al., 1999). Forty one cities in Sao Paulo state 
present the CVL transmission, and human VL transmission was reported in 28 cities, with 
10% to 15% prevalence levels (Camargo-Neves, 2005). 

2.3 Vectors 

The vectors related with Leishmania dispersion are phlebotomines (mainly Lutzomyia 
longipalpis). Fleas and ticks are considered other possible leishmaniasis vectors. Reservoirs 
are infected by phlebotomine females biting during its blood feeding in the skin or the 
peripheral blood of the reservoirs (mainly in dogs).  

In Brazil, the main country of VL transmission in Latin America, the vectors L. longipalpis or 
L. cruzi are enrolled on disease transmission.  
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Phlebotomines are small size insects (3-5 mm lenght) and present a straw coloration. They 
multiply on organic materials like humid soil, leaves, manure, etc. The action area of 
phlebotomines is of 150-300 meters (300-600m diameter). They usually fly in small salts and 
when the females are blood feeding, they keep their flies erect.  

2.4 Reservoirs 

The direct transmission (person-to-person) of VL is rare. In regions of the New World, 
where L. chagasi is endemic, the infection dispersion/maintenance in human beings had 
been also attributed to the canine reservoirs. They live closely to human and attract the 
vector to human houses. Dogs present elevate subcutaneous parasitism levels with high 
infectivity to the VL vector. The infectivity levels for phlebotomines are similar in 
asymptomatic and symptomatic dogs (Zivicnjak et al., 2005). 

On the other hand, Leishmania can be also identified in wild animals as foxes (mainly 
Lycalopex vetulus and Cerdocyon thous) (De Lima et al., 2006), and opossums (Didelphis 
albiventris) (Santiago et al., 2007). Equines, cats and rodents have been also identified as 
reservoirs.  

Cats are susceptible to both VL and integumentary leishmaniasis. Xenodiagnosis studies 
with experimental Leishmania infections in cats demonstrated the evidence of feline`s 
infectivity to the vector L. longipalpis. Skin lesions and protozoan distribution in organs were 
verified in infected cats, but the disease was self-limited after few months post-infection. 
Cats’ eclectic habit as well as the vectors adaptation to different animal species would be 
favorable factors for VL transmission (Dantas-Torres et al., 2006). 

VL in cats may be also associated with immunosuppressive diseases such as leukemia and 
feline immunodeficiency. Recent studies are been developed in order to investigate the real 
feline role on VL epidemiology: if they are important reservoirs or only accidental hosts.  

2.5 Leishmania life cycle 

Infected vertebrate hosts (reservoirs) are bitted by phlebotomine vectors during the blood 
feeding. Vectors acquire macrophages containing Leishmania amastigotes forms which 
multiply by binary division. Amastigotes differentiate to promastigote (flagellar) forms 
which colonize vectors` pharynges and esophagus and stay adhered to epithelium by their 
flagella. Then, these promastigotes forms differentiate to metacyclical promastigotes 
(infecting) forms.  

Biological cycle is completed when vectors bite new vertebrate hosts and the infecting 
Leishmania forms are inoculated in the hosts` epidermis and phagocyted by macrophages. 
After phagocytosis, promastigotes change to amastigotes which intensively multiply by 
binary division. Macrophages become devitalized and break and release the amastigotes 
which are phagocyted by new macrophages in a continuous process. The haematogenic and 
lymphatic dissemination of protozoa for other tissues and organs occurs especially in 
mononuclear phagocytical system cells (Ikeda-Garcia & Marcondes, 2007).   

2.6 Characteristics and risk factors 

VL has been considered as a re-emergent disease in some countries and has assumed a new 
profile due economic and social changes in the two last decades. Initially, VL was 
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considered a typical and sporadically agricultural disease (Nunes et al., 2001). It reached 
dogs and human beings that lived in close contact with forest regions (Gontijo & Melo, 
2004). However, VL has been pointed currently as a re-emergent zoonosis, characterizing a 
clear process of epidemiological transition. LV has become an urban endemic disease that 
represents serious problems for Public Health due its zoonotic potential. The frequent 
deforestation has reduced the availability of original wild animals to vector. Then, dogs and 
human actually represents alternative sources for vector`s feeding (Desjeaux, 2004). 

This zoonosis has demonstrated an increased prevalence in recent years, not only 
considering the number of registered cases, but also regarding its geographic distribution. 
The important social, political and environmental damages (Fig. 1), added to continuous 
population migrations for urban centers without sanitary structure (Fig. 2) and lack of 
educative programs, associated to the easy vector adaptability to new environments and to 
the high population of dogs which are potential reservoirs, had contributed to establish 
favorable conditions to the VL urbanization (Camargo-Neves, 2005). Reduction of the 
disease ecological space is also verified, leading to important outbreaks.  
 

 
Fig. 1. Environmental damage caused by houses building in Botucatu, Sao Paulo State, 
Brazil. The human changes in natural areas, the vector adaptation and the high number of 
possible reservoirs species represent a serious VL transmission risk to human and animals.  
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Fig. 2. Organic material accumulation near to a house in Sao Manuel, Sao Paulo State, Brazil. 
This situation may represent a risk for vector multiplication and VL transmission to both 
human and animals, especially in tropical countries.  

2.7 Susceptibility 

People of both sexes and all ages are susceptible to VL. However, the incidence is 
highlighted in children with nine years of age or less, and in immunossupressed 
individuals. On the other hand, in recent endemic areas, a new situation regarding VL 
susceptibility has been observed, and the number of VL cases in children and adults is 
practically the same. This fact could be related to the protozoa`s pathogeny/pathogenicity 
variations and also to immunossupressor influences which adult persons are continuously 
exposed, like stress. 

Approximately 12 million of people in the world are infected by Leishmania and about 1.5-2 
million new cases (25-50% as VL type) are notified by year. However, the official data does 
not represents the real number of cases, due passive detections, under-diagnosticated cases, 
asymptomatic cases and low number of countries with obligatory notification (only 32 of 88 
endemic countries demand obligatory cases registration). In accordance with the Regional 
Program of Leishmaniasis, all American countries registered more than 5,000 VL cases in 
2006.  

3. Clinical signs in human and treatment 
The incubation period of VL in human is variable, ranging from 10 days to 24 months, with 
average of two to six months. Clinical manifestations of the disease in humans are presented 
gradually, starting with apathy, weight loss, anemia, fever and lymphadenopaty, and liver 
and spleen enlargement. Pneumonia and other severe manifestations due secondary 
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bacterial infections are also related. VL can be lethal in approximately 95% of cases without 
treatment (Murray et al., 2005).  

Treatment of human cases also is recommended as VL control method. The pentavalent 
antimonial substances (sodium estibogluconate and N-metil glucamine antimoniate) are the 
election drugs for use in humans, since 70 years ago. In India, where 50% of the VL cases 
occur, the miltefosin is being used - since March of 2002 – administered by oral route, also 
indicated in oncology. This drug presents relatively efficient safety and allows up to 98% of 
cure. It is indicated in refractory cases to the therapy with conventional antimoniates. 
However, the patients can develop gastric, intestinal and theratogenic collateral effects. 
Amphotericin B is another therapeutic option that also determines collateral effects and is 
considered a high cost drug. 

4. HIV-VL co-infection 
More than 30 million people in the world are infected by HIV, and at least one third of this 
population lives in leishmaniasis endemic areas (WHO). The overlapping of geographic 
areas where leishmaniasis and HIV occur is due to the process of urbanization. 

In Europe, 70% of LV cases in adults are associated with HIV, and more than 9% of the 
individuals with AIDS suffer a just acquired or reactivated leishmaniasis. Users of 
intravenous drugs are considered of high risk for the co-infection, by sharing needles. From 
80’s on, this co-infection started to be described in the Europe, particularly in Spain, Italy 
and South France. In people infected by HIV, leishmaniasis presents severe clinical 
manifestations and determines lethal immunosuppressive synergism with HIV with 
stimulation of the viral response. However, the opportunistic behavior of Leishmania on 
HIV-VL co-infection is still not clear.  

The HIV-VL co-infection is considered a world priority by WHO. In this context, it was 
established a worldwide network of further notification of cases.  

5. Clinical signs in dogs 
Canine Visceral Leishmaniasis (CVL) determines a chronic systemic disease with several 
clinical manifestations, with difficult diagnosis. CVL incubation period is variable. Clinical 
signs can be verified in dogs between three months to various years after infection (mean 
three to seven months) (Brasil, 2006). 

Lymphadenopathy; abdominal distension due liver and spleen enlargement; skin lesions 
and/or alopecia (Fig. 3); emaciation; apathy; ocular lesions (Fig. 4); onicogryphosis; 
haemorrhages; diarrhoea and pneumonia are the main clinical signs reported. Locomotors 
and neurological alterations are occasionally related (Slappendel & Ferrer, 1998). 

Clinical signs in dogs may have different presentations, depending on the region (Cruz, 
2006; Duprey et al., 2006; Albuquerque et al., 2007). In a recent study, the main clinical 
manifestations observed in 100 examined dogs from an endemic VL area in Brazil were: 
emaciation (60%); spleen enlargement (57%); alopecia (51%); ocular lesions (46%); skin 
ulcers (43%); liver enlargement (38%); onicogryphosis (37%) and lymphadenopaty (21%) 
(Troncarelli et al., 2008). 
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Symptomatic CVL is frequently reported, but asymptomatic cases represent about 60% of 
infected dogs. Asymptomatic parasited dogs with or without antibodies have been 
identified in natural and experimental infections (Farrel, 2002).The infected asymptomatic 
animals represent a serious problem for public health because they are important 
unidentified reservoirs. On the other hand, when an infected asymptomatic dog is 
diagnosed, control measures may be difficult because the euthanasia is usually not 
authorized by dog’s owner. 
 

 
(A) (B) 

 

Fig. 3. Symptomatic VL seropositive dogs in the Zoonosis Control Center (ZCC) in Bauru – 
an important VL endemic area of Sao Paulo State, Brazil. A: alopecia, emaciation, skin 
lesions, onicogriphosis and apathy. B: lymphadenopathy (popliteal), emaciation, 
dehydratation. 

 

   
(A)            (B) 

 

Fig. 4. Symptomatic VL seropositive dogs from Bauru, Sao Paulo State, Brazil. A: severe 
periocular, nasal and auricular skin lesions (humid dermatitis, alopecia, crusts and 
secondary bacterial infection). B: ocular lesions, jaundice. 
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6. Diagnosis 
6.1 Dogs 

Considering that VL is a further notification zoonosis and reinforcing the risks to public 
health represented by Leishmania infected dogs, CVL diagnosis must be the more accurate 
than possible. It is important that the technical groups involved on CVL diagnosis 
specifically know about the available tests, as its limitations and clinical interpretation (Luz 
et al., 2001; Gradoni, 2002; Ikeda-Garcia & Marcondes, 2007). 

The diagnosis result must not be individually analyzed. There are various dependent factors 
that must be evaluated, like epidemiological issues, clinical signs, laboratory diagnosis 
results, etc. A positive result, if punctually analyzed, can condemn a non-infected dog to the 
euthanasia and a negative result if not correctly evaluated can contribute to the maintenance 
of an infected dog as a Leishmania reservoir (Machado, 2004; Zivicnjak et al., 2005).    

6.1.1 Serology 

Detection of circulating antibodies anti-Leishmania spp. in dogs by serological tests is an 
essential tool for CVL diagnosis. Serum samples or eluted blood samples can be examined 
by serological tests (Fig. 5).  

Dogs generally present seroconvertion after three months post-infection. Antibodies titles 
remain high for at least two years after Leishmania infection (Ikeda-Garcia & Marcondes, 
2007). CVL clinical signs and antibodies titers are not necessarily dependent factors (Reis, 
2001; Ferreira et al., 2007).  

Available serological tests commonly used for CVL diagnosis are Indirect 
Haemagglutination (IHA); Agglutination in Latex (AL); Direct Agglutination (DA); 
Immunoeletrophoresis; Indirect Immunofluoresence Antibody Test (IFAT) (Fig. 5); Enzyme-
linked Immunosorbent Assay (ELISA); Complement Fixation; Immunoprecciptation in gel 
and Western blot. Brazilian Health Ministry (Brasil, 2006) determined that the official labs 
must apply ELISA as a selection diagnosis and IFAT as a confirmatory test, in CVL 
surveillances. 

IFAT usually shows high sensitivity and specificity values, ranging from 68 to 100% and 74 
to 100%, respectively (Grosjean et al., 2003; Alves & Bevilacqua, 2004). ELISA` sensitivity 
and specificity values range from 71 to 100% and 85 to 100%, respectively. These tests are 
feasible, fast and inexpensively executed (Ikeda-Garcia & Marcondes, 2006). However, a 
positive result may not represent an active disease and also infected dogs may have 
negative results by serological tests. Two tests with 21-30 days interval are recommended. 

Due to the phylogenetic similarity between Leishmania genus and Trypanosoma cruzi (T. 
cruzi), serological cross-reactions (Fig. 6) and false-positive results are quite common 
(Zanette et al., 2006). There are endemic areas, especially in the Americas, where Leishmania 
spp. and T.cruzi incidences are superposed and co-infection with the two parasites may 
occur both in dogs and in human beings (Savani et al., 2005; Madeira et al., 2006). In fact, the 
results from serological tests may show Leishmania spp. and T.cruzi antibodies, signifying 
the occurrence of infection by the two parasites, rather than cross-reactions (Grosjean et al., 
2003; Rosypal et al., 2007). By this way, the improvement of diagnosis methods for the 
correct identification of canine infection is necessary to better comprehend the disease’s 
status in dogs and also to contribute to its control. 
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Fig. 5. Blood sampling for CVL serological diagnosis at Zoonosis Control Center (ZCC) of 
Bauru, Sao Paulo State, Brazil.  

    
(A) (B) 

Fig. 6. Positive results for Leishmania spp. and Trypanosoma cruzi by indirect 
immunofluorescence tests in serum samples collected from a dog in an VL endemic area in 
Brazil. Note the morphologic similarity between the protozoan parasites. A: promastigotes 
forms of L. major. B: trypomastigotes forms of T. cruzi “Y”strain. Pictures credits: Zoonosis 
Research Nucleous (NUPEZO), Univ Estadual Paulista (UNESP), Botucatu, Sao Paulo, Brazil. 

A 16.5% (33/200) cross-reaction between Leishmania spp. and T.cruzi in blood samples 
collected from dogs in an endemic VL area in Brazil was verified. Twenty-six (78.8%) of 33 
dogs that showed anti-Leishmania spp. and anti-T.cruzi antibodies also tested positive by 
direct parasitological examination and PCR for Leishmania spp., which indicates that these 
dogs presented leishmaniasis. No liver or spleen sample from the 200 dogs analyzed 
showed a positive PCR result for T.cruzi. These findings support the occurrence of cross-
reactions between Leishmania spp. and T.cruzi in IFAT; they also corroborate the need for 
simultaneous PCR and/or parasitological examination to establish canine leishmaniasis 
(CL) diagnosis. 
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On the other hand, it is important to reinforce that cross-reactions between Leishmania and 
other tripanosomatids or different microorganisms (including Ehrlichia canis; Babesia canis;, 
Toxoplasma gondii or Dirofilaria immitis) can occur, producing false-positive results (Rosario, 
2002; Luvizotto, 2003; Alvar et al., 2004). The use of recombinant or purified antigens (like 
gp63, gp72 and gp70; rK39, rK9 and rK26) improves the sensitivity and specificity of 
serological tests (Rosário, 2002; Zijlstra et al., 2001).  

6.1.2 Culture 

Blood samples and lymph node, bone marrow and spleen aspirates can be used for VL 
diagnosis by culture in special medium like Liver Infusion Tryptosis (LIT); NNN and RPMI-
1640 (Sundar & Rai, 2002).  

Leishmania amastigotes forms presented in original biological samples collected from 
vertebrate hosts modify to promastigotes (flagellar) forms in culture medium and can be 
visualized by optical microscope (Fig. 7). 

 
Fig. 7. Leishmania promastigotes forms isolated in Liver Infusion Tryptosis (LIT) medium 
after four weeks incubation at 27ºC. Optical microscopy 1000X.  

Culture diagnosis is commonly used for researches purposes because it is a time and 
material-consuming method. Results are lately obtained because Leishmania presents a slow 
multiplication in culture media. A positive result can be verified until four months post-
incubation, especially in case of low parasite load presented in biological collected samples. 

6.1.3 Parasitological identification 

6.1.3.1 Citology 

Leishmania amastigote forms can be visualized in lymph nodes squashes (or aspirate); bone 
marrow; spleen aspirate; skin biopsy; skin nodules aspirate; liver biopsy and blood 
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squashes. Giemsa, Leishman, Wright and Panotico are the most common dyes used (Sundar 
& Rai, 2002). Amastigotes forms have 2-5 µm size. For the correct diagnosis, it is necessary to 
observe three parasites` structures: cytoplasm, nucleous and kinetoplast (Fig. 8). 

 
Fig. 8. Dog`s liver imprint showing the protozoa`s amastigote structures. Giemsa dye, 1000X. 
A: amastigotes forms in a macrophage cytoplasm. B: individual protozoa`s amastigote form 
presenting cytoplasm, nucleus and kinetoplast. 

Aspirative cytology is generally used in vet clinics because it is a relatively easy and low 
invasive procedure. Citology sensitive values are directly related to parasite load, biological 
material collected, technical experience and time for slide examination (Ikeda-Garcia & 
Feitosa, 2006). This test presents sensitivity levels of 58%, 70% and 96%, for lymph node, 
bone marrow and spleen aspirates, respectively (Zijlstra et al., 2001). The 100% specificity 
allows the indication of cytology as a gold standard method. However, negative results are 
not uncommon, especially in chronic and/or asymptomatic CVL cases. 

6.1.3.2 Immunohistochemistry 

Skin, liver and lymphoid tissues are the election materials for VL diagnosis by 
immunohistochemistry/immunocytochemistry (IHC). Blood squashes; cytological slides; 
histological and frozen tissues can also be examined (Ikeda-Garcia & Feitosa, 2006). IHC 
allows retrospective studies and can be indicated for skilful exams.  

Immunoglobulins conjugated to enzymes are used to identify Leishmania amastigotes forms 
in tissues. High sensitivity and specificity values of this method allow an accurate and fast 
diagnosis despite the eventual low parasites load on samples (Ikeda-Garcia & Marcondes, 
2007). Amastigotes presents a hazel-brown coloration, easily visible by conventional optical 
microscopy. 
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6.1.4 Molecular diagnosis 

Polymerase Chain Reaction (PCR) allows the parasite’s DNA detection and does not depend 
on the dog’s immunological and/or clinical status (Soares et al., 2005; Reithinger & 
Dujardin, 2007). PCR can be used in cases of inconclusive reactions, anergy or cross 
reactions in serological tests, and shows sensitivity and specificity values near 100% 
(Lachaud et al., 2002; Gomes et al., 2007). Blood samples (Silva et al., 2001a); lymph node 
aspirates; bone marrow aspirates; biopsy fragments (skin, liver, spleen, etc.) and any kind of 
biological material can be tested by PCR for Leishmania`s DNA search. 

Different PCR protocols have been studied for leishmaniasis diagnosis in animals (Strauss-
Ayali et al., 2004), human and vectors (Aransay et al., 2000). Primers used are usually 
Leishmania genus-specific (Fig. 9.) or specie-specific (Solano-Gallego et al., 2001). Detection of 
more than one Leishmania species can be obtained by multiplex PCR (mPCR) protocols 
(Lachaud et al., 2002a,b). Parasite load can be evaluated by real time PCR (qPCR) techniques 
(Nicolas et al., 2002). The association of molecular methods with conventional diagnosis 
tests for VL diagnosis allows an accurate evaluation and also contributes to epidemiological 
and genetic studies (Singh & Sivakumar, 2003; Moreira et al., 2007). 

PCR also contributes with diagnosis elucidation, especially in case of cross reactions results 
by serological tests. 93.9% sensitivity and 85.8% specificity levels were obtained by PCR for 
leishmaniasis diagnosis in spleen and liver fragments collected from dogs in Bauru, an 
endemic CVL area in Brazil (Troncarelli et al., 2009). Using the LINR4 and LIN19 
(Ikonomopoulos et al., 2006) primers it was possible to identify 30 of 33 Leishmania infected 
dogs that were both positive for Leishmania and T. cruzi by IFAT. 

 
Fig. 9. Leishmania spp. kDNA amplification by Polimerase Chain Reaction. Samples: spleen 
fragments collected from euthanized dogs from Bauru (a Visceral Leishmaniasis endemic 
area in Sao Paulo State, Brazil). Primers LIN19 and LINR4. Agarosis gel 2%. bp - base pairs; 
LD - DNA ladder; C+ positive control (L.major); 1,3,4,5,9,10 – positive samples; 7 – positive 
sample with high DNA concentration; 2,6,8,11 – negative samples; 12 – negative control 
(milliQ water); 13 – PCR negative control (MIX-PCR). 

6.2 Human 

VL human diagnosis is difficult, because it is generally based on clinical signs that are lately 
identified. VL is a chronic disease, with a long incubation period with gradual and slow 
clinical manifestations, in the main number of cases. Infected people just call for a doctor 
when clinical signs are evident like abdominal distension - due liver and spleen 

720 bp 
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enlargement, hypoproteinemia, anemia – besides progressive emaciation; pain; 
lymphadenopahty or other severe disorders. In these cases, the diagnosis is done, but the 
prognostic is reserved to bad, especially in case of young and/or immunossupressed 
patients (Brasil, 2006).  

Serology tests can be done, but results are questionable and normally do not depend on 
patient infection and/or clinical status. The intra-dermal reaction (Montenegro`s test) is 
usually negative in VL human cases during disease`s clinical course, but can be positive in 
asymptomatic individuals or after the clinical cure (Ikeda-Garcia & Marcondes, 2007).  

Culture of blood marrow aspirates and direct parasitological exam of blood marrow 
squashes are the main sensitive tests for human VL diagnosis, but sampling method is 
invasive and painful. Liver and spleen biopsy are not recommended, especially in chronic 
cases, due haemorrhages risks due organs enlargement caused by Leishmania infection.  

7. Epidemiological vigilance, prophylaxis and control 
Considering the difficulties of VL control and monitoring, actions are centered on the better 
definition of risk transmission areas. The new target is to reinforce vigilance measures in 
States and counties where no LV human or canine cases are related, in order to avoid or to 
minimize the disease transmission in these non endemic areas. In the VL endemic areas, 
after the epidemiological stratification, the control measures generally are individually 
evaluated and implemented. However, it is important that integrated measures are adopted 
for an effective control. 

VL incidence especially in Americas is very high, but control strategies must be improved. 
Surveillance systems are usually inadequate and there are no sufficient human resources for 
diagnosis, treatment and control methods implementation. The Regional Program 
supported by the Global Program on leishmaniasis prevention and control prepared an 
action plan to be started in 2007. This plan includes a collective work for diagnosis tests 
standardization; strengthening of human resources; decentralization of public health 
programs of VL prevention and control; surveillance system improvement; strategic 
partnerships development and communities` involvement.  

7.1 Vector control 

The control strategy of this zoonosis includes: the early identification/treatment of human 
cases, the residual insecticides spraying in domiciles and near-house areas and add physical 
barriers in doors and windows in order to prevent the exposition to the vector. Photo-stables 
pyrethroids are usually sprayed in the human houses’ walls, and animals’ installations, like 
hen and swine houses, stables, etc; considering that these animals and its organic substances 
attract phlebotomines. It is important to reinforce the adequate destination of garbage, the 
removal of rubbish and organic substances in the near-house areas. 

7.2 Control in dogs 

7.2.1 Euthanasia 

The identification of serologically positive dogs, followed by euthanasia (Fig. 10) is one of 
control measures adopted in endemic areas (Brasil, 2006). VL coexists in dogs and humans 
but generally the disease in dogs precedes the occurrence of human cases. This reinforces 
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6.1.4 Molecular diagnosis 
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aspirates; bone marrow aspirates; biopsy fragments (skin, liver, spleen, etc.) and any kind of 
biological material can be tested by PCR for Leishmania`s DNA search. 
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Fig. 9. Leishmania spp. kDNA amplification by Polimerase Chain Reaction. Samples: spleen 
fragments collected from euthanized dogs from Bauru (a Visceral Leishmaniasis endemic 
area in Sao Paulo State, Brazil). Primers LIN19 and LINR4. Agarosis gel 2%. bp - base pairs; 
LD - DNA ladder; C+ positive control (L.major); 1,3,4,5,9,10 – positive samples; 7 – positive 
sample with high DNA concentration; 2,6,8,11 – negative samples; 12 – negative control 
(milliQ water); 13 – PCR negative control (MIX-PCR). 

6.2 Human 

VL human diagnosis is difficult, because it is generally based on clinical signs that are lately 
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lymphadenopahty or other severe disorders. In these cases, the diagnosis is done, but the 
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for an effective control. 

VL incidence especially in Americas is very high, but control strategies must be improved. 
Surveillance systems are usually inadequate and there are no sufficient human resources for 
diagnosis, treatment and control methods implementation. The Regional Program 
supported by the Global Program on leishmaniasis prevention and control prepared an 
action plan to be started in 2007. This plan includes a collective work for diagnosis tests 
standardization; strengthening of human resources; decentralization of public health 
programs of VL prevention and control; surveillance system improvement; strategic 
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7.1 Vector control 

The control strategy of this zoonosis includes: the early identification/treatment of human 
cases, the residual insecticides spraying in domiciles and near-house areas and add physical 
barriers in doors and windows in order to prevent the exposition to the vector. Photo-stables 
pyrethroids are usually sprayed in the human houses’ walls, and animals’ installations, like 
hen and swine houses, stables, etc; considering that these animals and its organic substances 
attract phlebotomines. It is important to reinforce the adequate destination of garbage, the 
removal of rubbish and organic substances in the near-house areas. 

7.2 Control in dogs 

7.2.1 Euthanasia 

The identification of serologically positive dogs, followed by euthanasia (Fig. 10) is one of 
control measures adopted in endemic areas (Brasil, 2006). VL coexists in dogs and humans 
but generally the disease in dogs precedes the occurrence of human cases. This reinforces 
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the importance of fast diagnosis in dogs, especially in endemic areas. Dogs are considered 
competent and abundant reservoirs, and cohabit with humans.  

 
Fig. 10. Euthanasia of a symptomatic VL seropositive dog in Zoonosis Control Center (ZCC) 
in Bauru, Sao Paulo State, Brazil. Approximately 20-30 dogs are euthanized at the ZCC 
daily. 

The impact of the control by positive dogs’ elimination is very conflicting, because it is 
showing laborious, with doubtful effectiveness and for the veterinarians and owner’s point 
of view. The euthanasia of seropositive dogs is frequently discussed. In recent studies, the 
evolution of seropositivity levels in humans, in two areas - one with elimination and another 
one without elimination of the seropositive dogs – were evaluated and there was no 
significant difference after one year of serological monitoring. However, the risk to the 
domestic man and to other animals – considering the importance of dog as a reservoir, and 
the low efficiency of therapeutical protocols for dogs - justifies, until the moment, the 
recommendation for euthanasia of infected dogs, as complementary method of control and 
prophylaxis of VL. 

7.2.2 Collars with repellent substances 

Collars impregnated with deltamethrin or other repellent substance can be associated with 
other control measures for VL prevention in dogs. This measure avoids dogs to be bitted by 
the vector. 

A study done in Andradina (Camargo Neves, 2005), an endemic VL area in Sao Paulo State, 
Brazil, demonstrated that both CVL and human VL prevalences had decreased when a 
prevention program was initiated with deltamethrin collars putting in dogs. It is important 
to reinforce that collars were replaced each three to four months interval, in order to 
maintain the residual action of the repellent.  

7.2.3 Vaccination 

Vaccination is considered another control method of CVL. There are several studies 
regarding dogs’ immunization, and the main researches’ objective is to develop a safe, low 
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cost and highly immunogenic vaccine against VL in dogs.  In experimental studies, filtered 
proteins from Leishmania promastigotes culture stimulated high immunity in different hosts, 
and conferred good protection in BALB/c mice infected with L. major. In other research, it 
was demonstrated that the vaccine produced from promastigotes antigens of L. infantum 
allowed 92% of protection in dogs from endemic areas.  

The Fucose Manose Ligand (FML) was the first antigenic glycoprotein approved for dogs`s 
immunization in Brazil. The main question regarding this vaccine was the probable 
difficulties to differentiate naturally infected from vaccinated animals by conventional 
serological tests.  

A new recombinant vaccine using the A2 Leishmania antigen fragment was recently 
approved by Brazilian Ministry of Agriculture.  

National researches institutes in Brazil are also involved on CVL vaccines development. The 
main effort is to produce a recombinant CVL vaccine associated with Rabies virus, to be 
used in national vaccination programs.  

7.2.4 Treatment 

Treatment of dogs with drugs indicated for human application is not recommended in 
Brazil (Brasil, 2006). Despite several studies have been conducted demonstrating that clinical 
signals are minimized or eliminated after treatment, there are some controversies about the 
parasitological cure versus the apparent clinical cure. Some researches reinforce that dogs 
could remain as Leishmania reservoirs representing a public health risk. 

On the other hand, CVL treatment is allowed in Spain and in other endemic countries. 
Glucantime is sold for veterinary use, and the doses volume is adjusted for use in small 
animals. Moreover, there are some medical pet foods with low protein levels indicated for 
dogs with leishmaniasis, considering that CVL commonly determines hepatic and renal 
lesions by immune-complexes deposition. 

7.3 Control difficulties 

7.3.1 General factors 

One of the biggest challenges for the strategies control improvement is the identification of 
each element of the epidemiological chain and its impact on VL transmission. The high 
prevalence of VL in endemic areas, especially in tropical countries are due environmental 
and climatic changes; low financial support on Health and Education programs; 
discontinuing of control measures; vector’s adaptation to environments modified by human; 
vectors genetic variances; co-infection with immune-suppressor diseases like AIDS, or 
chemotherapy treatment; urban problems like under-nutrition, house lacking and sanitary 
deficiencies. 

7.3.2 Diagnosis fails 

The delay on human and canine VL diagnosis usually determines under-notification of cases 
and treatment fails. This may be determined by lack of information on VL by population 
and eventually by some health professionals contributing to VL severity increase, high 
mortality levels and dissemination risks. The time between sampling, diagnosis and control 
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cost and highly immunogenic vaccine against VL in dogs.  In experimental studies, filtered 
proteins from Leishmania promastigotes culture stimulated high immunity in different hosts, 
and conferred good protection in BALB/c mice infected with L. major. In other research, it 
was demonstrated that the vaccine produced from promastigotes antigens of L. infantum 
allowed 92% of protection in dogs from endemic areas.  

The Fucose Manose Ligand (FML) was the first antigenic glycoprotein approved for dogs`s 
immunization in Brazil. The main question regarding this vaccine was the probable 
difficulties to differentiate naturally infected from vaccinated animals by conventional 
serological tests.  

A new recombinant vaccine using the A2 Leishmania antigen fragment was recently 
approved by Brazilian Ministry of Agriculture.  

National researches institutes in Brazil are also involved on CVL vaccines development. The 
main effort is to produce a recombinant CVL vaccine associated with Rabies virus, to be 
used in national vaccination programs.  
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Treatment of dogs with drugs indicated for human application is not recommended in 
Brazil (Brasil, 2006). Despite several studies have been conducted demonstrating that clinical 
signals are minimized or eliminated after treatment, there are some controversies about the 
parasitological cure versus the apparent clinical cure. Some researches reinforce that dogs 
could remain as Leishmania reservoirs representing a public health risk. 

On the other hand, CVL treatment is allowed in Spain and in other endemic countries. 
Glucantime is sold for veterinary use, and the doses volume is adjusted for use in small 
animals. Moreover, there are some medical pet foods with low protein levels indicated for 
dogs with leishmaniasis, considering that CVL commonly determines hepatic and renal 
lesions by immune-complexes deposition. 

7.3 Control difficulties 

7.3.1 General factors 

One of the biggest challenges for the strategies control improvement is the identification of 
each element of the epidemiological chain and its impact on VL transmission. The high 
prevalence of VL in endemic areas, especially in tropical countries are due environmental 
and climatic changes; low financial support on Health and Education programs; 
discontinuing of control measures; vector’s adaptation to environments modified by human; 
vectors genetic variances; co-infection with immune-suppressor diseases like AIDS, or 
chemotherapy treatment; urban problems like under-nutrition, house lacking and sanitary 
deficiencies. 

7.3.2 Diagnosis fails 

The delay on human and canine VL diagnosis usually determines under-notification of cases 
and treatment fails. This may be determined by lack of information on VL by population 
and eventually by some health professionals contributing to VL severity increase, high 
mortality levels and dissemination risks. The time between sampling, diagnosis and control 
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measures is too long (more than 80 days), determining the maintenance of infected dogs as 
reservoirs during several months. The strategy of seropositive dogs culling after 80 days 
blood sampling and diagnosis reduces in 9% the VL prevalence. If the euthanasia of 
seropositive dogs is done after 7 days of sampling and diagnosis, there is a 27% reduction in 
seroprevalence.  

7.3.4 Vectors`characteristics 

Phlebotomines are highly adaptable insects. As they multiply in organic materials, its 
control is very hard. The use of insecticides must be done by official agents with extremely 
sense, due the insecticides` residues that can prejudice the ecosystem and the environment.  

It is also important to consider the potential of other species of insects and mites as VL 
transmitters.  

7.3.5 Reservoirs` characteristics  

Dog is generally considered a family member. Its close contact with human may represent a 
serious public health risk considering the VL transmission potential in endemic areas. In 
some situations, when an infected dog is identified by diagnosis methods, it is sent to 
another place by its owners, in order to avoid the dog`s euthanasia. As there is no control 
about dogs’ transit from endemic to non endemic areas, the risk of introduction and 
dissemination of VL in different regions is very high. 

It is also important to consider the reservoirs potential of wild animals as and the role of 
some domestic animals like cats on VL transmission.  

8. Continued education 
Continued education programs on VL are essential for population orientation and to 
establish directing global actions involving community and public health organs for the 
disease prevention and control. The educative actions must be implemented in schools and 
neighbor associations in order to provide information regarding the main VL clinical signs 
and the prevention methods. Responsible ownership must be emphasized because dogs’ 
replacement levels after infected dogs’ removal for euthanasia are extremely high, especially 
in VL endemic areas. 

9. Conclusion 
VL represents a serious Public Health challenge in the world. The high disease expansion 
both in number of cases and in geographic areas reinforces the necessity of effective VL 
monitoring and control strategies. The complexity of causal agent, the variability of 
reservoirs species and the vectors adaptability to different ecosystems demand systematic 
and integrated actions in different points of the epidemiological chain. These factors explain 
why leishmaniasis is an old disease with continuous impact on public health. 

The improvement of diagnosis methods, the surveillance studies, the vaccine 
immunoprophylaxy, the systematic control of vectors, the researches for effective 
antimicrobials and therapeutical protocols for dogs and humans, the continued education 
regarding VL and responsible ownership are some measures for the VL control success.  
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1. Introduction 
The raccoon roundworm, Baylisascaris procyonis, is classified under the Phylum 
Nemathelminthes (the roundworms) and Class Nematoda. It is a member of Family 
Ascaridae and Superfamily Ascaridoidea, which represents intestinal worms with direct life 
cycles. Other, more familiar ascarids are Ascaris lumbricoides,Toxocara canis, and Toxocara cati, 
nematode parasites of humans, dogs, and cats, respectively. 

Baylisascaris procyonis was first named as Ascaris columnaris and isolated from raccoons in the 
New York Zoological Park in 1931(McClure, 1933). It was later recognized as a different 
species (Ascaris procyonis) in raccoons in Europe (Stefanski & Zarnowski, 1951). The genus 
Baylisascaris was defined by Sprent in 1968 and included eight recognized and two 
provisional species previously classified as members of theAscaris or Toxascaris genus 
(Sprent, 1968). The new genus was namedafter H. A. Baylis, formerly member of the British 
Museum of Natural History, London, United Kingdom.The possibility of human infection 
was anticipated by Beaver (Beaver, 1969) and later by Kazacos (Kazacos& Boyce, 1989). The 
marked zoonotic potential of B. procyonis has become apparent only in the last 2 decades. 
The first confirmed cases of NLM in humans were described to have occurred in two young 
boys, in 1984 and 1985 (Huff et al., 1984; Fox et al., 1985).  

This parasite is common in raccoons (Procyon lotor) in North America and Europe and also is 
frequent in racoons kept in zoos or peltry farms. Other members of this genus are found in 
bears, skunks, badgers and other carnivores. There is also evidence that dogs can acquire 
patent B. procyonis infections after scavenging intermediate, hosts. 

Baylisascaris procyonis is considered the most common cause of clinical larva migrans (LM) in 
animals, in which it is usually associated with fatal or severe neurological disease. In 
humans, particularly children, has emerged in recent years as one of the most serious causes 
of zoonotic visceral, ocular, and neural LM (VLM; OLM; NLM) and has been recognized as 
a source of severe, often fatal, neurologic disease. 

2. Morphology and life cycle 
B. procyonis biologically and morphologically resembles the intestinal roundwormof dogs 
Toxocara canis. Adult worms measure are tan-white in color, cylindrical and tapered at both 
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ends. The female reaching 20–22 cm long and the male 9–11 cm long (Kazacos, 2001). 
Cervical alae are vestigial and inconspicuous, the vulva is located one-fourth to one-third 
the body length fromthe anterior end, and males possess pericloacal roughened áreas. The 
egg itself is a typical ascarid egg, although smaller than a Toxocara canis egg, with a thick 
pitted shell and a large, dark zygote that almost completely fills the shell.The eggs of B. 
procyonis are ellipsoidal in shape, brown in color, and have a thickshell with a finely 
granular surface; theyrange in size from 63–88 x 50—70 μm, with most averaging 68–76 x 
55–61 μm. 

Adult female worms in the small intestine of raccoons and produce between 115,000 and 
179,000 eggs/worm/day. In nature, infected raccoons shed an average of 20,000 to 26,000 
eggs per gram of feces, with higher shedding rates in juvenile raccoons than in adults, and 
can shed in excess of 250,000 eggs per gram of feces. Thus, infected raccoons can shed 
millions of B. procyonis eggs daily, leading to widespread and heavy environmental 
contamination.  The numbers of eggs produced by infected raccoons combined with their 
defecation behaviour, ensures that latrine sites will become heavily contaminated. The eggs 
possess a sticky proteinaceous outer coat that enables them to adhere to objects and 
facilitates transmission. B. procyonis eggs become infective (secondstagelarva) in ∼2–4 
weeks, depending on environmental temperature and moisture. B. procyonis eggs are very 
resistant to environmental conditions, especially in moist soil. Although they can be killed 
eventually by extreme heat and dryness, the eggs survive harsh winters, and under 
appropriate conditions, they can remain viable for years, contributing to the long-term 
danger posed by latrines. 

Young raccoons become infected by ingesting infective eggs, whereas older raccoons 
become infected byingesting third-stage larvae (L3’s) in paratecnic hosts, usually rodents. 
Young raccoons become infected at an early age by ingesting eggs fromtheir mother’s 
contaminated teats or fur, from the contaminated den, or from raccoon latrines near their 
den. 

In young raccoons, larvae hatching from eggs enter themucosa of the small intestine and 
develop there several weeks before reentering the intestinal lumen to mature, the worms 
reaching patency in 50–76 days. In older raccoons, larvae from intermediate hosts develop to 
adults in the intestinal lumen, reaching patency in 32–38 days. 

The higherparasite burden of juvenile raccoons (mean burden, 48 to 62 worms) than in 
adults (mean burden, 12 to 22 worms) likely reflects differences in mechanisms of infection. 

Like other parasite (Toxocara spp.) B. procyonis can be borne by intermediate hosts when eggs 
are swallowed by a different vertebrate. Most commonly the intermediate host is a rodent, 
birds or lagomorph. In these animals, parasite eggs hatch in the small intestine, penetrate 
the intestinal wall and are get to the bloodstream through the liver to the lungs, where they 
are eventually distributed via the blood to various organs. Larvae eventually become 
encapsulated within eosinophilic granulomas, where they remain viable until they are 
ingested by raccoonsor for the lifetime of the host (Kazacos& Boyce, 1989). 

B. procyonis larvae often invading the central nevous system (CNS). Invasion of the brain 
seems to be particularly common in rodents, rabbits, birds and primates. In mice, 
approximately 5-7% of B. procyonis larvae are estimated to enter the CNS. These larvae can 
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cause considerable damage, both from mechanical damage during migration and from the 
inflammatory reaction they stimulate. Larvae in the eye can damage the retina and other 
structures. Eventually the larvae encyst, mainly in the connective tissues and muscles. 

 
 

Fig. 1. Life cycle of Baylisascaris procyonis. 
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Humans are accidental intermediate hosts and infection typically occurs in young children 
with pica or geophagia after ingestion of infective B. procyonis eggs from environments or 
items contaminated with raccoon feces (Kazacos, 2000). 

In humans, B. procyonis larvae have a tendency to invade the eyes, spinal cord, and brain, 
causing inflammatory reactions and tissue damage. The result can be blindness, 
neurological damage, and even death. B. procyonis infection typically results in fatal disease 
or severe sequelae. 

3. Epidemiology 
Raccoons, which are the definitive hosts for B. procyonis, are native to the Americas, where 
they can be found from Canada to Panama. They were introduced into Europe, the former 
U.S.S.R. and Asia for the commercial fur trade and into Japan as pets, and have become 
naturalized in some of these areas. The prevalence of B. procyonis infection is high in wild 
raccoons in Germany and those kept in zoos or as pets in Japan (Baeur &Gey, 2002; Kazacos, 
2001; Miyashita,1993; Sato et al., 2001). Although surveys of feral raccoons in Japan have not 
detected this organism, it is possible that some pets released into the wild were infected. 

In areas where B. procyonis is common in raccoons, it has much higher prevalence in juvenile 
raccoons (> 90%) than in adults (37%–55%). Average parasite intensity ranges from 43 to 52 
worms, with juvenile raccoons having a higher mean intensity (48–62, range 1–480) than 
adult raccoons (12–22, range1–257) (Snyder & Fitzgerald 1985; Ermer& Fodge 1986; Kazacos, 
2001). 

In United State B. procyonis roundworms are most prevalent in the midwestern, 
northeastern, and Pacific western states. Numerous surveillance studies have been 
conducted in the southeastern United States, and parasite are most common in the 
mountainous regions of Virginia, Kentucky, and West Virginia (Kazacos, 2001; Souza et al., 
2009). Geographic expansion of B. procyonis  roundwormshas been recently documented in 
Georgia (Eberhard et al., 2003; Blizzard et al., 2010a) and into northwestern and 
southeastern of Florida (Blizzard et al., 2010b).Recently, and study about the prevalence of 
B. procyonis in raccoons in Portland, Oregon, showed that 58% of sampled raccoons were 
found to be infected with parasite (Yeitz et al., 2009). 

In Canada, the prevalence of B. procyonis was estimated in 37.1% of the urban raccoon 
population of Winnipeg (Manitoba) (Sexsmith et al., 2009).  

In most areas where raccoons occur, there should be no environmental limitationson the 
presence of B. procyonis, although conditions for optimal egg development and survival 
willvary based on temperature and humidity. Baylisascaris procyonis eggs become infective in 
11–14 days at 22°C–25° C and 100% humidity (Sakla et al. 1989), similar to eggs of B. 
columnaris (11–16 d) (Berry, 1985). Under natural conditions, with cooler and/or fluctuating 
temperatures, egg development will beslower and will take several weeks to months. 

Under sufficiently warm but fluctuating temperaturas (e.g., cooler nights), most eggs should 
reach infectivity in 3–4+ weeks. Embryonated B. procyonis eggs stored 9–12 years at4° C 
retained their infectivity and central nervous system pathogenicity for mice (Kazacos, 2001). 
Given adequate moisture, embryonated eggs will last years in the soil, including through 
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harsh winters(Kazacos 1986, 1991; Kazacos & Boyce 1989).Conditions of extreme heat and 
dryness, as occur inbarn lofts and attics in summer months, will kill B. procyoniseggs by 
desiccation, probably in a few weeks ormonths (Kazacos & Boyce 1989). 

The epidemiology of Baylisascaris infection is linked to the defecation habits of raccoons. 
Presumably for communication or territorial reasons, individuals and groups of raccoons 
habitually defecate in focal areas called “latrines”, where large amounts of feces and B. 
procyonis eggs accumulate (Kazacos, 2001; Roussere et al., 2003; Page et al., 1998; Page et al., 
1999). Raccoon latrines are found directly on the ground, particularly at the base of trees; 
along and on the tops of fences; on roofs, decks, and stored firewood; and in outbuildings, 
attics, and various other locations (Kazacos, 2001; Roussere et al., 2003; Page et al., 1998). 
Homeowners are often unaware that there are latrines on roofs or hidden elsewhere on their 
property, thus increasing the risk of exposure to raccoon feces. Moreover, decomposition of 
the feces can occur rapidly under outdoor conditions, making it less obvious that these areas 
are contaminated. 

The primary risk factors for human B. procyonis infection include contact with raccoon 
latrines, pica/geophagia, young age (<4 years), and male sex. Older persons who have pica 
or exhibit geophagia are alsoat risk for significant infection. People are commonly exposed 
to the eggsof this parasite in peridomestic areas where infected raccoons are common. 

4. Pathology 
4.1 Infections in humans  

Baylisascaris procyonis causes neurologic disease in wild, zoo, and domestic animals as well 
as human beings. The full clinical spectrum of human baylisascariasis is unknown but 
includes VLM, NLM, and OLM. In addition, preliminary evidence suggests that 
asymptomatic infection also occurs.  

The severity of CNS disease is related to the number of eggs ingested, the extent and 
location of larval migration, and the severity of ensuing inflammation and necrosis (Kazacos 
2000, 2001).When infective B. procyonis eggs are ingested, infective larvae emerge from the 
eggs, penetrate the gut, and after migrating through the liver and lungs, become distributed 
via the bloodstream to various somatic tissues, including skeletal muscles, the viscera, brain, 
and eyes; here, they continue to migrate and eventually become encapsulated in granulomas 
(Kazacos, 1997, 2001). The pathogenicity of the larvae is related to their aggressive migratory 
behavior in the tissues and the fact that they molt and grow considerably during migration 
(Kazacos, 1997, 2000, 2001; Goldberg et al., 1993). Only 5%–7% of ingested larvae enter the 
CNS (Kazacos, 2000, 2001); thus, although theyare not neurotropic per se, their large size, 
aggressive migration, and stimulation of intense eosinophilic inflammatory reactions cause 
extensive damage to nervous (and ocular) tissues (Kazacos, 1997). Baylisascaris larvae 
entering the brain migrate there for extended periods before becoming walled off by host 
reactions.In heavy infections, the brain undergoes postinflammatory atrophy, leading to the 
progressive neurologic impairment and severe incapacitation seen in surviving patients 
with neural LM (Gavin et al., 2002a; Rowley et al., 2000a). Pathologic changes are further 
exacerbated by diagnostic and treatment delays. 

The incubation period in humans is uncertain, but NLM may occur as soon as 2 to 4 weeks 
after ingestion of the eggs. 
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NLM occurs when the parasites migrate through the CNS, and the symptoms vary with the 
location and number of the migrating larvae. The initial signs may be mild, with subtle 
behavioral changes, lethargy, somnolence or irritability, weakness, speech defects and/or 
mild changes in vision, but they can rapidly become severe. A variety of symptoms 
including ataxia, paresis or paralysis, developmental regression, tremors, torticollis, 
nystagmus and coma have been reported. Seizures are common and can be severe. Ocular 
signs, including blindness, also occur in many cases. 

NLM is associated with eosinophilic meningoencephalitis, an elevated peripheral 
cerebrospinal fluid eosinophilia can be detected in cases of meningoencephalitis. 

Some cases of NLM are fatal, almost all surviving patients have been left with serious 
neurological defects despite treatment. It has been reported only a one case of a child who 
developed relatively mild symptoms (headache, right arm pain, vomiting, mild upper 
extremity tremors and dysmetria, progressing to ataxia) and appeared to recover 
completely. 

OLM has been reported more frequently than neural larva migrans, and can occur without 
neurological signs. Inflammatory and degenerative changes are mainly seen in the retina 
and optic disk, usually only in one eye. The clinical signs may include transient obscuration 
of the vision, photophobia, other signs of diffuse unilateral subacute neuroretinitis (DUSN) 
and loss of vision. Some visual defects can be permanent. 

VLM by B. procyonis showed non-specific signs such as low-grade fever, nausea and 
lethargy. Invasion of the liver can result in hepatomegaly, and migration through the lung 
may cause symptoms of pneumonitis. A macular rash, seen mainly on the face and trunk, 
has also been reported. VLM is associated with eosinophilic cardiac pseudotumors (cardiac 
myofibroblastic tumors with high percentage of eosinophils). Subclinical cases might also 
occur in infection with B. procyonis. 

Human infections with B. procyonis have been documented most often in the U.S., but 
suspected cases have been reported from Europe, and a patient with neural larva migrans 
was reported in Canada in 2009. One case of ocular larva migrans in Brazil was reported as a 
probable B. procyonis infection, but the identification was not definitive. No exposure to 
raccoons was documented in the latter case, although the patient had been exposed to 
skunks.  

Other Baylisascaris species have been less well studied, but probably occur in most areas 
where their definitive hosts are found. 
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Location Age Sex Clinical Risk factor Diagnostic 

method Treatment Outcome 

1975 Missouri 18 mo Female 
Eosinophilic 

meningo-
encephalitis 

Geophagia 
Serologic 

(cross- 
reacting) 

 

Persistent 
weakness and 
spastic right 
arm and leg 

1984 Pennsylvania 10 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica Autopsy, 
serologic None Death 
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Year of 
published 

report 
Location Age Sex Clinical Risk factor Diagnostic 

method Treatment Outcome 

1985 Illinois 18 mo Male 
Eosinophilic 

meningo-
encephalitis 

Down 
syndrome and 

pica 

Autopsy, 
serologic Thiabendazole Death 

1991 Germany 48 y Female 

Diffuse 
unilateral 
subacute 

neuroretinitis 

   Ocular sequelae 

1992 California 29y Male 

Diffuse 
unilateral 
subacute 

neuroretinitis 

Exposure to 
raccoons Serologic None Ocular sequelae 

1993 Michigan 9 mo Male  Pica Serologic Not recorded 
Neurologic 

deficits, cortical 
blindness 

1994 Oregon 21 y Male Encephalopthy 
Developmental 

delay, 
pica/geophagia 

 Not recorded Persistent 
residual deficits 

1994 New York 13 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica Serologic 
Thiabendazole, 

ivermectin, 
and prednisone 

Neurologic 
deficits, cortical 
blindness, brain 

atrophy 

1995 Massachusetts 10 y Male 
Eosinophilic 

cardiac 
pseudotumor 

Not date Not date None Death 

2000 California 11 mo Male Eosinophilic 
encephalitis Pica Serologic 

Albendazole 
and 

Methyl-
prednisolone 

Neurologic 
deficits, 
seizures, 

profound visual 
impairment 

2000 California 13 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica/ 
geophagia 

Brain 
biopsy, 

serologic 

Solumedrol and 
prednisolone 

Neurologic 
deficits, 

blindness, 
seizures, brain 

atrophy 

2001 Minnesota 13 mo Male 
Eosinophilic 

meningo-
encephalitis 

Unknown Serologic 

Methyl-
prednisolone, 

vincristine, and 
thioguanine 

Death 

2001 Minnesota 19 mo Male 
Eosinophilic 

meningo-
encephalitis 

Klinefelter 
síndrome Serologic 

Prednisone, 
vincristine, and 

thioguanine 
Death 

2002 California 17 y Male 
Eosinophilic 

meningo-
encephalitis 

Developmental 
delay and 
geophagia 

Brain 
biopsy, 

serologic 

Albendazole 
and 

antiinflammato
ries 

Death 

2002 California 11 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica/ 
geophagia Serologic 

Albendazole 
and 

antiinflammato
ries 

Neurologic 
deficits, cortical 

blindness, 
seizures 
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NLM occurs when the parasites migrate through the CNS, and the symptoms vary with the 
location and number of the migrating larvae. The initial signs may be mild, with subtle 
behavioral changes, lethargy, somnolence or irritability, weakness, speech defects and/or 
mild changes in vision, but they can rapidly become severe. A variety of symptoms 
including ataxia, paresis or paralysis, developmental regression, tremors, torticollis, 
nystagmus and coma have been reported. Seizures are common and can be severe. Ocular 
signs, including blindness, also occur in many cases. 

NLM is associated with eosinophilic meningoencephalitis, an elevated peripheral 
cerebrospinal fluid eosinophilia can be detected in cases of meningoencephalitis. 

Some cases of NLM are fatal, almost all surviving patients have been left with serious 
neurological defects despite treatment. It has been reported only a one case of a child who 
developed relatively mild symptoms (headache, right arm pain, vomiting, mild upper 
extremity tremors and dysmetria, progressing to ataxia) and appeared to recover 
completely. 

OLM has been reported more frequently than neural larva migrans, and can occur without 
neurological signs. Inflammatory and degenerative changes are mainly seen in the retina 
and optic disk, usually only in one eye. The clinical signs may include transient obscuration 
of the vision, photophobia, other signs of diffuse unilateral subacute neuroretinitis (DUSN) 
and loss of vision. Some visual defects can be permanent. 

VLM by B. procyonis showed non-specific signs such as low-grade fever, nausea and 
lethargy. Invasion of the liver can result in hepatomegaly, and migration through the lung 
may cause symptoms of pneumonitis. A macular rash, seen mainly on the face and trunk, 
has also been reported. VLM is associated with eosinophilic cardiac pseudotumors (cardiac 
myofibroblastic tumors with high percentage of eosinophils). Subclinical cases might also 
occur in infection with B. procyonis. 

Human infections with B. procyonis have been documented most often in the U.S., but 
suspected cases have been reported from Europe, and a patient with neural larva migrans 
was reported in Canada in 2009. One case of ocular larva migrans in Brazil was reported as a 
probable B. procyonis infection, but the identification was not definitive. No exposure to 
raccoons was documented in the latter case, although the patient had been exposed to 
skunks.  

Other Baylisascaris species have been less well studied, but probably occur in most areas 
where their definitive hosts are found. 
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report 
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1975 Missouri 18 mo Female 
Eosinophilic 

meningo-
encephalitis 

Geophagia 
Serologic 

(cross- 
reacting) 

 

Persistent 
weakness and 
spastic right 
arm and leg 

1984 Pennsylvania 10 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica Autopsy, 
serologic None Death 
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Year of 
published 

report 
Location Age Sex Clinical Risk factor Diagnostic 

method Treatment Outcome 

1985 Illinois 18 mo Male 
Eosinophilic 

meningo-
encephalitis 

Down 
syndrome and 

pica 

Autopsy, 
serologic Thiabendazole Death 

1991 Germany 48 y Female 

Diffuse 
unilateral 
subacute 

neuroretinitis 

   Ocular sequelae 

1992 California 29y Male 

Diffuse 
unilateral 
subacute 

neuroretinitis 

Exposure to 
raccoons Serologic None Ocular sequelae 

1993 Michigan 9 mo Male  Pica Serologic Not recorded 
Neurologic 

deficits, cortical 
blindness 

1994 Oregon 21 y Male Encephalopthy 
Developmental 

delay, 
pica/geophagia 

 Not recorded Persistent 
residual deficits 

1994 New York 13 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica Serologic 
Thiabendazole, 

ivermectin, 
and prednisone 

Neurologic 
deficits, cortical 
blindness, brain 

atrophy 

1995 Massachusetts 10 y Male 
Eosinophilic 

cardiac 
pseudotumor 

Not date Not date None Death 

2000 California 11 mo Male Eosinophilic 
encephalitis Pica Serologic 

Albendazole 
and 

Methyl-
prednisolone 

Neurologic 
deficits, 
seizures, 

profound visual 
impairment 

2000 California 13 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica/ 
geophagia 

Brain 
biopsy, 

serologic 

Solumedrol and 
prednisolone 

Neurologic 
deficits, 

blindness, 
seizures, brain 

atrophy 

2001 Minnesota 13 mo Male 
Eosinophilic 

meningo-
encephalitis 

Unknown Serologic 

Methyl-
prednisolone, 

vincristine, and 
thioguanine 

Death 

2001 Minnesota 19 mo Male 
Eosinophilic 

meningo-
encephalitis 

Klinefelter 
síndrome Serologic 

Prednisone, 
vincristine, and 

thioguanine 
Death 

2002 California 17 y Male 
Eosinophilic 

meningo-
encephalitis 

Developmental 
delay and 
geophagia 

Brain 
biopsy, 

serologic 

Albendazole 
and 

antiinflammato
ries 

Death 

2002 California 11 mo Male 
Eosinophilic 

meningo-
encephalitis 

Pica/ 
geophagia Serologic 

Albendazole 
and 

antiinflammato
ries 

Neurologic 
deficits, cortical 

blindness, 
seizures 
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Year of 
published 

report 
Location Age Sex Clinical Risk factor Diagnostic 

method Treatment Outcome 

2002 Illinois 2.5 y Male 
Progressive 
encephalo-

pathy 

Pica/ 
geophagia Serologic Albendazole 

and solumedrol 

Neurologic 
deficits, 

blindness, 
generalized 
spasticity 

2002 Illinois 6 y Male 

Progressive 
encephalopathy

, diffuse 
unilateral 
subacute 

neuroretinitis 

Developmental 
delay,pica/ 
geophagia 

Serologic Albendazole 
and prednisone 

Neurologic 
deficits, 
seizures 

2003 Michigan 6 y Male 

Diffuse 
unilateral 
subacute 

neuroretinitis, 
neurologic 

deficits 

Pica Serologic  
Severe 

neurologic 
sequelae 

2003 Michigan 2 y Male 

Eosinophilic 
meningo-

encephalitis, 
chorioretinitis 

Pica Serologic  
Severe 

neurologic 
sequelae 

2004 Louisiana 4 y Male Eosinophilic 
meningitis 

Raccoons in  
neighborhood Serologic Dexamethasone 

albendazole Full recovery 

2009 Oregon 17 y Male 
Eosinophilic 

meningo-
encephalitis 

Geophagia and 
substance 

abuse 
Serologic Methyl-

prednisolone 

Aphasia and 
memory 
deficits 

2009 Toronto 7 y Male 
Eosinophilic 

meningo-
encephailitis 

Autism, 
raccoons in  
backyard 

Serologic 

Albendazole, 
methyl-

prednisone, 
prednisone 

No longer used 
speech to 

communicate, 
cortical visual 
impairment, 

seizure 
disorder 

2010 New York 12 mo Male 
Eosinophilic 
encephalo-

myelitis 
Geophagia Serologic 

Albendazole, 
prednisone and 

methyl-
prednisolone 

Neurologic 
deficits 

Table 1. Reported human cases caused by Baylisascaris procyonis. 

4.2 Infections in animals 

Susceptibility to Baylisascaris larva migrans varies among animal groups and species (Wirtz 
1982; Sheppard & Kazacos 1997). Animal groups particularly susceptible to parasite NLM 
include rodents, rabbits, primates, and birds, based on the number of cases and species 
affected.  For example, in 2007 a Baylisascaris procyonis infection in a Moluccan cockatoo 
(Cacatua moluccensis), was reported. An adult female Moluccan cockatoo was evaluated for a 
10-day history of progressive ataxia and weakness. The bird had been exposed 
intermittently over a 3-day period to a cage that had previously housed juvenile raccoons. 
Results of diagnostic tests were inconclusive and, despite supportive care, the bird died 7 
days after the initial presentation. Histopathologic examination revealed a single nematode 
larva in the midbrain that was consistent with Baylisascaris species and multifocal 
granulomas in the left ventricle of the heart (Wolf et al., 2007). 
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Some animal groups and species are only marginally susceptible, with limited migration 
occurring in the intestinal wall or viscera; others appear to be resistant. For example, no 
cases of B. procyonis NLM have been documented in opossums, which are commonly 
exposed through foraging at raccoon latrines(Page et al., 1998, 1999), or in adult domestic 
livestockor zoo hoofstock, which are commonly exposed through contaminated hay. Very 
limited or no migration was seen in sheep, goats, and swine experimentally infected with B. 
procyonis (Dubey, 1982; Snyder, 1983; Kazacos & Kazacos 1984). No cases have been 
documented in cats or raptors, which eat rodents possibly contaminated with eggs and/or 
containing L3’s. (Kazacos,  2001). The apparent species limitations to Baylisascaris infection 
should be regarded with caution. 

Except in very heavy infections with intestinal obstruction, raccoons infected with B. 
procyonis appear clinically normal with no outward signs of infection. Similarly, other 
species with Baylisascaris larva migrans usually are asymptomatic if no larvae enter the 
brain. The severity and progression of central nervous system disease in NLM depends on 
the number of eggs ingested, the number of larvae entering the brain, the location and 
extent of migration damage and inflammation in the brain, and the size of the brain.Thus, 
clinical disease will vary from mild, insidious, slowly progressive central nervous system 
disease with subtle clinical signs to acute, fulminating, rapidly progressive central nervous 
system disease with marked clinical signs. Although larvae enter the somatic tissues, eyes, 
and brain of some species as early as 3 days postinfection, clinical central nervous system 
disease is not usually apparent before 9–10 days postinfection, and in many cases not until 
2–4+ weeks postinfection, due to the lag time in causing central nervous system damage and 
inflammation (Kazacos, 1997; Sheppard& Kazacos, 1997). 

5. Diagnostic 
The diagnosis of baylisascariasis is difficult in live patients; there is no widely available, 
non-invasive definitive test. The combination of encephalopathy with cerebrospinal fluid 
(CSF) and peripheral eosinophilia and diffuse white matter disease on neuroimaging, with 
or without eye disease, in a patient from North America or Europe should strongly suggest 
the diagnosis of Baylisascaris NLM, and a history of exposure to raccoons or their feces 
should be sought. 

Unless a brain biopsy is done and a larva is found, antemortem diagnosis usually depends 
on serology, with supportive evidence from other tests.  

5.1 Serology 

In neural larva migrans, antibodies to Baylisascaris can be found in serum and CSF; a rising 
titer is usually seen. An enzyme linked immunosorbent assay (ELISA), indirect 
immunofluorescence and immunoblotting (Western blotting) have been developed to detect 
anti-Baylisascaris antibodies. These serological assays are not commercially available, but 
they may be provided by university research laboratories. In the U.S., an ELISA is available 
from the Department of Comparative Pathobiology at Purdue University, West Lafayette, 
IN. Indirect immunofluorescence tests use frozen sections of B. procyonis third-stage larvae 
as an antigen. Enzyme-linked immunosorbent assay and Western blotting use excretory-
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Year of 
published 

report 
Location Age Sex Clinical Risk factor Diagnostic 

method Treatment Outcome 

2002 Illinois 2.5 y Male 
Progressive 
encephalo-

pathy 

Pica/ 
geophagia Serologic Albendazole 

and solumedrol 

Neurologic 
deficits, 

blindness, 
generalized 
spasticity 

2002 Illinois 6 y Male 

Progressive 
encephalopathy

, diffuse 
unilateral 
subacute 

neuroretinitis 

Developmental 
delay,pica/ 
geophagia 

Serologic Albendazole 
and prednisone 

Neurologic 
deficits, 
seizures 

2003 Michigan 6 y Male 

Diffuse 
unilateral 
subacute 

neuroretinitis, 
neurologic 

deficits 

Pica Serologic  
Severe 

neurologic 
sequelae 

2003 Michigan 2 y Male 

Eosinophilic 
meningo-

encephalitis, 
chorioretinitis 

Pica Serologic  
Severe 

neurologic 
sequelae 

2004 Louisiana 4 y Male Eosinophilic 
meningitis 

Raccoons in  
neighborhood Serologic Dexamethasone 

albendazole Full recovery 

2009 Oregon 17 y Male 
Eosinophilic 

meningo-
encephalitis 

Geophagia and 
substance 

abuse 
Serologic Methyl-

prednisolone 

Aphasia and 
memory 
deficits 

2009 Toronto 7 y Male 
Eosinophilic 

meningo-
encephailitis 

Autism, 
raccoons in  
backyard 

Serologic 

Albendazole, 
methyl-

prednisone, 
prednisone 

No longer used 
speech to 

communicate, 
cortical visual 
impairment, 

seizure 
disorder 

2010 New York 12 mo Male 
Eosinophilic 
encephalo-

myelitis 
Geophagia Serologic 

Albendazole, 
prednisone and 

methyl-
prednisolone 

Neurologic 
deficits 

Table 1. Reported human cases caused by Baylisascaris procyonis. 

4.2 Infections in animals 

Susceptibility to Baylisascaris larva migrans varies among animal groups and species (Wirtz 
1982; Sheppard & Kazacos 1997). Animal groups particularly susceptible to parasite NLM 
include rodents, rabbits, primates, and birds, based on the number of cases and species 
affected.  For example, in 2007 a Baylisascaris procyonis infection in a Moluccan cockatoo 
(Cacatua moluccensis), was reported. An adult female Moluccan cockatoo was evaluated for a 
10-day history of progressive ataxia and weakness. The bird had been exposed 
intermittently over a 3-day period to a cage that had previously housed juvenile raccoons. 
Results of diagnostic tests were inconclusive and, despite supportive care, the bird died 7 
days after the initial presentation. Histopathologic examination revealed a single nematode 
larva in the midbrain that was consistent with Baylisascaris species and multifocal 
granulomas in the left ventricle of the heart (Wolf et al., 2007). 

 
Zoonosis Caused by Baylisascaris Procyonis 293 

Some animal groups and species are only marginally susceptible, with limited migration 
occurring in the intestinal wall or viscera; others appear to be resistant. For example, no 
cases of B. procyonis NLM have been documented in opossums, which are commonly 
exposed through foraging at raccoon latrines(Page et al., 1998, 1999), or in adult domestic 
livestockor zoo hoofstock, which are commonly exposed through contaminated hay. Very 
limited or no migration was seen in sheep, goats, and swine experimentally infected with B. 
procyonis (Dubey, 1982; Snyder, 1983; Kazacos & Kazacos 1984). No cases have been 
documented in cats or raptors, which eat rodents possibly contaminated with eggs and/or 
containing L3’s. (Kazacos,  2001). The apparent species limitations to Baylisascaris infection 
should be regarded with caution. 

Except in very heavy infections with intestinal obstruction, raccoons infected with B. 
procyonis appear clinically normal with no outward signs of infection. Similarly, other 
species with Baylisascaris larva migrans usually are asymptomatic if no larvae enter the 
brain. The severity and progression of central nervous system disease in NLM depends on 
the number of eggs ingested, the number of larvae entering the brain, the location and 
extent of migration damage and inflammation in the brain, and the size of the brain.Thus, 
clinical disease will vary from mild, insidious, slowly progressive central nervous system 
disease with subtle clinical signs to acute, fulminating, rapidly progressive central nervous 
system disease with marked clinical signs. Although larvae enter the somatic tissues, eyes, 
and brain of some species as early as 3 days postinfection, clinical central nervous system 
disease is not usually apparent before 9–10 days postinfection, and in many cases not until 
2–4+ weeks postinfection, due to the lag time in causing central nervous system damage and 
inflammation (Kazacos, 1997; Sheppard& Kazacos, 1997). 

5. Diagnostic 
The diagnosis of baylisascariasis is difficult in live patients; there is no widely available, 
non-invasive definitive test. The combination of encephalopathy with cerebrospinal fluid 
(CSF) and peripheral eosinophilia and diffuse white matter disease on neuroimaging, with 
or without eye disease, in a patient from North America or Europe should strongly suggest 
the diagnosis of Baylisascaris NLM, and a history of exposure to raccoons or their feces 
should be sought. 

Unless a brain biopsy is done and a larva is found, antemortem diagnosis usually depends 
on serology, with supportive evidence from other tests.  

5.1 Serology 

In neural larva migrans, antibodies to Baylisascaris can be found in serum and CSF; a rising 
titer is usually seen. An enzyme linked immunosorbent assay (ELISA), indirect 
immunofluorescence and immunoblotting (Western blotting) have been developed to detect 
anti-Baylisascaris antibodies. These serological assays are not commercially available, but 
they may be provided by university research laboratories. In the U.S., an ELISA is available 
from the Department of Comparative Pathobiology at Purdue University, West Lafayette, 
IN. Indirect immunofluorescence tests use frozen sections of B. procyonis third-stage larvae 
as an antigen. Enzyme-linked immunosorbent assay and Western blotting use excretory-
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secretory products from in vitro cultures of B. procyonis larvae as the antigen (Boyce et al., 
1989). Larval excretory-secretory antigens have been characterized as complex 
glycoproteins, with molecular masses of 10 kDa to 200 kDa, that contain several different 
sugar residues(Boyce et al, 1989). Protein epitopes of 33-kDa to 45-kDa antigens appear to be 
recognized selectively by antibodies from B. procyonis-infected humans and animals but not 
by normal human or T. canis antibody-positive sera (Boyce et al, 1989). In addition, children 
with clinical B. procyonis NLM are strongly positive for anti-Baylisascaris antibodies in CSF 
and serum and have consistently been negative for anti-Toxocara antibodies (Cunningham et 
al., 1994; Fox et al., 1985; Gavin et al., 2002; Kazacos, 2001; Moertel et al., 2001; Murray, 2002; 
Park et al., 2000; Rowley et al., 2000). In several of these cases, positive B. procyonis serology 
was confirmed by brain biopsy or at autopsy (CDC, 2002; Fox et al., 1985; Huff et al., 1984; 
Rowley et al., 2000). Acute and convalescent-phase titers characteristically demonstrate 
several fold increases in both serum and CSF anti-Baylisascaris antibody levels (Gavin et al., 
2002; Moertel et al., 2001). 

Although B. procyonis excretory-secretory (BPES) antigen-based ELISA and Western blot 
assays are useful in the immunodiagnosis of this infection, cross-reactivity remains a 
major problem. Recently, a recombinant B. procyonis antigen, BpRAG1, was reported for 
use in development of improved serological assays for the diagnosis of Baylisascaris larva 
migrans (Dangoudoubiyam et al., 2010). In a recent study, authors tested a total of 384 
human patient serum samples in a BpRAG1 ELISA, including 20 patients with clinical 
Baylisascaris larva migrans, 137 patients with other parasitic infections (8 helminth and 4 
protozoan), and 227 with unknown/suspected parasitic infections. A sensitivity of 85% 
and specificity of 86.9% was observed with the BpRAG1 ELISA, compared to only 39.4% 
specificity with the BPES ELISA. In addition, the BpRAG1 ELISA had a low degree 
ofcross-reactivity with antibodies to Toxocara spp. infection (25%), while the BPES antigen 
showed 90.6% cross-reactivity. Based on these results, BpRAG1 antigen has a high degree 
of sensitivity and specificity and should be very useful and reliable in the diagnosis  
and seroepidemiology of Baylisascaris larva migrans by ELISA (Dangoudoubiyam et al., 
2011) 

5.2 Laboratory tests 

Although no routine laboratory test is considered diagnosticof B. procyonis NLM by itself, a 
number of studies provide additional supporting evidence. Most importantly, the presence 
of eosinophilia, particularly eosinophilic meningitis, 

should alert the physician to the possibility of a parasitic etiology(Lo Re& Gluckman, 2003; 
Rothenberg, 1998; Weller, 1993). Eosinophils are not normally present in CSF; their presence 
narrows the differential diagnosis of CNS disease and provides an early or theonly etiologic 
clue. In documented cases of NLM, the peripheral white blood cell count is usually mildly 
elevated, but eosinophilia may be marked. Cerebrospinal fluid cell counts may be normal at 
presentation and generally demonstrate only mild leukocytosis, again with eosinophilia. 
Notably, even in the absence of pleocytosis, demonstrable CSF eosinophilia may be evident. 
Because eosinophils are easily missed in unstained or Gram-stained CSF, it may be 
necessary to request Wright’s orGiemsa stain of cytocentrifuged CSF specimens. In 
documented cases of NLM, CSF protein is generally normal or only mildly elevated, while 
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CSF glucose levels are normal. Although the finding of elevated serum isohemagglutinins, 
caused by cross-reactions between larval glycoproteins and human blood group antigens, is 
not specific for baylisascariasis, it does provide an additional clue to the diagnosis (Boyce et 
al., 1989). 

5.3 Other techniques 

Imaging techniques and encephalography provide supportive evidence and help rule out 
other causes. In ocular larva migrans, an ophthalmoscopic examination may occasionally 
reveal large, motile larvae in the retina, as well as choroidioretinitis and other signs of 
DUSN. The presence of Baylisascaris larvae in the eye is also suggestive in cases with 
neurological signs. Biopsies of the CNS are occasionally definitive, but larvae are often 
absent from the sample. A definitive diagnosis can also be made retrospectively from CNS 
samples taken at autopsy. Baylisascaris larvae are much larger (up to 80 μm in diameter and 
up to 1900 μm long) than Toxocara larvae, and can also be distinguished by their 
morphology. However, parasite larvae can be difficult to identify within tissues, and 
misidentification is common. In tissues, the third stage larvae of B. procyonis cannot be 
differentiated from B. columnaris or B. melis. Epidemiological evidence, such as a history of 
exposure to raccoons but not skunks or badgers, can be suggestive. 

6. Treatment 
The prognosis for B. procyonis NLM is grave with or without treatment; among documented 
cases,there are no neurologically intact survivors. In this parasite is very important early 
clinical suspicion of raccoon roundworm meningoencephalitis. 

The majority of cases have been treated with anthelmintics and corticosteroids. Empirical 
anthelmintic treatment with thiabendazole, fenbendazole, tetramisole, or ivermectin has 
failed to prevent death or unfavorable outcomes. Animal data suggest that albendazole and 
diethylcarbazinehave the best CSF penetration and larvicidal activity (Kazacos, 2001). 

Treatment with albendazole is protective in animal models if eggs have been ingested, but 
symptoms have not yet developed. In humans, albendazole has been used prophylactically 
after exposure to raccoon latrines or other sources of eggs. Whether it is helpful in patients 
with clinical signs is uncertain, because the death of the parasite might worsen the 
inflammation.  

Albendazole appears to have the more favorable pharmacologic profile, with good 
absorption, high serum concentrations of the active metabolite, good penetration across the 
blood-brain barrier, and minimal toxicity (de Silva et al., 1997; Jung et al., 1990). 

Most clinical cases have been treated concurrently with anthelmintics and corticosteroids; 
the corticosteroids are used to suppress inflammation caused by the death of the larvae, as 
well as to dampen the existing inflammatory response. In a recent case a early intervention 
with both, albendazole and steroids, may have contributed to patient’s partial recovery 
(Hajek et al., 2009) and a mild case of suspected B procyonis infection, with apparent early 
complete response after cerebellar edema, was treated with early corticosteroids and later 
albendazole (Pai et al., 2007). 
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secretory products from in vitro cultures of B. procyonis larvae as the antigen (Boyce et al., 
1989). Larval excretory-secretory antigens have been characterized as complex 
glycoproteins, with molecular masses of 10 kDa to 200 kDa, that contain several different 
sugar residues(Boyce et al, 1989). Protein epitopes of 33-kDa to 45-kDa antigens appear to be 
recognized selectively by antibodies from B. procyonis-infected humans and animals but not 
by normal human or T. canis antibody-positive sera (Boyce et al, 1989). In addition, children 
with clinical B. procyonis NLM are strongly positive for anti-Baylisascaris antibodies in CSF 
and serum and have consistently been negative for anti-Toxocara antibodies (Cunningham et 
al., 1994; Fox et al., 1985; Gavin et al., 2002; Kazacos, 2001; Moertel et al., 2001; Murray, 2002; 
Park et al., 2000; Rowley et al., 2000). In several of these cases, positive B. procyonis serology 
was confirmed by brain biopsy or at autopsy (CDC, 2002; Fox et al., 1985; Huff et al., 1984; 
Rowley et al., 2000). Acute and convalescent-phase titers characteristically demonstrate 
several fold increases in both serum and CSF anti-Baylisascaris antibody levels (Gavin et al., 
2002; Moertel et al., 2001). 

Although B. procyonis excretory-secretory (BPES) antigen-based ELISA and Western blot 
assays are useful in the immunodiagnosis of this infection, cross-reactivity remains a 
major problem. Recently, a recombinant B. procyonis antigen, BpRAG1, was reported for 
use in development of improved serological assays for the diagnosis of Baylisascaris larva 
migrans (Dangoudoubiyam et al., 2010). In a recent study, authors tested a total of 384 
human patient serum samples in a BpRAG1 ELISA, including 20 patients with clinical 
Baylisascaris larva migrans, 137 patients with other parasitic infections (8 helminth and 4 
protozoan), and 227 with unknown/suspected parasitic infections. A sensitivity of 85% 
and specificity of 86.9% was observed with the BpRAG1 ELISA, compared to only 39.4% 
specificity with the BPES ELISA. In addition, the BpRAG1 ELISA had a low degree 
ofcross-reactivity with antibodies to Toxocara spp. infection (25%), while the BPES antigen 
showed 90.6% cross-reactivity. Based on these results, BpRAG1 antigen has a high degree 
of sensitivity and specificity and should be very useful and reliable in the diagnosis  
and seroepidemiology of Baylisascaris larva migrans by ELISA (Dangoudoubiyam et al., 
2011) 

5.2 Laboratory tests 

Although no routine laboratory test is considered diagnosticof B. procyonis NLM by itself, a 
number of studies provide additional supporting evidence. Most importantly, the presence 
of eosinophilia, particularly eosinophilic meningitis, 

should alert the physician to the possibility of a parasitic etiology(Lo Re& Gluckman, 2003; 
Rothenberg, 1998; Weller, 1993). Eosinophils are not normally present in CSF; their presence 
narrows the differential diagnosis of CNS disease and provides an early or theonly etiologic 
clue. In documented cases of NLM, the peripheral white blood cell count is usually mildly 
elevated, but eosinophilia may be marked. Cerebrospinal fluid cell counts may be normal at 
presentation and generally demonstrate only mild leukocytosis, again with eosinophilia. 
Notably, even in the absence of pleocytosis, demonstrable CSF eosinophilia may be evident. 
Because eosinophils are easily missed in unstained or Gram-stained CSF, it may be 
necessary to request Wright’s orGiemsa stain of cytocentrifuged CSF specimens. In 
documented cases of NLM, CSF protein is generally normal or only mildly elevated, while 
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CSF glucose levels are normal. Although the finding of elevated serum isohemagglutinins, 
caused by cross-reactions between larval glycoproteins and human blood group antigens, is 
not specific for baylisascariasis, it does provide an additional clue to the diagnosis (Boyce et 
al., 1989). 

5.3 Other techniques 

Imaging techniques and encephalography provide supportive evidence and help rule out 
other causes. In ocular larva migrans, an ophthalmoscopic examination may occasionally 
reveal large, motile larvae in the retina, as well as choroidioretinitis and other signs of 
DUSN. The presence of Baylisascaris larvae in the eye is also suggestive in cases with 
neurological signs. Biopsies of the CNS are occasionally definitive, but larvae are often 
absent from the sample. A definitive diagnosis can also be made retrospectively from CNS 
samples taken at autopsy. Baylisascaris larvae are much larger (up to 80 μm in diameter and 
up to 1900 μm long) than Toxocara larvae, and can also be distinguished by their 
morphology. However, parasite larvae can be difficult to identify within tissues, and 
misidentification is common. In tissues, the third stage larvae of B. procyonis cannot be 
differentiated from B. columnaris or B. melis. Epidemiological evidence, such as a history of 
exposure to raccoons but not skunks or badgers, can be suggestive. 

6. Treatment 
The prognosis for B. procyonis NLM is grave with or without treatment; among documented 
cases,there are no neurologically intact survivors. In this parasite is very important early 
clinical suspicion of raccoon roundworm meningoencephalitis. 

The majority of cases have been treated with anthelmintics and corticosteroids. Empirical 
anthelmintic treatment with thiabendazole, fenbendazole, tetramisole, or ivermectin has 
failed to prevent death or unfavorable outcomes. Animal data suggest that albendazole and 
diethylcarbazinehave the best CSF penetration and larvicidal activity (Kazacos, 2001). 

Treatment with albendazole is protective in animal models if eggs have been ingested, but 
symptoms have not yet developed. In humans, albendazole has been used prophylactically 
after exposure to raccoon latrines or other sources of eggs. Whether it is helpful in patients 
with clinical signs is uncertain, because the death of the parasite might worsen the 
inflammation.  

Albendazole appears to have the more favorable pharmacologic profile, with good 
absorption, high serum concentrations of the active metabolite, good penetration across the 
blood-brain barrier, and minimal toxicity (de Silva et al., 1997; Jung et al., 1990). 

Most clinical cases have been treated concurrently with anthelmintics and corticosteroids; 
the corticosteroids are used to suppress inflammation caused by the death of the larvae, as 
well as to dampen the existing inflammatory response. In a recent case a early intervention 
with both, albendazole and steroids, may have contributed to patient’s partial recovery 
(Hajek et al., 2009) and a mild case of suspected B procyonis infection, with apparent early 
complete response after cerebellar edema, was treated with early corticosteroids and later 
albendazole (Pai et al., 2007). 
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Other supportive therapy may also be given. Recently, an acute eosinophilic 
meningoencephalitis, caused by Baylisascaris procyonis in a previously healthy teenager with 
a history of substance abuse, was treated with methylprednisolone; no antihelmintic drugs 
were administered (Chun et al., 2009). 

Laser photocoagulation, systemic corticosteroids and other therapies have been used in 
ocular larva migrans (Goldberg et al., 1993; Kazacos et al., 1985). 

In many cases, significant damage has already occurred by the time treatment is begun, and 
improvement is not seen. The best chance of recovery is expected with a very early 
diagnosis and treatment. 

7. Prevention and control 
In intermediate hosts, the risk of infection can be decreased by avoiding contact with 
raccoons, other definitive hosts and their feces. Raccoons can be discouraged from visiting 
homes and farms with the same measures that are used to prevent disease in humans. 
Infections are difficult to prevent completely in pets allowed outdoors, as the infective eggs 
can survive for long periods in the environment. In dogs, monthly heartworm/nematode 
preventatives appear to decrease the risk of intestinal infection with B. procyonis. In high-risk 
areas, dogs that are not on these preventatives should receive regular fecal examinations to 
decrease the risk that they will shed eggs.  

In zoos and other facilities, the housing for intermediate hosts should be designed to 
minimize exposure to raccoons, skunks and other definitive hosts. Captive raccoons and 
skunks should be kept in dedicated cages that can be cleaned, if necessary, with the harsh 
methods required to destroy Baylisascaris eggs. They should be tested regularly and 
dewormed when necessary, and they should not be fed wild animals that might carry 
larvae. Newly acquired definitive hosts should be quarantined and dewormed. Once 
contamination has occurred, it can be difficult to remove completely. Intermediate hosts in 
exhibits are sometimes treated prophylactically with pyrantel tartrate or ivermectin. 
Similarly to humans, animals with recent exposure might also be treated with albendazole 
to prevent the development of clinical signs. 

In humans, risk of infection is greatest when infants or toddlers with geophagia or pica 
come in contact with raccoon latrines or an environment contaminated by infected raccoon 
feces. Young infants and toddlers, particularly those with pica or geophagia, should be kept 
away from potentially contaminated areas. 

Raccoon latrines in and around homes and play areas shouldbe cleaned up and 
decontaminated. However, the longevity of B. procyonis eggs and their resistance to 
disinfection or decontamination makes successful environmental cleanup difficult. Recently 
a publication (Shafir et al., 2011) showed that eggs survived complete desiccation for at least 
6 months at room temperature. Total loss of viability was observed after 7 months of 
desiccation. Eggs frozen at –15°C for 6 months demonstrated no reduction in viability. 
Freeze–thaw, including exposure to 5 cycles, did not affect survival. Although they did not 
specifically design experiments to assess the effect of chlorine on inactivation of B. procyonis 
eggs, exposure to undiluted household bleach for 90 min toremove the mammillated layer 
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did not affect viability. In this study (Shafir et al., 2011) B. procyonis eggs showed alow 
thermal death point at <62°C, similar to that reported for other ascarids (Shafir et al., 2007; 
Feachem et al., 1983).Heat is by far the best method of killing B. procyonis eggs (Kazacos, 
2001). Boiling water, steam-cleaning, flaming, or fire are highly effective and practical 
methods for decontamination of large or small areas. The use of direct flames from a 
propaneflame-gun is a favored method (Kazacos, 2001). For heavily contaminated areas a 
combination of removal and disposal of the top few inches of surface soil with flaming is 
most effective. 
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a history of substance abuse, was treated with methylprednisolone; no antihelmintic drugs 
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Infections are difficult to prevent completely in pets allowed outdoors, as the infective eggs 
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preventatives appear to decrease the risk of intestinal infection with B. procyonis. In high-risk 
areas, dogs that are not on these preventatives should receive regular fecal examinations to 
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skunks should be kept in dedicated cages that can be cleaned, if necessary, with the harsh 
methods required to destroy Baylisascaris eggs. They should be tested regularly and 
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larvae. Newly acquired definitive hosts should be quarantined and dewormed. Once 
contamination has occurred, it can be difficult to remove completely. Intermediate hosts in 
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away from potentially contaminated areas. 
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did not affect viability. In this study (Shafir et al., 2011) B. procyonis eggs showed alow 
thermal death point at <62°C, similar to that reported for other ascarids (Shafir et al., 2007; 
Feachem et al., 1983).Heat is by far the best method of killing B. procyonis eggs (Kazacos, 
2001). Boiling water, steam-cleaning, flaming, or fire are highly effective and practical 
methods for decontamination of large or small areas. The use of direct flames from a 
propaneflame-gun is a favored method (Kazacos, 2001). For heavily contaminated areas a 
combination of removal and disposal of the top few inches of surface soil with flaming is 
most effective. 
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1. Introduction 
Abdominal angiostrongyliasis, a parasitic disease originally from the Americas, and 
eosinophilic meningoencephalitis, from Asia, are caused by two species of angiostrongilids 
nematodes, belonging to the family Metastrongylidae Leiper, 1908. In both cases, rats are the 
main definitive hosts and snails are the intermediate hosts (Acha & Szyfres, 2003). 

The helminth Angiostrongylus costaricensis Morera & Céspedes, 1971 is endemic to the 
Americas and is responsible for a pathological abdominal syndrome, caused by the presence 
of the adult helminth in the mesenteric arteries. This is microscopically characterized by 
eosinophilic infiltration, vascular abnormality and a granulomatous reaction (Graeff-
Teixeira et al., 1987). The disease was first reported in humans by Céspedes et al. (1967) and 
Morera (1967) in Costa Rica. The adult worm was subsequently described from specimens 
recovered during surgical procedures by Morera & Céspedes (1971). The parasite’s current 
distribution ranges from the southern United States to northern Argentina (Morera, 1988), 
with human cases having been reported in Costa Rica, Honduras, Colombia, Martinique, 
Dominican Republic, Puerto Rico, Nicaragua, Mexico, Venezuela, Guadalupe, El Salvador, 
Panama and Brazil (Kaminsky, 1995). 

In turn, Angiostrongylus cantonensis, the agent that causes eosinophilic meningoencephalitis, 
was first described in Canton, China, by Chen (1935), and is now dispersed to various 
Pacific islands, Australia, Africa, and more recently, the Americas (Foronda et al., 2010). It is 
believed that the initial dissemination to islands in the Pacific resulted from the introduction 
of naturally infected rats in containers coming from Asia (Diaz, 2008). The growing flows of 
global trade and tourism, as well as the spread of habits and customs among countries, have 
enabled the dispersion of the definitive and intermediate hosts of A. cantonensis (Cross, 
1987). Currently there are reports of human infection in the United States (New et al., 1995), 
Cuba (Aguiar et al., 1981), Jamaica (Slom & Johnson, 2003), Ecuador (Dorta-Contreras et al., 
2010) and Brazil (Lima et al., 2009.) In particular the introduction of the Achatina fulica in 
Brazil (Thiengo et al., 2007) and Pomacea canaliculata (Lamarck, 1822)in China are examples 
of the importance of exotic snails in the spread of this helminthiasis (Lv et al., 2008).  

This chapter focuses on the taxonomy, life cycle, endemic and exotic intermediate hosts, 
natural vertebrate hosts and geographical distribution of these Angiostrongylus species 
together with diagnosis, treatment and prophylaxis of the diseases borne by them. 
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enabled the dispersion of the definitive and intermediate hosts of A. cantonensis (Cross, 
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2. Systematic and general morphology 
The system for classifying the Angiostrongylus genus basically relies on the morphological 
characteristics of the rays of the copulatory bursa, host group specificity and/or place where 
the adult worms are located in the host. 

Dougherty (1946) considered the following genera to be synonyms for the genus 
Angiostrongylus Kamensky, 1905: Haemostrongylus Railliet and Henry, 1907; Parastrongylus 
Bayle, 1928; Rodentocaulus Shul’ts, Orlov and Kutas, 1933; Pulmonema Chen, 1935; and 
Cardionema Yamaguti, 1941. Drozdz (1970) separated species of the genus Angiostrongylus 
into two subgroups based on morphological characteristics of the caudal bursa and 
systematized them into two subgenera – Angiostrongylus and Parastrongylus – based on the 
morphology of the lateral rays of the caudal bursa. Angiostrongylus has a ventrolateral ray 
arising independently from the mediolateral and posterolateral rays, which emerge as a 
single trunk, and is a parasite of the right heart and pulmonary artery of carnivores. In 
contrast, the subgenus Parastrongylus parasitizes rodents and has as taxonomic 
characteristics the lateral rays arising in a common trunk and a cleft at the same level. A 
third subgroup, parasitizing insectivores, was classified as belonging to the genus 
Stefanskostrongylus, comprising species with lateral rays similar to the subgenus 
Parastrongylus, but without the gubernaculum. Anderson (1978) accepted such systematic 
criteria but did not mention biological aspects such as host specificity or site of infection. 
Furthermore, Chabaud (1972) proposed eight different genera based on the morphology of 
the bursal rays, types of hosts and infection site. Ubelaker (1986) reorganized the 
Angiostrongylidae into six genera, based on bursal morphology and on specific host groups. 
Nevertheless, the host-specificity criteria need to be studied further since infection has been 
reported of non-human primates and carnivores by A. costaricensis (Miller et al., 2006).  

In this chapter we accept the classification of Dougherty (1946). To date, 18 species of 
Angiostrongylus have been reported around the world. Four species have been described 
infecting carnivores: Angiostrongylus vasorum Baillet, 1866; Angiostrongylus raillieti Travassos, 
1927; Angiostrongylus gubernaculatus Dougherty, 1946; and Angiostrongylus chabaudi Biocca, 
1957. In rodents, 14 species have been described:  Angiostrongylus taterone Baylis, 1928; A. 
cantonensis; Angiostrongylus sciuri Merdevenci, 1964; Angiostrongylus mackerrasae Bhaibulaya, 
1968; Angiostrongylus sandarsae Alicata, 1968; Angiostrongylus petrowi Tarjymanova and 
Tschertkova, 1969; Angiostrongylus dujardini Drozdz and Doby, 1970; Angiostrongylus 
schmidti Kinsella, 1971; A. costaricensis; Angiostrongylus malaysiensis Bhaibulay and Cross, 
1971; Angiostrongylus ryjikovi Jushkov, 1971; Angiostrongylus siamensis Ohbayashi, Kamiya, 
and Bhaibulaya, 1979;  Angiostrongylus morerai Robles, Navone, and Kinsella, 2008; and 
Angiostrongylus lenzii Souza et al., 2009. 

Angiostrongylus costaricensis was described from three female specimens and one male 
specimen, recovered from a patient during surgery. Chabaud (1972) raised the species to the 
new genus Morerastrongylus, but this proposal was not accepted by Anderson (1978) in 
revising the classification of nematodes. A. costaricensis (Figs. 1-3; 7) is a filiform nematode. 
The cephalic end is round and the esophagus is club-shaped (Fig. 1). The copulatory bursa is 
slightly asymmetric and well developed. The dorsal ray is short and bifurcates into arms 
terminating in sharp tips. On its ventral side, behind its bifurcation, there is a conspicuous 
papilla. The lateral rays emerge from a common trunk, widely separated from the ventral 
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rays, and the mediolateral and the posterolateral rays are fused in their proximal half. The 
anterolateral ray is thicker and separates form the common trunk just after its emergence 
from the trunk. The externodorsal ray arises close the lateral trunk and is well separated 
from the dorsal ray. Its distal end is knoblike. The ventral rays are fused except at the tips 
and the ventrolateral ray is slightly longer than the ventrolateral one. A gubernaculum is 
present with two branches that come together just before they terminate in the cloaca (Fig. 7). 
Behind the cloacal opening, there are three papillae. The spicules are slender, striated and of 
equal size. The caudal extremity of the female is roughly conical, with a small projection at 
the tip (Fig. 3) (Morera, 1973). 

Angiostrongylus cantonensis was initially described as Pulmonema cantonensis Chen, 1935, a 
new genus, from specimens recovered from the lungs of naturally infected rats (Rattus 
norvegicus and Rattus rattus) collected in Canton, China. The adult worms of cantonensis 
(Figs. 4-6; 8) are characterized by a filiform body in both sexes, tapering at the anterior end. 
Females are larger and more robust than males. The cephalic vesicle is absent, the oral 
aperture is simple, circular and surrounded by six papillae (two dorsal, two lateral and two 
ventral) and two lateral amphids. The esophagus is claviform and the excretory pore is 
posterior to the esophagus (Fig. 4). The nerve ring is anterior to the middle of the esophagus, 
the male caudal bursa is small and slightly asymmetric, the ventroventral rays are smaller 
than the ventrolateral ones, with a common origin, bifurcated at the proximal half and do 
not reach the bursal margins. The dorsal ray is thick, bifurcating into three branches, with 
digititoform externodorsal rays separated at the base. The right mediolateral ray is thinner 
than the left one, with the right mediolateral and posterolateral rays bifurcating at the 
middle of the trunk and the left mediolateral and laterolateral rays at the distal third. The 
lateral rays arise from a common trunk, with the ventrolateral ray being cleft-shaped and 
smaller than the other lateral rays (Fig. 5). The gubernaculum is conspicuous and curved. 
Uterine tubules spiral around the blood-filled intestine, easily seen through the transparent 
cuticle. The tail is long and rounded without cuticle expansion and papillae, and is slightly 
ventrally curved (Fig. 6) (Thiengo et al., 2010). 
 

 Angiostrongylus costaricensis  Angiostrongylus cantonensis 
 Male Female  Male Female 
Body lenght 19.9 32.8  22.82 32.84 
Width 0.28-0.31 0.32-0.35  0.35 0.48 
Widht at the base of 
esophagus 0.12-0.14 0.14-0.15  0.04 0.05 

Esophagus 0.18-0.23 0.23-0.26  0.31 0.34 
Nerve ring - -  0.09 0.10 
Excretory pore - -  0.43 0.40 
Spicules 0.32-0.33 -  1.29 - 
Gubernaculum - -  0.08x0.02 - 
Vuva-tail - 0.24-0.29  - 0.19 
Anus-tail - 0.06-0.07  - 0.06 
Eggs - -  - 0.06 

Table 1. Measurements comparasion of Angiostrongylus costaricensis from Costa Rica 
(Morera, 1973) and Angiostrongylus cantonensis from Brazil (Thiengo et al., 2010).   
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Fig. 1-3. Angiostrongylus costaricensis; 1. Anterior extremity, right lateral view, female. Scale 
bar: 50 µm. 2. Male, caudal bursa, ventral view. Scale bar: 100µm .3. Female, posterior 
extremity, lateral view. Scale bar: 100µm. 4-6. Angiostrongylus cantonensis; 4. Anterior 
extremity, right lateral view, female. Scale bar: 100 µm.  5. Male, caudal bursa, ventral view. 
6. Female, posterior extremity, lateral view. Scale bar: 100 µm. 

 

  
Fig. 7. Light microscopy of Angiostrongylus costaricensis. Scale bar: 100 µm. 
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Fig. 8. Light microscopy of Angiostrongylus cantonensis. Scale bar: 100 µm. 

3. Life cycle of main species of Angiostrongylus infecting man 
Species of Angiostrongylus cause a nematode infection in domestic dogs and wild mammals 
(Anderson, 1978). Some species can accidentally infect humans, causing characteristic 
clinical symptoms of the disease: A. cantonensis and A. costaricensis, which respectively cause 
eosinophilic meningoencephalitis and abdominal disease in humans (Graeff-Teixeira et al., 
1991a; Wang et al., 2008). The biological cycle of these helminths requires an intermediate 
host, usually a snail, and a definitive host, most often a wild rodent. Humans participate in 
the biological cycle as accidental hosts, since the cycle does not complete itself in people. 

Infection by A. costaricensis happens when the definitive host ingests the snail, which can be 
infected with third stage larvae (L3), or food contaminated with snail mucus. The larvae 
migrate to the ileocecal region, penetrating the intestinal wall and entering the lymphatic 
vessels, where they molt twice before migrating to the mesenteric arteries, where they reach 
sexual maturity. The females release eggs, which are carried by the bloodstream, causing 
embolisms in the arterioles and capillaries of the intestinal wall. The eggs hatch when they 
reach the first larval stage (L1), penetrating the intestinal lumen, where they are released in the 
feces. To continue the cycle, the L1 larvae must be ingested or actively penetrate the tissue of 
the intermediate host (Thiengo, 1996). After 19 days of the initial infection, the larvae will have 
molted twice (passing through the L2 and L3 stages, the latter of which is the infective stage for 
the definitive host). The wild rodents become infected by ingesting parasitized snails, mainly 
the species Vaginulus (Sarasinula) plebeius  in Costa Rica (Morera, 1970) or Phyllocaulis variegatus 
(Semper, 1885) in Brazil (Graeff-Teixeira et al., 1989). The main rodent hosts are Sigmodon 
hispidus (Morera et al., 1970) and Oligoryzomys nigripes (Graeff-Teixeira et al., 1990) in these two 
countries, respectively. The worms reach sexual maturity in the mesenteric arterioles of the 
rodent S. hispidus, where they lay their eggs. The L1 larvae are found in the feces 24 days after 
experimental infection (Morera, 1973; Motta & Lenzi, 1995). 

Humans become infected by eating raw infected snails or food contaminated by snail mucoid 
secretions containing L3 larvae. Although the helminth reaches sexual maturity and releases 
eggs that stimulate a granulomatous reaction in the infected person intestinal wall due to their 
degeneration, it does not produce L1 larvae, thus interrupting the biological cycle.   
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The nematode A. cantonensis is commonly known as the lungworm because its niche in the 
adult phase is in the pulmonary arteries of the definitive host, in general the rodents R. 
rattus and R. norvegicus. In experimental infection of R. norvegicus, the female worm lays 
eggs inside the pulmonary arterioles, where they develop into the first-stage larvae (L1), 
which then move to the interior of the alveoli. The larvae then migrate to the pharynx and 
are swallowed, pass through the gastrointestinal tract and are eliminated in the feces 
(Bhaibulaya, 1975; Yousif & Ibrahim, 1978). Land or freshwater snails are the principal 
intermediate hosts. They can become infected by ingestion of or penetration by L1 larvae. 
The helminths then molt two times and become infective L3 larvae, generally within 21 days 
after infection. Rats become infected by ingesting the intermediate hosts infected by L3 
larvae. These larvae then penetrate the intestinal wall and enter the bloodstream a few hours 
after being ingested. They reach the pulmonary circulation from the heart and are dispersed 
to various other organs by the arterial circulation. Many reach the brain and molt again, 
becoming L4 larvae. The fifth molting into L5 occurs in the subarachnoid space, from where 
after developing they migrate to the pulmonary arteries where they are found as of 25 days 
after infection. The worms then reach sexual maturity at around 35 days and the L1 larvae 
can be found in the rodent’s feces as of 42 days after the exposure to the previous generation 
of L1 larvae (Weinstein et al., 1963; Bhaibulaya, 1975).    

Humans become infected by eating raw or undercooked snails and slugs or through paratenic 
hosts (crabs, freshwater shrimps). In humans, the young larvae reach the brain, where they die 
rather than migrating further and terminating their development. This causes eosinophilic 
meningoencephalitis, which has neurological symptoms. Normally the infection is 
regenerative and does not kill the victim, but the parasitism can be serious enough to kill when 
there is massive exposure to infective L3 larvae (Lima et al., 2009) (Fig. 9). 

 
Fig. 9. Life cycle of Angiostrongylus cantonensis. 
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4. Endemic and exotic mollusks as intermediate hosts 
The life cycle of A. cantonensis (Fig. 9) involves different species of terrestrial and freshwater 
gastropods as intermediate hosts. Mollusks become infected either by ingestion of L1 present 
in the rat feces or by penetration of these larvae through the body wall or respiratory pores. 
In the mollusk tissues the L1 molts twice (L2 and L3) and the period necessary for the 
development is around 15 days. Details of the life cycle may be seen in Cheng & Alicata, 
1965, Chao et al. 1987 and Graeff-Teixeira et al. 2009. 

Because the parasite displays broad nonspecificity for intermediate hosts, various species of 
terrestrial and freshwater mollusk species had been found naturally infected, such as: 
Achatina fulica Bowdich, 1822, Bradybaena similaris (Férussac, 1821), Subulina octona 
(Bruguière, 1792), Pomacea canaliculata (Lamarck, 1822), Pomacea lineata (Spix in Wagner, 
1827); Deroceras laeve (Muller, 1774), Pila spp. (Wallace and Rosen,1969; Malek and Cheng, 
1974; Caldeira et al., 2007; Thiengo et al., 2010).  

It is noteworthy in the epidemiology of the transmission of A. cantonensis the occurrence of 
paratenic hosts (or carrier hosts) such as land crabs, freshwater prawns, frogs and 
planarians. Those are passive hosts where the parasite does not undergo any development. 
However, they play an important role as they improve parasite opportunities (in time and 
space) to get the definitive host.  

In China where P. canaliculata and A.fulica are widespread in the south of the country, the 
number of cases of eosinophilic meningoencephalatis has been increasing, and the 
transmission is linked to both species (Lv et al., 2008, 2009). In the last years, various 
outbreaks have been reported and the transmission in most of the cases was directely 
related to the consumption of P. canaliculata, considered currently the main cause of the 
spread of angiostrongyliasis in China (Lv et al. 2011). 

The first cases of eosinophilic meningitis recorded to South America were to Brazil in 2007 and 
in 2008 and A. fulica was considered the vector for three out of the four reported cases. One of 
the cases reported to Pernambuco, Northeastern region, was attributed to the ingestion of 
undercooked P. lineata specimens (Caldeira et al., 2007; Lima et al., 2009; Thiengo et al., 2010). 
In fact, specimens of A. fulica have been found infected with A. cantonensis larvae from two of 
the main Brazilian regions, South and Southeast, in the last five years (Maldonado et al., 2010). 
Hence, the emergence of eosinophilic meningitis is a matter of concern in Brazil as it is 
currently experiencing the explosive phase of the invasion of A.fulica, recorded in 24 out the 26 
states and the Federal District (Thiengo et al., 2007, Zanol et al., 2010). 

The life cycle of A. costaricensis is quite similar to that of A. cantonensis, although paratenic 
hosts do not occur. 

To continue the cycle, the L1 larvae must be ingested or actively penetrate the tissue of the 
intermediate host (Thiengo, 1996). After 19 days of the initial infection, the larvae will have 
molted twice (passing through the L2 and L3 stages, the latter of which is the infective stage 
for the definitive host). The wild rodents become infected by ingesting parasitized snails, 
mainly the species Vaginulus (Sarasinula) plebeius in Costa Rica (Morera, 1970) or Phyllocaulis 
variegatus (Semper, 1885) in Brazil (Graeff-Teixeira et al., 1989; Motta & Lenzi, 1995). 
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4. Endemic and exotic mollusks as intermediate hosts 
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5. Parasitism by Angiostrongylus costaricensis and Angiostrongylus 
cantonensis in naturally infected rat populations 
The nematode A. costaricensis has little specificity for its definitive host. The main hosts 
involved in its life cycle in nature are rodents of the Cricetidae family, although rodents of 
the Heteromydae and Muridae families have also been found to be infected (Table 2). The 
rodent S. hispidus has been indicated as the principal natural host due to its abundance, 
parasite prevalence rates in Panama and aspects of its ecology (Rodríguez et al., 2000). 
 

Definitive Host Family Country References 
Rodentia    

Sigmodon hispidus Cricetidae Costa Rica; Panamá; 
United States 

Morera, 1970; Tesh et al., 
1973; Ubelaker & Hall, 
1979 

Rattus rattus Muridae 
Costa Rica; Panamá;  
Puerto Rico; 
Guadoulupe 

Morera, 1970; Tesh et al., 
1973;  Andersen et al., 
1986; Juminer et al., 1993; 

Rattus norvegicus Muridae 

Guadoulupe;  
Dominican 
Republic;  Puerto 
Rico 

Juminer et al., 1993; 
Vargas et al., 1992;  
Andersen et al., 1986 

Liomys adspersus Heteromyidae Panamá Tesh et al., 1973 
Zygodontomys microtinus Cricetidae Panamá Tesh et al., 1973 
Oryzomys  fulvescens Cricetidae Panamá Tesh et al., 1973 
Oryzomys caliginosus Cricetidae Colombia Malek, 1981 
Oligoryzomys nigripes
(=Oryzomys eliurus) Cricetidae Brazil Graeff-Texeira et al., 1990 

Sooretamys angouya
(=Oryzomys Ratticeps) Cricetidae Brazil Graeff-Texeira et al., 1990 

Proechimys sp. Echimyudae Venezuela Santos, 1985 
Didelphimorphia    
Didelphis virginiana Didelphidae United States Miller et.al, 2006 
Carnivora    
Nasua narica bullata Procyinidae Costa Rica Morera, 1970 
Procyon lotor Procyinidae United States Miller et.al, 2006 
Primates    
Hylobates syndactylus Hylobatidae United States Miller et.al, 2006 
Aotus nancymaae Aotidae United States Miller et.al, 2006 
Saguinus mystax Cebidae Peru Sly et al., 1982 

Table 2. Vertebrate hosts infected with Angiostrongylus costaricensis in the Americas. 

Other mammals have also been found naturally infected, such as the coati Nasua narica 
bullata in Costa Rica, in which parasitism by A. costaricensis was confirmed after 
experimental infection of S. hispidus from isolation of L1 larvae obtained from the host’s 
feces, and in specimens of the marmoset Saguinus mystax imported from Peru after 
histopathological examination, which demonstrated the presence of the adult worm in the 
lamina propria of the host’s mesenteric artery. 
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Recently, A. costaricenis was reported parasitizing siamangs (Hylobates syndacttylus), night 
monkeys (Aotus nancymaae), raccoons (Procyon lotor) and opossums (Didelphis virginiana) in a 
zoo in the United States (Miller et al., 2006).  

In Brazil, only two species of cricetids rodents, O. nigripes and Sooretamys angouya, are 
involved in transmission of A. costaricensis, in the Southern region of the country (Graeff-
Teixeira et al., 1990). Although no evidence has been found of the participation of wild 
rodents in the Southeastern region (Graeff-Teixeira et al., 2010), there are various reports of 
abdominal angiostrongyliasis in the Midwestern and Southeastern regions (Pena et al., 1995; 
Magalhães et al., 1982).   

In the Americas in general, the presence of R. rattus and R. norvegicus infected by A. 
cantonensis confirms the endemism of this zoonosis in Cuba, the United States, Jamaica, 
Puerto Rico, Dominican Republic, Haiti and Brazil (Table 3). The infection rate of these 
rodents is highly variable (Wang et al., 2008) and does not suggest specificity among the 
murids. Some findings of infected rodents in urban areas are associated with 
epidemiological investigations after the occurrence of cases of eosinophilic 
meningoencephalitis, such as in Cuba, Jamaica and Brazil (Aguiar et al., 1981; Lindo et al., 
2002; Simões et al., 2011). 
 

Definitive Host Family Country References 
Rodentia    
Rattus rattus  Muridae Jamaica; Haiti Lindo et al., 2002; Raccurt et 

al., 2003 
Rattus norvegicus Muridae Cuba; United States; 

Jamaica; Haiti; 
Brazil 

Aguiar et al., 1981; Campbell 
& Little, 1988; Lindo et al., 
2002; Raccurt et al., 2003; 
Simões et al., 2011 

Neotoma floridanus Cricetidae United States Kim et al., 2002 
Didelphimorphia    
Didelphis virginiana Didelphidae United States Kim et al., 2002 
Primates    
Varecia variegata rubra Lemuridae United States Kim et al., 2002 

Table 3. Vertebrate hosts infected with Angiostrongylus cantonensis in the Americas.           

Kim et al. (2002) reported A. cantonensis infection in a lemur  (Varecia variegata rubra), in a wood 
rat (Neotoma floridanus) and in 4 opossums (Didelphis virginiana) in Lousiana, United States. 

How A. cantonensis arrived and became established in the Americas is not well established, 
but Diaz (2008) attributed the spread of A. cantonensis to the American continents to the 
introduction of R. norvegicus by containers carried by ships. In Brazil, two arrival routes of 
this parasite have been postulated: in parasitized rats during the country’s colonial period, 
when there was frequent contact with Africa and Asia (Maldonado et al., 2010) and/or by 
recent invasion of the African snail A. fulica, some two decades ago (Thiengo et al., 2007). 

6. Geographic distribution of angiostrongyliasis in the Americas 
The first report of abdominal angiostrongyliais was in 1952 in children in Costa Rica 
(Céspedes et al., 1967; Morera, 1967). Nearly 20 years later, in the same country, the parasite 
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was reported naturally infecting S. hispidus and R. rattus (Cépedes & Morera, 1971). Since 
the description of this parasite, various cases have been reported in both South and North 
America, in countries including Honduras (Sierra & Morera, 1972), Venezuela (Zambrano, 
1973), Mexico (Zavala et al., 1974), El Salvador (Sauerbrey, 1977), Brazil (Ziliotto et al., 1975), 
Ecuador (Lasso, 1985), Nicaragua (Duarte et al., 1991) and Guatemala (Kramer et al., 1998).  

In the United States (Ubelaker & Hall, 1979; Hulbert et al., 1992), Colombia (Malek, 1981), 
Panama (Tesh et al., 1973) and Caribbean islands (Juminer et al., 1993; Jeandel et al., 1998), 
reports of the presence of the parasite in the definitive host preceded the finding of cases of 
abdominal angiostrongyliais. It is thus possible that the distribution of this zoonosis in the 
Americas and the world at large is more ample than currently known.  

Angiostrongyliais caused by A. cantonensis was originally reported in Asia. It has been 
postulated that this zoonosis spread to the Americas in the twentieth century (Pascual et al., 
1981), where there have been reports of sporadic outbreaks. The first report of eosinophilic 
meningoencephalitis occurred in Cuba (Aguiar et al., 1981), followed by United States 
(News et al., 1995), Jamaica (Barrow et al., 1996), Brazil (Lima et al., 2009) and more recently 
Ecuador (Dorta-Contreras et al., 2011). After the reports of parasitism in humans, the 
naturally infected definitive host was identified, except in Ecuador. In contrast, in Puerto 
Rico, Dominican Republic and Haiti, only the parasite infecting snails and/or rats has been 
reported (Andersen et al., 1986; Vargas et al., 1992; Raccurt et al., 2003), with no cases of 
diseased reported so far.   

7. Diagnostic methods for detection of abdominal angiostrongyliasis and 
eosinophilic meningoencephalitis  
Abdominal angiostrongyliasis is caused by the presence of A. costaricensis worms in the 
mesenteric arteries of the ileocecal plexus, where they cause a predominantly eosinophilic 
granulomatous reaction in the mesentery, intestinal wall and lymph nodes. Although it is 
not generally a serious disease and frequently clears up spontaneously, its evolution to 
occlusion or perforation of the intestine can lead to death (Palomino et al., 2008). The main 
clinical signs include acute eosinophilic abdominal pain and occasionally fever (Morera, 
1995). Palpation of the tumoral mass in the lower right abdominal quadrant, vomiting and 
anorexia suggest parasitism, but definitive diagnosis is only confirmed by observation of the 
worms inside the arteries after histological examination of biopsy material (Graeff-Teixeira 
et al, 1991). Laboratory diagnosis includes the serological latex agglutination test (Morera & 
Amador, 1998), enzyme-linked immunosorbent assay (ELISA) Graeff-Teixeira et al., 1997) 
and indirect immunofluorescence assay (Abrahams-Sandi et al., 2011). Nevertheless, the 
choice of the antigen and specificity of the tests need improvement.  

Presumptive diagnosis of angiostrongyliasis caused by A. cantonensis is mainly based on the 
clinical signs presented by the patients, which include eosinophilic meningitis, eosinophilic 
encephalitis and ocular angiostrongyliasis. The symptoms in general are not very specific 
and can include headache, vomiting, fever, history of paresthesia and neck stiffness 
(Sawanyawisuth & Sawanyawisuth, 2008). Results of laboratory analysis of the blood and 
cerebrospinal fluid showing readings of eosinophils above 10%, including serological tests, 
despite their low sensitivity (Eamsobhana & Yong, 2009), along with diagnosis by cerebral 
imaging, help to confirm the infection (Kampittaya et al., 2000). The information reported by 
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the patient, such as ingestion of the intermediate host snail or raw or undercooked paratenic 
hosts, is important to substantiate the diagnosis of eosinophilic meningoencephalitis caused 
by A. cantonensis. Confirmation of the parasitism by observation of the worm in the 
cerebrospinal fluid is not common (Yii, 1976; Punyagupta et al., 1975). More recently, 
infection has been confirmed by the presence of the helminth’s DNA in the cerebrospinal 
fluid by real-time polymerase chain reaction (PCR) (Lima et al., 2009). The inflammatory 
process of the subarachnoid space and meninges is accompanied by intense eosinophilia 
and associated with an elevation in the number of eosinophils in the peripheral blood and 
cerebrospinal fluid (Tseng, et al., 2011). 

8. Treatment of the infections and prophylaxis 
The use of anthelmintics such as diethylcarbamazine, thiabendazole and levamisole to treat 
abdominal angiostrongyliasis is not recommended, because it can induce erratic migration 
of the worms and/or worsening of the lesions due to the inflammatory response to the 
death of the helminths at the infection sites (Morera & Bontempo, 1985). Therefore, any time 
possible, the treatment of choice is surgery (Cépedes et al., 1967).  

The main procedure to treat eosinophilic meningoencephalitis is based on reduction of the 
symptoms by the use of analgesics and/or corticoids and careful removal of the 
cerebrospinal fluid (CSF) at frequent intervals (Slom et al., 2003). The combined use of 
albendazole and prednisolone for two weeks has been shown to be safe and effective 
(Chotmongkol et al., 2004). Generally, infections caused by A. cantonensis are slight or self-
limiting and the prognosis is good. In a few weeks most of the symptoms disappear and 
rarely leave prolonged effects.  

Prophylaxis for angiostrongyliasis requires some precautions: (a) consume snails or animals 
that can be intermediate or paratenic hosts only after adequate cooking; (b) do not consume 
raw vegetables that have not been hygienized by soaking in a sodium hypochlorite solution; 
(c) control the populations of snail vectors and synanthropic rats near houses and in planted 
fields; and (d) provide information to people on the ways A. costaricensis and A. cantonensis 
are transmitted as well as the measures to follow to minimize the risk of infection by the 
parasite.  

9. Conclusion 
Under public health point of view, the spread of A. costaricensis and A. cantonensis in the 
New World and the presence of rats and snails in the peridomestic area poses substancial 
risk for future outbreaks. Therefore, reinforce the need to awareness the population about 
the risk of contracting angiostrongyliasis and healthcare providers should consider these 
parasites in the American continent to detect in time and adequate medical response. 
Moreover, surveillance and control of intermediate and definitive host as well as health 
education should be done to avoid human infections. 

As for eosinophilic meningitis the epidemiology of its transmission has got importance for 
travel medicine currently. The increasingly widespread travel of people worldwide has led 
to the detection of many imported cases of this zoonosis and noteworthy for the differential 
diagnosis of neurological disease in travel medicine (Graeff-Teixeira et al., 2009). 
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raw vegetables that have not been hygienized by soaking in a sodium hypochlorite solution; 
(c) control the populations of snail vectors and synanthropic rats near houses and in planted 
fields; and (d) provide information to people on the ways A. costaricensis and A. cantonensis 
are transmitted as well as the measures to follow to minimize the risk of infection by the 
parasite.  

9. Conclusion 
Under public health point of view, the spread of A. costaricensis and A. cantonensis in the 
New World and the presence of rats and snails in the peridomestic area poses substancial 
risk for future outbreaks. Therefore, reinforce the need to awareness the population about 
the risk of contracting angiostrongyliasis and healthcare providers should consider these 
parasites in the American continent to detect in time and adequate medical response. 
Moreover, surveillance and control of intermediate and definitive host as well as health 
education should be done to avoid human infections. 

As for eosinophilic meningitis the epidemiology of its transmission has got importance for 
travel medicine currently. The increasingly widespread travel of people worldwide has led 
to the detection of many imported cases of this zoonosis and noteworthy for the differential 
diagnosis of neurological disease in travel medicine (Graeff-Teixeira et al., 2009). 
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1. Introduction 
Echinococcosis is a parasitic zoonosis caused by adult or larval stages of cestodes belonging 
to the genus Echinococcus (family Taeniidae). There are two major species of echinococcosis 
which are Echinococcus granulosus and Echinococcus multilocularis, which cause cystic 
echinococcosis (CE) and alveolar echinococcosis (AE), respectively. In endemic areas, the 
diseases are important for both medical and social aspects. CE and AE are both serious 
diseases, the latter especially so, with a high fatality rate and poor prognosis if careful 
clinical management is not carried out (Zhang&McManus,2006). 

The annual incidence of CE ranges from <1 to 200 per 100,000 inhabitants, whereas the 
annual incidence of AE ranges from 0.03 to 1.2 per 100,000. It may be significantly higher in 
certain endemic areas. The global human burden of CE averages 285,000 diasability-
adjusted life years (DALYs) and causes an annual economic loss of US $194,000,000. The 
mortality is also high, especially in untreated cases. The mortality, which is higher in AE 
than CE, reaches about %90 in untreated or inadequatelly treated cases of AE (Brunetti, 
2010). 

In this chapter, we evaluated this complex parazitic disease, which is a challange for the 
physicians in both diagnostic and theraupetic aspects. We also mentioned about the social 
and economic burden of the disease and investigated the control and preventive 
measures. 

2. Epidemiology 
2.1 Epidemiology of E. granulosis 

CE has a serious impact on human health and livestock production in endemic areas such as 
in South and Central America, the Middle East, some sub-Saharan African countries, China, 
and the former Soviet Union. The overall prevelance of echinococcal infection is not clear 
because of the lack of systemic population surveys.  

In some European countries or regions, the annual incidences of hospital cases of human CE 
vary between 1 and 8 per 100,000 population. High incidence rates or prevelances have also 
been recorded from countries in northern and eastern Africa (prevalences of 3%) and South 
America (for example; an annual incidence of 9.2 per 100,000 population in Uruguay in 
1995).(Eckert&Deplazes,2004) 
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adjusted life years (DALYs) and causes an annual economic loss of US $194,000,000. The 
mortality is also high, especially in untreated cases. The mortality, which is higher in AE 
than CE, reaches about %90 in untreated or inadequatelly treated cases of AE (Brunetti, 
2010). 

In this chapter, we evaluated this complex parazitic disease, which is a challange for the 
physicians in both diagnostic and theraupetic aspects. We also mentioned about the social 
and economic burden of the disease and investigated the control and preventive 
measures. 

2. Epidemiology 
2.1 Epidemiology of E. granulosis 

CE has a serious impact on human health and livestock production in endemic areas such as 
in South and Central America, the Middle East, some sub-Saharan African countries, China, 
and the former Soviet Union. The overall prevelance of echinococcal infection is not clear 
because of the lack of systemic population surveys.  

In some European countries or regions, the annual incidences of hospital cases of human CE 
vary between 1 and 8 per 100,000 population. High incidence rates or prevelances have also 
been recorded from countries in northern and eastern Africa (prevalences of 3%) and South 
America (for example; an annual incidence of 9.2 per 100,000 population in Uruguay in 
1995).(Eckert&Deplazes,2004) 



 
Zoonosis 324 

Epidemiological studies in endemic villages of Peru have shown human infection 
prevalences ranging from 5.5% to 9.1%, with the prevalence of CE in sheep and cattle as 
high as 77% and 68%, respectively(Moro et al. 2011). 

A recent surveyin Spain showed human CE annual incidence rates in the range of 1.1 to 3.4 
cases per 105 person-years, in combination with ovine or bovine CE prevalence proportions 
of up to 23%.( Benner et al.2010) 

In Chna where CE is highly endemic, farmers (76%) were the main group of echinococcosis 
patients, followed by students (12.4%), workers including those self employed (5.2%), cadres 
(4.8%) and others (2%). Females outnumbered male patients with a ratio of 1.38. For 2000, 
the population ratio showed a significantly higher morbidity in females for echinococcosis 
(Yang et al,2010). 

Cystic echinococcosis(CE)  is an endemic zoonosis in Iran particularly in rural regions. 
Harandi et al prepared a study  to determine the prevalence of CE among rural communities 
in Kerman using ultrasonography (US) and serology in southeastern Iran. Two hydatid 
cases (0.2%) were detected by ultrasound. Serological results showed 7.3% seropositivity, 
and females (8.3%) were significantly more positive than males (2.1%). There were 
significant difference between CE seropositivity and sex, age and occupation. Dog 
ownership does not appear to be a significant risk factor for CE in the region. The serological 
study showed that many people, especially women, had been exposed to Echinococcus eggs 
and had seroconverted but were not infected (Harandi et al, 2011). 

Greece is another cauntry where national surveillance programmes are running for Cystic 
echinococcosis. The prevelance of human hydatidosis, declined from an annual incidence of 
14.8 per 100,000 inhabitants during 1967-1971 to 0.3 in 2008.  Late surveys revealed that in 
Greece the prevalence of echinococcosis was 23-39.2% for sheep, 7.6-14.7% for goats, 0% in 
cattle and 0.6% in pigs (Sotirakis&Chaligiannis,2010). 

The prevelance of CE in sheep reported to European Food Safety Authority (EFSA) in 2008 
is  4.3% in Bulgaria, 11.3% in Italy , 6.7% in Poland  and 5% in Romania. High levels of sheep 
CE were also reported in Portugal and Greece in 2007 (9.4% and 3.9%, respectively) 
(http://www.efsa.europa.eu/en/scdocs/scdoc/1496.htm) 

Mastin et al. evaluated the prevalence of canine echinococcosis by using coproantigen in 
mid/south Wales. The coproantigen prevalence identified in dogs was 10.6% , with 20.6%  
of farms  containing at least one coproantigen-positive dog (Mastin et al, 2011).  

2.2 Epidemiology of E. multilocularis 

Although generally rare, AE deserves public health attention due to the high fatality rate of 
untreated patients and the high costs of treatment. Echinococcus multilocularis occurs 
across the Northern Hemisphere, in parts of central Europe, Russia, western China, areas of 
North America, and Northern Africa. In Europe, the endemic area of Echinococcus 
multilocularis covers parts of the western continent (France, Benelux States) and all 
countries of central Europe, including the Baltic States. Furthermore, foci exist in Denmark 
and on the Norwegian Svalbard Island In Eastern Europe, Russia belongs to the endemic 
area, and the parasite has also been found in Byelorussia, Ukraine, Moldavia, and 
Armenia(Jenkins et al,2005). 
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Ultrasonographic and immunodiagnostic surveys (1991 to 1997) have revealed a very high 
prevalence within a focus in China, where 135 (4%) of 3,331 people examined had 
documented AE (Craig et al,2000). A recent study from Western China including the Tibetan 
Plateau reported total prevalence rate of 8.1% (3.9% for alveolar echinococcosis and 4.2% for 
cystic echinococcosis) which is the highest level for echinococcosis ever reported in the 
world (Li et al,2010).  

3. Pathogenesis 
3.1 Pathogenesis of E. granulosus 

The hydatid cyst has three layers:  

1. The outer pericyst is a dense and fibrous zone and composed of modified host cells. It is 
the protective layer.  

2. The middle is the laminated membrane. It is acellular and allows the passage of 
nutrients. 

3. The inner layer is the germinative layer which gives rise to the hydatid fluid and small 
secondary cysts (brood capsules) which bud internally from this layer. Fragmentation 
of the germinative layer and brood capsules gives rise to daughter cysts. These may 
develop within the original cyst or separately. 

The middle laminated membrane and the germinal layer form the true wall of the cyst, 
usually referred to as the endocyst, although the acellular laminated membrane is 
occasionally referred to as the ectocyst (Pedrosa et al,2000).  Daughter vesicles (brood 
capsules) are small spheres that contain the protoscolices and are formed from rests of the 
germinal layer. 10-12 months after infection, protoscolices are produced in broad capsules. 
Cysts containing protoscolices are fertile and can produce daughter cysts, whereas cysts 
without protoscolices are sterile. Before becoming daughter cysts, these daughter vesicles 
are attached by a pedicle to the germinal layer of the mother cyst. At gross examination, the 
vesicles resemble a bunch of grapes. Daughter cysts may grow through the wall of the 
mother cyst, particularly in bone disease (Pedrosa et al,2000) 

The pattern of E. granulosus infection varies in different geographic regions and among 
different populations. Among patients in Turkana, Kenya, for example, many cysts are 
large, unilocular and fertile. In contrast, cysts among individual in the northern hemisphere 
tend to be calcified, small, and infertile. The time between infection and diagnosis, 
intraspecies variation of the parasite and host differences (immunologic, genetic and/or 
nutritional) can influence these variations (Eckert&Deplazes,2004). 

3.2 Pathogenesis of E. multilocularis  
E. multilocularis can cause severe infection in humans. The metacestode tissue invades and 
destroys tissue, extends beyond organ borders into adjacent structures, and can metastasize 
to distant sites. In macroscopic sections of the human liver, the metacestodes of E. 
multilocularis exhibit an alveolar spongy structure composed of numerous irregular vesicles 
with diameters between less than 1 and 20 mm. There is no sharp demarcation from 
surrounding organ tissue. The vesicles are embedded in a very dense and hard fibrous 
stroma so, fibrosis and in some cases central necrosis are hallmarks of alveolar 
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echinococcosis. The lack of limiting membrane allows exogenous budding, proliferation and 
infiltration into adjacent tissues, resulting in necrosis of surrounding host tissue. 
(Ammann& Eckert,1996; Kern 2010). 

In the human host, there may be adjacent organ metastases (gall bladder, pancreas, 
diaphragm,etc.)  or spread to distant localizations (lungs, bones, muscles, skin, brain, spine, 
etc.) by haematogenous or lymphatic route. The morphological structure of the E. 
multilocularis metacestode in other organs is essentially similar to that in the liver. 

Microscopically, the cysts are composed of a thin laminated layer with minimal or no 
germinative layer.  Brood capsules and protoscolices form in less than 10 percent of these 
cysts. The metacestode of E. multilocularis proliferate either by exogeneous budding and 
separation of smaller daughter vesicles from larger old ones, or by endogenous formation of 
small daughter vesicles originating from the germinal layer of older large vesicles (Hemphil 
et al 2010). Metacestodes can die spontaneously, followed by degeneration (Rausch et al, 
1987). 

4. Genetic variation and immunity 
E granulosus shows genetic variations which are important for the formation of different 
strains. There are 10 distinct genetic types of E Granulosis ( genotypes G1-10 ) with different 
biological properties important for life cycle patterns, host specificity, development rate, 
antigenicity, transmission dynamics, sensitivity to chemotherapeutic agents and pathology 
with important implications for the design and development of vaccines, diagnostic 
reagents and drugs (Zhang&McManus,2006).On the other hand, E multilocularis lacks this 
property and exhibit limited genetic variation. 

Echinococcosis is mostly asymptomatic for a long period after infection but hosts’ immune 
responce is continuous. 

4.1 Immune responce against Cystic Echinococcosis (CE) 

The immune responce against early E. granulosus infection begins after the oncosphere 
locates a target organ and forms hydatid cyst that causes infiltration of macrophages and 
eosinophil cells, and low-level polarized Th1 responses (Zhang&McManus,2006). This 
generally does not result in a severe inflammatory response and aged cysts tend to become 
surrounded by a fibrous layer that separates the laminated layer from host tissue. Antibody 
responses are also weak and are, normally, undetectable in the early two to three weeks 
following infection ( Zhang et al, 2003). 

As the parasite grows, it produces significant quantities of antigens that modulate the 
immune responses which include polarized Th2 responses, balanced with Th1 responses. 
Elevation of IL-4, IL-5, IL-6 and IL-10 also has been recorded in most hydatid patients where 
cytokine levels have been measured. In addition, IgG, especially IgG1 and IgG4, IgE and 
IgM are elevated as the cyst grows and becomes established. When a cyst dies naturally, is 
killed by chemotherapy treatment or is removed by surgery, Th2 responses drop rapidly, 
and Th1 responses become dominant. This can be interpreted as Th1 lymphocytes 
contribute significantly to the inactive stage of hydatid disease, with Th2 lymphocytes being 
more important in the active and transitional stages.  IgG levels can be maintained in 
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humans for several years after the cyst has been removed. In case of relaps, the Th2 
responses regenerate very quickly. (Zhang&McManus,2006). These patients have high levels 
of IgE and IgG4, increased levels of IL-5, IL4, and IL-10, and low levels of IFN-γ compared 
to patients with a primary infection (Rigano et al,1995a; Rigano et al,1996). Patients with a 
primary infection have higher levels of IL-2, IFN-γ, and IL-5. The high level of IL-5 is in 
agreement with the high levels of IgG4 and IgE observed (Rigano et al,1996). There is a 
significant correlation between IgE and IgG4 production in sera from patients with hydatid 
disease and a trend toward increased IL-4 and IL-10 levels in patients who are high 
producers of IgE and IgG4 ( Rigano,1995b;  Zang et al, 2003) Serum IL-4 may be a useful 
marker for the follow up of patients with CE (Rigano et al, 1999). 

Eosinophilis and  high levels of IgE are the common consequences of infection by helminths 
(Bell,1996; Capron,1992). They may be important as a defense against the tissue stages of 
parasites that are too large to be phagocytosed (Haynes,1990). IgE-dependent mast cell 
reaction can be involved both in localization of eosinophils near the parasite and enhancing 
their antiparasitic functions (Bell,1996). Eosinophils are less phagocytic than neutrophils, 
but, like neutrophils, they can kill larval stages of parasites such as Echinococcus.  Their 
activities are also enhanced by cytokines (Rainbird et al,1998; Meeusen&Balic, 2000). 

4.2 Immune responce against Alveolar Echinococcosis (AE) 

Human AE is a chronic and often fatal disease which is characterized by slowly developing 
cysts, mainly in the liver. It destroys the liver parenchyma, bile ducts and blood vessels 
forming necrotic cavities, causes biliary obstruction and portal hypertension. Like CE 
infection, Th1 responses predominate in the early stages of AE infection, with the immune 
response switching to a Th2 polarized profile in later progression (Zhang &McManus ,2006; 
Wei et al, 2004).  Pathological examination of AE infection shows  large granulomatous 
infiltrate surrounding the parasitic lesions (Vuitton et al., 1989; Ricard-Blum et al., 1996; 
Grenard et al., 2001).The cells involved in the formation of the periparasitic granuloma are 
mainly macrophages, myofibroblasts and T lymphocytes. In patients with abortive or dead 
lesions, a large number of CD4 T lymphocytes are present, whereas patients with active 
metacestodes display a significant increase in activation of predominantly CD8 T cells 
(Manfras et al., 2002), indicating that CD4 T cells play a role in the killing mechanism. In the 
absence of T cells, the cellular immune response to infection decreases that will disturb the 
hepatic granuloma formation. Today it is known that CD4 T cells play in limiting E. 
multilocularis proliferation, while CD8 T and B cells appeared to play a minor role in the 
control of parasite growth. (Dai et al 2004) 

Significantly higher levels of IL-10  and IL-5 have been found in AE patients than in controls 
(Wellinghausen et al,1999; Sturn et al,1995; Riley et al,1985) . In contrast, IL-4 was 
measurable in only a minority of patients and controls. IL-12 levels were comparable 
between AE patients and controls and showed a similar distribution pattern to IL-10 with 
regard to disease progression (Zang et al,2003) AE patients experiencing a relapse of the 
disease have a tendency to increased production of IL-5 but lower IFN-γ_ production 
accompanied by significantly higher levels of IgE and IgG4 compared to patients with a 
primary infection (Godot et al,1997). 

One of the most important issue about E. multilocularis is the interplay between the 
immunity of the host and the parasite. The disease spectrum is clearly dependent on the 
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genetic background of the host as well as on acquired disturbances of Th1-related immunity. 
The laminated layer of the metacestode, and especially its carbohydrate components, plays a 
major role in tolerance induction. Th2-type and anti-inflammatory cytokines, IL-10 and 
TGF-beta, as well as nitric oxide, are involved in the maintenance of tolerance and partial 
inhibition of cytotoxic mechanisms. The production of nitric oxide by intraperitoneal 
macrophages of mice during secondary infection with Echinococcus multilocularis mediates 
immunosuppression at early and late stages of infection. Results of these studies in the 
experimental mouse model and in patients suggest that immune modulation with cytokines, 
such as interferon-alpha, or with specific antigens could be used in the future to treat 
patients with alveolar echinococcosis and/or to prevent this very severe parasitic disease 
(Dai et al,2003; Vuitton&Gottstein,2010) 

5. Life cycle and transmission 
The life cycle of Echinococcus includes a definitive host (usually dogs or related species) and 
an intermediate host (herbivores such as sheep, horses, cattle, pigs, goats and camels,etc ). 
Humans are incidental hosts; they do not play a role in the transmission cycle. E. granulosus 
adult tapeworms are usually found in dogs or other canids. E. multilocularis adult 
tapeworms are usually found in foxes, other canids, or occasionally cats. 

The tapeworm of E. granulosus in definitive host is composed of at least three proglottid 
segments which have both male and female sexual organs, which are about 2-7 mm long. 
They can produce thousands of parasite eggs 30 to 40 µm in size containing embryos 
(oncospheres).  Gravid proglottids or released eggs are shed in the faeces and, following 
their ingestion by a human or ungulate host, an oncosphere larva is released that penetrates 
the intestinal epithelium into the lamina propria. This is then transported passively through 
blood or lymph to the target organs where it develops into a hydatid cyst.  About 5 days 
after ingestion of eggs of E. granulosus, the metacestode forms. It is a small vesicle which is 
about 60 to70 mm in diameter consisting of an internal cellular layer (germinal layer) and an 
outer acellular, laminated layer. Endocyst gradually expands and induces a granulomatous 
host reaction, followed by a fibrous tissue reaction and the formation of a connective tissue 
layer (pericyst). E. granulosus cysts in the human body is highly variable in size and usually 
ranges between 1 and 15 cm but much larger cysts (20 cm in diameter) may also ocur 
(Ammann&Eckert,1996; Eckert&Plazes ,2004). 

E. multilocularis worms are up to 4 mm long with two to six proglottic segments. The 
metacestode stage of E. multilocularis is a tumor-like multivesicular, infiltrating structure 
consisting of numerous small vesicles embedded in stroma of connective tissue; the larval 
mass usually contains a semisolid matrix rather than fluid (Eckert & Plazes, 2004). This 
exogenous tumour-like proliferation, which leads to infiltration of the affected organs and, 
in progressive cases, to severe disease and even death. The single vesicle has a wall structure 
similar to that of the metacestode of E. granulosus (germinal and laminated layer). 

E. granulosus eggs can survive under humid conditions for several weeks or months in areas 
of warm and cold climates,but they are sensitive to desiccation (Eckert et al,2001). Eggs of E. 
multilocularis remain infective for approximately 1 year in a suitable, moist environment at  
lower temperatures, but they are sensitive to desiccation and high temperatures (Veit et 
al,1995). These eggs can survive at(-) 50°C for 24 h but are killed at (-) 
70°C within 96 h and at (-)80 to (-)83°C within 48 h. Deep-freezing at (-)70°C for at least 4 
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days or at (-)80°C for at least 2 days is recommended for inactivating E. multilocularis eggs in 
carcasses or intestines of final hosts or in fecal material before examination in the laboratory.  

Humans acquire primary CE by oral uptake of E. granulosus eggs excreted by infected 
carnivores. The infection may be acquired by handling infected definitive hosts, egg-
containing feces, or egg-contaminated plants or soil followed by direct hand-to-mouth 
transfer . Transmission frequently occurs in settings where dogs eat the viscera of 
slaughtered animals. The dogs then excrete infectious eggs in their feces, which are passed 
on to other animals or humans via fecal-oral transmission. This may occur via 
environmental contamination of water and cultivated vegetables, or contact between 
infected domestic dogs and humans (often in children). It has been shown that Echinococcus 
eggs adhere to the coat of dogs, particularly to the hairs around the anus and on the thighs, 
muzzles, and paws. It is generally assumed that humans can become exposed to the eggs of 
E. multilocularis by handling infected definitive hosts or by ingesting food or water 
contaminated with eggs. Direct transmission of echinococcosis from human to human does 
not occur since two mammalian species are required for completion of the life cycle. 
Prenatal transfer of E. granulosus does not play a role (Conn,1994; Eckert et al, 2001). 

The identification of risk factors of transmission is also an important issue. In a case-control 
study in Argentina, spending the first years of life surrounded by a large number of dogs 
was found to be an important risk factor (Larrieu et al,2002). In Tibetan aeras of China 
(Sichuan), increased risks for CE were associated with nomadic life, age, playing with dogs, 
not protecting food from flies, and raising yaks or sheep (Wang et al,2001). In another study, 
risk factors for human cystic echinococcosis were found to be pastoral occupation,  history 
of dog ownership, poor education, age, sex, and drinking water source (McManus,2003). 

Domestic dogs and cats can also be infected with E. multilocularis. In a previous study in 
France, 5.6% of 36 dogs were identified as carriers of E. multilocularis, and in a further five 
studies in Germany and France, 0.5 to 3.7% of cats (58 of 498) were identified (by necropsy) 
as carriers (Eckert et al,2000). In an area of endemic infection in eastern Switzerland with an 
average prevalence of E. multilocularis in foxes of approximately 33%, only 0.30% of 660 dogs 
and 0.38% of 265 cats from “normal” populations were parasite carriers (Deplazes,1999). 
Dogs are highly susceptible to E. multilocularis, but cats appear to have a lower and a more 
variable degree of susceptibility, as observed both in several older and in more recent 
experimental studies (Jenkins&roming,2000). However, naturally infected cats can harbor 
small numbers of E. multilocularis worms containing fully developed eggs and are therefore 
potential sources of infection. 

6. Clinical aspects of Echinococcus disease 
6.1 Clinics in Echinococcus granulosus  

CE can be seen in all age groups. In endemic areas, most hospital cases are recorded in the 
age groups between 21 and 40 years. Many infections are acquired in childhood but do not 
cause clinical manifestations until adulthood. The initial phase of primary infection is 
always asymptomatic. Latent periods may be very long such as 50 years. An analysis of 
8,596 individuals in areas of endemic infection in Uruguay has revealed a significant age 
dependent increase of hepatic cysts detectable by ultrasonography from 0.33% in the age 
group from 0 to 9 years to 3.80% in the age group from 70 to 79 years. Similar observations 
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were made in other areas of endemic infection. Morbidity is higher in younger individuals 
aged between 6 and 20 years (Eckert&Deplazes,2003) 

The cysts of E granulosis may grow at a rate of 1-5 cm yearly or may persist without 
changes for years (Brunetti et al,2010). Hydatid cysts can be found in any part of the body, 
but liver is the most affected organ (Figure 1). Lung, brain, muscle, kidney, bone, heart and 
pancreas can be involved also. Up to 80% of patients infected with E granulosus have single 
organ involvement and a solitary cyst located in the liver (Yang et al,2006;) or lung 
(Brunetti&Junghanss,2009). The clinical presentation of E. granulosus infection depends 
upon the site of the cysts and their size. Small and/or calcified cysts may remain 
asymptomatic indefinitely. In larger cysts, there may be symptoms due to compression or 
rupture into neighbouring structures. (Brunetti et al,2010). 

 
Fig. 1. CT examination shows two hypodense cystic liver lesions. Well defined fluid 
collections, consistent with cyst hydatid. 

6.1.1 Liver involvement  

E. granulosus infection of the liver frequently produces no symptoms. The right lobe is 
affected in 60 to 85 percent of cases. Significant symptoms are unusual before the cyst has 
reached at least 10 cm in diameter. The rate of growth of cysts is variable depending on the 
strain differences and the organ involved. Typical measurements state that the average cyst 
growth is 1 cm to 1.5 cm/year. Moreover, small, well-encapsulated, or calcified cysts 
typically do not elicit major pathology. Hydatid hepatic cyst symptoms include pain in the 
upper abdominal region, hepatomegaly, cholestasis, biliary cirrhosis, portal hypertension, 
and ascites. Serious complications include cyst rupture either into the peritoneal cavity 
resulting in anaphylaxis or secondary cystic Echinococcosis, cyst rupture into the biliary tree 
resulting in cholangitis and cholestasis. Secondary bacterial infection of the cysts can result 
in liver abscesses.(Scherer et al,2009) 

In a study of Avgerinos et al. where they shared their 20 year experience with liver 
hydatidosis, the presenting symptoms or findings leading to the diagnosis of liver 
echinococcosis were jaundice (six cases, 17%), abdominal pain (five cases, 14%), 
gastrointestinal discomfort of the upper abdomen (e.g. nausea, vomiting, distention, anorexia) 
(two cases, 6%), acute pancreatitis (one case, 3%) and portal hypertension (one case, 3%). The 
rest of the cases were diagnosed incidentally (20 cases, 57%). (Avgerinos et al,2006) 
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6.1.2 Lung involvement  

The ratio of lung:liver involvement is higher in children than in adults. Most pulmonary 
cases are discovered incidentally on routine radiograph evaluation; also most infected 
individuals remain asymptomatic until the cyst enlarges sufficiently to cause 
symptoms(Santivanez &Garcia,2010). Approximately 60 percent of pulmonary hydatid 
disease affects the right lung and 50 to 60 percent involve the lower lobes. Multiple cysts are 
common. Approximately 20 percent of patients with lung cysts also have liver cysts. 
Symptoms are usually caused by mass effect from the cyst. Complications such as cyst 
rupture and aggregated infection change the clinical presentation, producing cough, chest 
pain, hemoptysis, or vomiting. If cysts rupture into the pleural space, a pleural effusion or 
empyema may develop. Diagnosis is obtained by chest radiographs or computed 
tomography, and supported by serology. (Baden&Elliot,2003; Santivanez &Garcia,2010) 

6.1.3 Other organs 

Involvement of heart, central nervous system, kidneys, bone and eye have been reported in 
the literature. Echinococcal infections of these organs are rare but can lead to significant 
morbidity and mortality.Cardiac involvement is a rare, but potentially a very serious 
complication of the hydatid disease. The diagnosis of cardiac cyst hydatid may be difficult 
due to the nonspecific symptoms and varying clinical presentations. The most common 
localizations within the heart are left ventricle, interventricular septum, right ventricle, 
pericardium and right or left atrium. Infection of the heart can result in mechanical rupture 
with widespread dissemination or pericardial tamponade (Demircan et al,2010) 

Cerebral hydatid cysts are usually supratentorial, whereas infratentorial lesions are quite 
rare. Clinically the disease presents as intracranial space occupying lesion and is more 
common in children. It can produce symptoms such as seizures and stroke(Ali et al,2009). 

Cysts in the kidney can cause hematuria or flank pain, immune complex-mediated disease, 
glomerulonephritis leading to the nephrotic syndrome, and secondary amyloidosis (Gogus 
et al,2003; Gelman et al,2000) (Figure 2).  

           
Fig. 2. A,B: MRI T2W coronal and axial images show a heterogenous semisolid cyst hydatid 
lesion (Gharbi type 4, WHO CE4) with hyperintense cystic  areas located at the left kidney. 
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Bone involvement is rare (0.2-4%), affecting the spine in almost half of the cases. The other 
localizations are pelvis and long bones. The disease is usually silent until a complication 
such as paraplegia or pathologic fracture occurs. Many cases are diagnosed intraoperatively. 
Pre-operative diagnosis is based on radiological findings and serological assays 
(Papanikolaou,2008). 

Ocular cysts also occur(Schallenberg et al,2007). 

Cyst rupture is another severe complication of cyctic echinococosis. Acute hypersensitivity 
reactions including anaphylaxis, may be the principal manifestations of cyst rupture. Fever 
can be seen. Hypersensitivity reactions are related to the release of antigenic material and 
secondary immunologic reactions 

Calcification occurs mostly with hepatic cyst but can also be seen in pulmonary or bone 
cysts. It usually requires five to 10 years to develop. Total calcification of the cyst wall 
suggests that that the cyst may be nonviable. 

6.2 Clinics in Echinococcus multilocularis  

Alveolar echinococcosis is characterized by an initial asymptomatic incubation period of 5–
15 years and a subsequent chronic course. The infection may persist for years within an 
initial phase and might be detected by chance or during screening programmes. The most 
common presenting complaints include malaise, weight loss and right upper quadrant 
discomfort due to hepatomegaly. Later, severe hepatic dysfunction occurs and is often 
associated with portal hypertension. Cholestatic jaundice, cholangitis and the Budd-Chiari 
syndrome can also occur(Kern,2010). 

Alveolar echinococcosis is a rare chronic and progressive disease, which can involve mostly 
liver and in rare cases lung and brain. It devolops predominantly in the right lobe, from foci 
of a few millimetres to areas of 15–20 cm in diameter, sometimes with central necrosis. Giant 
lesions are reported occasionally (Yapici et al,2011). 

Rarely, parasitic cysts may cause compression and thrombosis of the hepatic venous outflow 
tract. It may present as portal hypertension and variceal upper gastrointestinal bleeding 
(Dulger et al,2010).  

Extrahepatic primary disease is very rare (1 percent of cases). Thirteen percent of cases 
present as multiorgan disease where metacestodes involve the lungs, spleen,bone or brain in 
addition to the liver. In patients with cerebral alveolar echinococcosis, neurological 
symptoms prevailed, such as headache, seizures, vomiting, blindness, left face numbness, 
aphasia, or ataxia(Kern,2010). 

Immunodeficiency, such as HIV or transplantation, may accelerate the manifestations of 
alveolar echinococcosis. If left untreated, mortalitiy is high( more than 90 percent of patients 
will die within 10 years of the onset of clinical symptoms, and virtually 100 percent by 15 
years). Since treatment with albendazole has been introduced, the prognosis has improved 
considerably 

In a recent study from France, where 362 patients with AE were evaluated. 83%of the 
patients were  presented with clinical patterns evocative either of a digestive or a hepatic 
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disorder. Other symptomatic patients presented with  clinical pictures, generally due to 
metastasis or extra-hepatic location of the parasite. Except for a few patients with 
particularly severe AE who died shortly after the diagnosis, most patients were treated 
using benzimidazoles and  their mortality tends to merge with that of the general French 
population, matched by sex, age, and calendar year (Piarroux et al,2011). 

7. Diagnosis 
7.1 Diagnosis of Echinococcus granulosus 

7.1.1 Routine laboratory tests  

Nonspecific leukopenia or thrombocytopenia, mild eosinophilia, and nonspecific liver 
function abnormalities may be detected, but are not diagnostic. Eosinophilia is seen in 15% 
of cases and generally occurs only if there is leakage of antigenic material. 

7.1.2 Imaging  

Computed tomography (CT) scanning, magnetic resonance imaging (MRI), and ultrasound 
are used to detect hydatid cysts and to evaluate their characteristics. Ultrasound is 
employed most widely because it is easy to perform and less expensive. 

Plain radiography may reveal calcification within a cyst, but cannot detect uncalcified cysts 
and is not the imaging technique of choice. 

7.1.2.1 Ultrasound  

US examination is the basis of CE diagnosis in abdominal locations, at both the individual 
and population levels (Macpherson and Milner, 2003). It has a sensitivity of approximately 
90 to 95 percennt. US may visualize cysts in liver or in other organs, including lung when 
cysts are peripherally located (El Fortia et al.2006). The most common appearance on 
ultrasound is an anechoic smooth, round cyst, which can be difficult to distinguish from a 
benign cyst. When the liver cyst contains membranes, mixed echoes will appear that can be 
confused with an abscess or neoplasm. Internal septations are due to daughter cysts. 
Pulmonary lesions may be single or multiple, usually do not calcify, rarely lead to daughter 
cyst formation, and may contain air if the cyst has ruptured. 

The ultrasonographic (US) appearance of hydatid cysts may vary. The cyst wall usually 
manifests as double echogenic lines separated by a hypoechogenic layer. Simple cysts do not 
demonstrate internal structures, although multiple echogenic foci due to hydatid sand may be 
seen within the lesion by repositioning the patient. The term "hydatid sand," reflects a complex 
image which consists predominantly of hooklets and scolexes from the protoscolices. This 
finding may be visible when shifting the patient's position during imaging. The echogenic foci 
quickly fall to the most dependent portion of the cavity without forming visible strata. This 
finding has been referred to as the snowstorm sign (Pedrosa et al,2000).  

US is the most sensitive modality for the detection of membranes, septa, and hydatid sand 
within the cyst. US also allows for the classification of the cyst(s) by biologic activity. Cyst 
may be active, transitional, or inactive. An inactive lesion include a collapsing, flattened 
elliptical cyst which means low pressure within the cyst, detachment of the germinal layer 
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function abnormalities may be detected, but are not diagnostic. Eosinophilia is seen in 15% 
of cases and generally occurs only if there is leakage of antigenic material. 

7.1.2 Imaging  

Computed tomography (CT) scanning, magnetic resonance imaging (MRI), and ultrasound 
are used to detect hydatid cysts and to evaluate their characteristics. Ultrasound is 
employed most widely because it is easy to perform and less expensive. 

Plain radiography may reveal calcification within a cyst, but cannot detect uncalcified cysts 
and is not the imaging technique of choice. 

7.1.2.1 Ultrasound  

US examination is the basis of CE diagnosis in abdominal locations, at both the individual 
and population levels (Macpherson and Milner, 2003). It has a sensitivity of approximately 
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cysts are peripherally located (El Fortia et al.2006). The most common appearance on 
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finding may be visible when shifting the patient's position during imaging. The echogenic foci 
quickly fall to the most dependent portion of the cavity without forming visible strata. This 
finding has been referred to as the snowstorm sign (Pedrosa et al,2000).  
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from the cyst wall, coarse echoes within the cyst, and calcification of the cyst Wall (Salama et 
al,1995; Suwan,1995). Detachment of the endocyst from the pericyst is probably related to 
decreasing intracystic pressure, degeneration, host response, trauma, or response to therapy. 
Complete detachment of the membranes inside the cyst has been referred to as the US water 
lily sign because of its resemblance to the radiographic water lily sign in pulmonary cysts. 
Cysts with a calcified rim may have an "eggshell" appearance.  

Multivesicular cysts manifest as well-defined fluid collections in a honeycomb pattern with 
multiple septa representing the walls of the daughter cysts. Daughter cysts appear as cysts 
within a cyst. The matrix represents hydatid fluid containing membranes of broken 
daughter vesicles, scolices, and hydatid sand. Membranes within the matrix can be seen as 
serpentine linear structures and this finding is highly specific for hydatid disease. 

When the matrix fills the cyst completely, a mixed echogenic pattern is created that mimics a 
solid mass. Daughter vesicles or membranes are very important images for differential 
diagnosis of the lesion. Cyst calcification usually occurs in the cyst wall, although internal 
calcification in the matrix may also be seen. When the cyst wall is heavily calcified, only the 
anterior portion of the wall is visualized and appears as a thick arch with a posterior 
concavity. Partial calcification of the cyst can not be assumed as the death of the parasite but 
densely calcified cysts are mostly inactive.  

There are some classification systems based upon ultrasound appearance: One is the Gharbi 
classification, which divides cysts into five types (Gharbi,1981). Type I cysts consist of pure 
fluid (Figure 3); type II have a fluid collection with a split wall; type III cysts contain 
daughter cysts (with or without degenerated solid material); type IV have a heterogeneous 
echo pattern (Figure 4); and type V have a calcified wall.  

In 1995, the WHO-IWGE developed a standardised classification that could be applied in all 
settings allowing grouping of the cysts into three relevant groups: active (CE1 and 2), 
transitional (CE3) and inactive (CE4 and 5) (WHO and Echinococcosis, 2003). 
 

 
 

Fig. 3. A: B-mode ultrasonography demonstrating an anechoic, smooth cyst located at the 
right lobe of the liver: Cyst Hydatid (Gharbi type 1, WHO; CE 1). The cyst wall manifests as 
double echogenic lines separated by a hypoechogenic layer (arrows). 
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Fig. 3. B: Cyst volume: 1386 cc. Arrows indicating cyst wall. 

 
Fig. 4. MRI T2W image shows a hyperintense heterogenous cyst hydatid (Gharbi Type 4, 
WHO CE 4) (arrows) located at right liver lobe. 
 

 
Table 1. Comparison of Gharbi’s and WHO-IWGE ultrasound classification. (Brunetti,2010) 
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Fig. 3. A: B-mode ultrasonography demonstrating an anechoic, smooth cyst located at the 
right lobe of the liver: Cyst Hydatid (Gharbi type 1, WHO; CE 1). The cyst wall manifests as 
double echogenic lines separated by a hypoechogenic layer (arrows). 
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Fig. 3. B: Cyst volume: 1386 cc. Arrows indicating cyst wall. 

 
Fig. 4. MRI T2W image shows a hyperintense heterogenous cyst hydatid (Gharbi Type 4, 
WHO CE 4) (arrows) located at right liver lobe. 
 

 
Table 1. Comparison of Gharbi’s and WHO-IWGE ultrasound classification. (Brunetti,2010) 
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WHOIWGE classification differs from Gharbi’s classification introduced in 1981 by adding a 
“cystic lesion” (CL) stage (undifferentiated), and by reversing the order of CE Types 2 and 3 . 
CE3 transitional cysts may be differentiated into CE3a (with detached endocyst) and CE3b 
(predominantly solid with daughter vesicles) ( Junghanss et al et al. 2008). CE1 and CE3a are 
early stages and CE4 andCE5 late stages. 

7.1.2.2 Computed tomography  

CT is indicated in cases in where US could not be used due to patient-related difficulties such 
as obesity, excessive intestinal gas, abdominal wall deformities, previous surgery or disease 
complications. It has a high sensitivity and specificity for hepatic hydatid disease (Figure 5). 
Intravenous administration of contrast material is not necessary unless complications are 
suspected, especially infection and communication with the biliary tree. CT is best in showing 
cyst wall calcification, cyst infection and peritoneal seeding( Ilica et al,2007). 

  
Fig. 5. A, B:  CT axial (A) and coronal (B) images show hyperdense calcified cyst hydatid 
(arrows) (Gharbi type 5, WHO CE 5) located at the left liver lobe. Another smaller 
hypodense cyst hydatid lesion (arrowhead) can be seen on the coronal plane. 

CT may show hepatic cystic lesion which includes many small round shaped cystic lesions 
that have a lower density of inner substance than the density of the inner substance of the 
mother cystic lesion. The presence of daughter cysts is a pathognomonic sign of the cystic 
hydatid nature, and these CT findings are thought to be specific for cystic echinococcosis in 
spite of the low appearance rate of 30%. (Ohnishi et al,2008) 

In one study, ultrasound performed better than CT in the investigation of the cyst wall, 
hydatid sand, daughter cysts, and splitting of the cyst wall, while CT was superior in 
detecting gas and minute calcifications within the cysts, in attenuation measurement, and in 
anatomic mapping. Detachment of the laminated membrane from the pericyst can be 
visualized as linear areas of increased attenuation within the cyst. Daughter vesicles 
manifest as round structures located peripherally within the mother cyst. 

Extrahepatic abdominal hydatid lesions have nearly identical imaging features, including 
the presence of cyst wall calcification, daughter cysts, and membrane detachment. The 
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combinations of radiologic and serologic tests especially in patients living in the endemic 
areas contribute to the diagnosis( Ohnishi et al,2008; Ilica et al,2007). 

7.1.2.3 Magnetic Resonance Imaging (MRI) 

MRI shows the characteristic low-signal-intensity rim of the hydatid cyst on T2-weighted 
images(Reiterova,2005). It probably represents the outer layer of the hydatid cyst (pericyst), 
which is rich in collagen and is generated by the host. Although cyst wall calcification is 
more clearly depicted at CT, MR imaging is superior in demonstrating irregularities of the 
rim. These irregularities probably represent incipient detachment of the membranes (Davilo 
et al,1990) (Figure 6).   

   
Fig. 6. A,B: MRI T2W (A) and Heavy T2W (B) images show  hypointense cyst hydatid lesion 
with  a hyperintense split wall  located at the left liver lobe (Gharbi Type 2, WHO C3a). 

According to WHO, computed tomography and magnetic resonance imaging, and if 
possible cholangiopancreatography (MRCP) are indicated in 

1. Subdiaphragmatic location,  
2. Disseminated disease,  
3. Extraabdominal location,  
4. In complicated cysts (abscess, cysto-biliary fistulae) and 
5. Pre-surgical evaluation.  

Whenever possible, MR imaging should be preferred to CT due to better visualization of 
liquid areas within the matrix (Hosch et al, 2008). 

Other imaging techniques such as cholangiography may be indicated to diagnose biliary 
involvement, particularly in patients with cholestatic jaundice. ERCP can be performed in 
patients with liver cysts prior to intervention.  

7.1.3 Serology  

Sensitivity of serum antibody detection using indirect hemagglutination, enzyme-linked 
immunosorbent assay (ELISA), or latex agglutination, with hydatid cyst fluid antigens, 
ranges between 85 and 98% for liver cysts, 50–60% for lung cysts and 90–100% for multiple 
organ cysts (Siracusano and Bruschi, 2006; Ito and Craig, 2003; Siles-Lucas and Gottstein, 
2001). Detection of circulating E. granulosus antigens in serum is less sensitive than antibody 
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early stages and CE4 andCE5 late stages. 
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Intravenous administration of contrast material is not necessary unless complications are 
suspected, especially infection and communication with the biliary tree. CT is best in showing 
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(arrows) (Gharbi type 5, WHO CE 5) located at the left liver lobe. Another smaller 
hypodense cyst hydatid lesion (arrowhead) can be seen on the coronal plane. 
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that have a lower density of inner substance than the density of the inner substance of the 
mother cystic lesion. The presence of daughter cysts is a pathognomonic sign of the cystic 
hydatid nature, and these CT findings are thought to be specific for cystic echinococcosis in 
spite of the low appearance rate of 30%. (Ohnishi et al,2008) 

In one study, ultrasound performed better than CT in the investigation of the cyst wall, 
hydatid sand, daughter cysts, and splitting of the cyst wall, while CT was superior in 
detecting gas and minute calcifications within the cysts, in attenuation measurement, and in 
anatomic mapping. Detachment of the laminated membrane from the pericyst can be 
visualized as linear areas of increased attenuation within the cyst. Daughter vesicles 
manifest as round structures located peripherally within the mother cyst. 

Extrahepatic abdominal hydatid lesions have nearly identical imaging features, including 
the presence of cyst wall calcification, daughter cysts, and membrane detachment. The 
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combinations of radiologic and serologic tests especially in patients living in the endemic 
areas contribute to the diagnosis( Ohnishi et al,2008; Ilica et al,2007). 

7.1.2.3 Magnetic Resonance Imaging (MRI) 

MRI shows the characteristic low-signal-intensity rim of the hydatid cyst on T2-weighted 
images(Reiterova,2005). It probably represents the outer layer of the hydatid cyst (pericyst), 
which is rich in collagen and is generated by the host. Although cyst wall calcification is 
more clearly depicted at CT, MR imaging is superior in demonstrating irregularities of the 
rim. These irregularities probably represent incipient detachment of the membranes (Davilo 
et al,1990) (Figure 6).   

   
Fig. 6. A,B: MRI T2W (A) and Heavy T2W (B) images show  hypointense cyst hydatid lesion 
with  a hyperintense split wall  located at the left liver lobe (Gharbi Type 2, WHO C3a). 

According to WHO, computed tomography and magnetic resonance imaging, and if 
possible cholangiopancreatography (MRCP) are indicated in 

1. Subdiaphragmatic location,  
2. Disseminated disease,  
3. Extraabdominal location,  
4. In complicated cysts (abscess, cysto-biliary fistulae) and 
5. Pre-surgical evaluation.  

Whenever possible, MR imaging should be preferred to CT due to better visualization of 
liquid areas within the matrix (Hosch et al, 2008). 

Other imaging techniques such as cholangiography may be indicated to diagnose biliary 
involvement, particularly in patients with cholestatic jaundice. ERCP can be performed in 
patients with liver cysts prior to intervention.  

7.1.3 Serology  

Sensitivity of serum antibody detection using indirect hemagglutination, enzyme-linked 
immunosorbent assay (ELISA), or latex agglutination, with hydatid cyst fluid antigens, 
ranges between 85 and 98% for liver cysts, 50–60% for lung cysts and 90–100% for multiple 
organ cysts (Siracusano and Bruschi, 2006; Ito and Craig, 2003; Siles-Lucas and Gottstein, 
2001). Detection of circulating E. granulosus antigens in serum is less sensitive than antibody 
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detection, which remains the method of choice. Neverthless, due to the cross-reactions with 
other cestode infections (E. multilocularis and Taenia solium), some other helminth diseases, 
malignancies, liver cirrhosis and presence of anti-P1 antibodies, the specificity of all tests are 
limited and confirmatory tests must be used (arc-5 test; Antigen B (AgB) 8 kDa/12 kDa 
subunits or EgAgB8/1 immunoblotting) in dubious cases (Siracusano and Bruschi, 2006; Ito 
and Craig, 2003.  

Detection of parasite-specific IgE or IgG4 has no significant diagnostic advantage since these 
antibodies remain in serum for long periods following surgical removal or effective drug 
treatment of cysts, or even if the infection self-cures. Bulut et al showed that after surgical 
treatment of the disease, total IgE levels in the sera of the patients decreased to normal six 
months after surgery. Specific IgE against echinococcal antigens decreased one year after 
operation, but serum levels were still significantly high. There were no changes in the levels of 
anti-Echinococcus IgG and total IgG in follow-up period. Additionally, other parameters, such 
as IgA, IgM, C3 and C4, were not affected (Bulut et al, 2001). There may be also false negative 
results with varying frequency depending upon the site of the lesion and the cyst's integrity 
and viability. Antigen-antibody complexes that remove all antibodies may lead to false 
negative reactions. Thus, a negative serologic test generally does not rule out echinococcosis.  

In fact ELISA using crude hydatid cyst fluid has a high sensitivity (over 95%) but its 
specificity is often unsatisfactory. If purified antigens like antigen B or other techniques such 
as immunoblot analysis, detection of immunoglobulin G4 (IgG4) antibodies and 
immunoelectropheresis are used, specificity is improved but average sensitivity is much 
lower. Furthermore, it should be remembered that approximately 10 to 20% of patients with 
hepatic cysts and about 40% with pulmonary cysts do not produce detectable specific serum 
antibodies (IgG) and therefore give false-negative results. Cysts in the brain, bone, or eye 
and calcified cysts often induce no or low antibody responses. Children and pregnant 
women more frequently have negative serology than other patient populations. Neverthless,  
immunoblotting may be used as a first-line test and is best for differential diagnosis (Akisu 
et al,2006; Eckert &dePlazes,2004) 

7.1.4 Cyst aspiration or biopsy  

Microscope examination of protoscoleces after cyst fluid aspiration using vital staining gives 
evidence for the parasitic nature and viability of a cyst (WHO/OIE, 2001). Detection of 
parasitic antigens gives no indication of viability. Presence of calcification is not reliable as 
an indicator of non-viability: more frequent in CE4 and CE5, it may be observed at all stages 
(Hosch et al, 2007).  

MRS may be used to examine cyst fluid ex vivo and prepare detailed quantitative metabolite 
profiles, enabling a multivariate metabolomics approach to cyst staging. (Hosch et al., 2008). 
In vivo evaluation of cyst viability has already been performed using MR spectroscopy in 
cysts that do not move with respiration such as brain cysts. In a patient with hydatid disease 
of the brain and on albendazole treatment, Seckin et al. performed MRS before the medical 
therapy was begun, which revealed the typical findings of a hydatid cyst with resonance of 
alanine, acetate, and succinate that were specific for hydatid disease, and additional 
nonspecific lactate peaks with an additional small peak of choline. Two sequential MRS 
imaging revealed a prominent decrease of the succinate and acetate resonance, accompanied 
by a smaller decline of the alanine resonance progressively, correlated with the conventional 
MRI findings of the cyst, which had a smaller size with blurred margins in the meantime. 
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After 5 months of medical treatment, the cyst had completely disappeared. The patient has 
been monitored for 5 years and remains well without recurrence. The author concluded that 
changes in the metabolic profile of the cyst, especially those regarding succinate and acetate 
may represent the efficacy of the medical treatment.(Seckin et al, 2008) and might become 
possible for other locations in the future (Hosch et al, 2008). 

Percutaneous aspiration of an active cysts reveal clear watery fluid containing scolices and 
have elevated pressure, whereas inactive cysts exhibit cloudy fluid without detectable 
scolices and do not have elevated pressure (Salama et al,1995). Percutaneous aspiration of 
liver cyst contents is associated with very low rates of complications, but this method of 
diagnosis is generally reserved for situations when other diagnostic methods are 
inconclusive because of the potential for anaphylaxis and secondary spread of the infection 
(Gargouri et al,1990; Khuroo et al,1993; Filice et al,1990; Giorgio et al,1992).To prevent 
secondary echinococcosis if a hydatid cyst is punctured, chemotherapy with albendazole is 
recommended for 4 days before the procedure. Chemotherapy should be continued for at 
least 1 month a fter puncturing a lesion that was diagnosed as an E. granulosus cyst even 
after its immediate surgical removal Increasingly, cyst puncture also is performed as a 
therapeutic measure.  

According to WHO, the diagnostic criterias for cystic echinococcus are: 

1. Typical organ lesion(s) detected by imaging techniques (e.g. US, CT-scan, plain film 
radiography, MR imaging 

2. Specific serum antibodies assessed by high-sensitivity serological tests, confirmed by a 
separate high specificity serological test. 

3. Histopathology or parasitology compatible with cystic echinococcosis (e.g. direct 
visualization of the protoscolex hooklets in cyst fluid). 

4. Detection of pathognomonic macroscopic morphology of cyst(s) in surgical specimens. 

WHO defines the possible versus probable versus confirmed cases as follows: 

Possible case: Any patient with a clinical or epidemiological history, and imaging findings 
or serology positive for CE. 

Probabale case: Any patient with the combination of clinical history, epidemiological 
history, imaging findings and serology positive for CE on two tests 

Confirmed case: The above, plus either 

1. Demonstration of proto scoleces or their components, using direct microscopy or 
molecular biology, in the cyst contents aspirated by percutaneous puncture or at 
surgery, or  

2. Changes in US appearance, e. g. Detachment of the endocyst in a CE1 cyst, thus moving 
to a CE3a stage, or solidification of a CE2 or CE3b, thus changing to a CE4 stage, after 
administration of ABZ (at least 3 months) or spontaneous 

7.2 Diagnosis of Echinococcus multilocularis  

7.2.1 Routine laboratory tests  

Nonspecific leukopenia or thrombocytopenia, mild eosinophilia, and nonspecific liver 
function abnormalities may be detected, but are not diagnostic. Hypergammaglobulinemia 
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detection, which remains the method of choice. Neverthless, due to the cross-reactions with 
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results with varying frequency depending upon the site of the lesion and the cyst's integrity 
and viability. Antigen-antibody complexes that remove all antibodies may lead to false 
negative reactions. Thus, a negative serologic test generally does not rule out echinococcosis.  
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as immunoblot analysis, detection of immunoglobulin G4 (IgG4) antibodies and 
immunoelectropheresis are used, specificity is improved but average sensitivity is much 
lower. Furthermore, it should be remembered that approximately 10 to 20% of patients with 
hepatic cysts and about 40% with pulmonary cysts do not produce detectable specific serum 
antibodies (IgG) and therefore give false-negative results. Cysts in the brain, bone, or eye 
and calcified cysts often induce no or low antibody responses. Children and pregnant 
women more frequently have negative serology than other patient populations. Neverthless,  
immunoblotting may be used as a first-line test and is best for differential diagnosis (Akisu 
et al,2006; Eckert &dePlazes,2004) 

7.1.4 Cyst aspiration or biopsy  

Microscope examination of protoscoleces after cyst fluid aspiration using vital staining gives 
evidence for the parasitic nature and viability of a cyst (WHO/OIE, 2001). Detection of 
parasitic antigens gives no indication of viability. Presence of calcification is not reliable as 
an indicator of non-viability: more frequent in CE4 and CE5, it may be observed at all stages 
(Hosch et al, 2007).  

MRS may be used to examine cyst fluid ex vivo and prepare detailed quantitative metabolite 
profiles, enabling a multivariate metabolomics approach to cyst staging. (Hosch et al., 2008). 
In vivo evaluation of cyst viability has already been performed using MR spectroscopy in 
cysts that do not move with respiration such as brain cysts. In a patient with hydatid disease 
of the brain and on albendazole treatment, Seckin et al. performed MRS before the medical 
therapy was begun, which revealed the typical findings of a hydatid cyst with resonance of 
alanine, acetate, and succinate that were specific for hydatid disease, and additional 
nonspecific lactate peaks with an additional small peak of choline. Two sequential MRS 
imaging revealed a prominent decrease of the succinate and acetate resonance, accompanied 
by a smaller decline of the alanine resonance progressively, correlated with the conventional 
MRI findings of the cyst, which had a smaller size with blurred margins in the meantime. 
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After 5 months of medical treatment, the cyst had completely disappeared. The patient has 
been monitored for 5 years and remains well without recurrence. The author concluded that 
changes in the metabolic profile of the cyst, especially those regarding succinate and acetate 
may represent the efficacy of the medical treatment.(Seckin et al, 2008) and might become 
possible for other locations in the future (Hosch et al, 2008). 
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liver cyst contents is associated with very low rates of complications, but this method of 
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therapeutic measure.  
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2. Specific serum antibodies assessed by high-sensitivity serological tests, confirmed by a 
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to a CE3a stage, or solidification of a CE2 or CE3b, thus changing to a CE4 stage, after 
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function abnormalities may be detected, but are not diagnostic. Hypergammaglobulinemia 
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and elevated serum IgE levels are present in more than 50 percent of cases. In a recent study, 
absence of eosinophils in the peritoneal cavity and a low number of such cells in the blood 
of infected animals was observed and this was related to metacestode antigens (in vitro 
generated vesicle fluid and E/S products) that  were able to proteolytically digest eotaxin.  
Proteolysis of eotaxin was, thus, dose-dependent and proportional to the time of incubation 
with the metacestode antigens. Absent eosinophils, thus, may be a part of a series of events 
that maintain a low level of inflammation displayed within the peritoneal cavity of 
experimentally infected mice (Mejri&Gottstein, 2009). 

7.2.2 Imaging  

7.2.2.1 Ultrasound 

US examination is the basis of AE diagnosis in abdominal locations, at the individual and 
population levels, but needs an experienced examiner (Bartholomot et al., 2002; Romig et 
al.,1999). The lesion resembles a tumor, but the patient's overall condition is usually better 
than would be expected for a malignancy. 

Typical findings (70% of cases) include  

1. Juxtaposition of hyper- and hypoechogenic areas in a pseudo-tumour with irregular 
limits and scattered calcification and  

2. Pseudo-cystic appearances due to a large area of central necrosis surrounded by an 
irregular hyperechogenic ring.  

Less typical features (30% of cases) include 

1. 1- Hamangioma-like hyperechogenic nodules as the initial lesion and  
2. 2- A small calcified lesion due either to a dead or a smallsized developing parasite 

(Bresson-Hadni et al., 2000, 2006).  

US with colour Doppler provides information on biliary and vascular involvement. 

7.2.2.2 CT and MRI 

CT gives an anatomical and morphological characterization of lesions and best depicts the 
characteristic pattern of calcification (WHO/OIE, 2001). In cases of diagnostic uncertainty, 
MR imaging may show the multivesicular morphology of the lesions, thereby supporting 
the diagnosis (Bresson-Hadni et al., 2006) It is the best technique to show invasions to 
adjacent structures. For pre-operative evaluation, MRCP has replaced percutaneous 
cholangiography to study the relationship between the AE lesion and the biliary tree 
(Bresson-Hadni et al., 2006). Initial radiological examination to exclude pulmonary and 
cerebral AE is recommended.  

Common CT and MR imaging findings of cerebral lesion seen with E. multilocularis is a well-
defined multiseptated mass consisting of solid and cystic components with calcification in 
the solid portion (Bukte et al,2004). 

The characteristic radiological findings of pulmonary alveolar hydatid disease include 
intersegmental distribution involving the segmental veins. Alveolar hydatid disease 
probably spreads via emboli, in a manner similar to that of metastatic neoplasms.The 
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absence of marked  retraction of adjacent organs such as pleura, bronchus and pulmonary 
vessels seems to be characteristic of pulmonary alveolar hydatid disease caused by E. 
multilocularis (Ohsaki et al,2007). 

7.2.3 Serology  

Serology can also be helpful in the diagnosis of E. multilocularis infection. Immunodiagnostic 
tests for primary diagnosis or confirmation of imaging results are more reliable in the 
diagnosis of AE than of CE since more specific antigens are available. For example, the 
Em2plus-ELISA, using a mixture of affinity-purified E. multilocularis metacestode antigens 
(Em2-antigen) and a recombinant antigen (EmII/3-10), exhibited a diagnostic sensitivity of 
97% in patients with confirmed AE and an overall specificity of 99% for infections due to 
other helminths. The use of purified and/or recombinant, or in vitro-produced E. 
multilocularis antigens (Em2, Em2+, Em18, etc) has a high diagnostic sensitivity of 90–100%, 
with a specificity of 95–100%. Most of the purified antigens allow discrimination between 
AE and CE in 80–95% of cases. Immunoblotting tests may be used for confirmation or as a 
firstline investigation if easily available. Serology usually remains positive indefinitely in 
patients receiving chemotherapy, yet may become negative within a few years following 
complete surgical resection. Clinical recurrence is often associated with rising serologic 
titers. IgG1 and IgG4 antibodies are the most sensitive isotypes for monitoring the success of 
therapy  (Schantz et al,1983; Ito et al,1995; Brunetti et al,2010) 

For AE screening, a combined approach using US and serology discriminates different 
infection status among seropositive individuals:  

1. Patients with active hepatic lesions,  
2. Individuals presenting with fully calcified lesions and  
3. Individuals presenting with no detectable lesion at all.  

The latter two variants refer to persons exposed to infection but in whom the parasite has 
not become established or does not progress (Vuitton et al., 2006). 

According to WHO, the diagnostic criteria for alveolar echinococcus are: 

1. Typical organ lesions detected by imaging techniques (e.g.abdominal US, CT, MR). 
2. Detection of Echinococcus spp. specific serum antibodies by highsensitivity serological 

tests and confirmed by a high specificity serological test. 
3. Histopathology compatible with AE. 
4. Detection of E. multilocularis nucleic acid sequence(s) in a clinical specimen. 

WHO defines the possible versus probable versus confirmed cases as follows: 

Possible case: Any patient with clinical and epidemiological history and imaging findings or 
serology positive for AE. 

Probable case: Any patient with clinical and epidemiological history, and imaging findings 
and serology positive for AE with two tests. 

Confirmed test: The above, plus (1) histopathology compatible with AE and/or (2) detection 
of E. multilocularis nucleic acid sequence(s) in a clinical specimen 
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and elevated serum IgE levels are present in more than 50 percent of cases. In a recent study, 
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absence of marked  retraction of adjacent organs such as pleura, bronchus and pulmonary 
vessels seems to be characteristic of pulmonary alveolar hydatid disease caused by E. 
multilocularis (Ohsaki et al,2007). 
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Serology can also be helpful in the diagnosis of E. multilocularis infection. Immunodiagnostic 
tests for primary diagnosis or confirmation of imaging results are more reliable in the 
diagnosis of AE than of CE since more specific antigens are available. For example, the 
Em2plus-ELISA, using a mixture of affinity-purified E. multilocularis metacestode antigens 
(Em2-antigen) and a recombinant antigen (EmII/3-10), exhibited a diagnostic sensitivity of 
97% in patients with confirmed AE and an overall specificity of 99% for infections due to 
other helminths. The use of purified and/or recombinant, or in vitro-produced E. 
multilocularis antigens (Em2, Em2+, Em18, etc) has a high diagnostic sensitivity of 90–100%, 
with a specificity of 95–100%. Most of the purified antigens allow discrimination between 
AE and CE in 80–95% of cases. Immunoblotting tests may be used for confirmation or as a 
firstline investigation if easily available. Serology usually remains positive indefinitely in 
patients receiving chemotherapy, yet may become negative within a few years following 
complete surgical resection. Clinical recurrence is often associated with rising serologic 
titers. IgG1 and IgG4 antibodies are the most sensitive isotypes for monitoring the success of 
therapy  (Schantz et al,1983; Ito et al,1995; Brunetti et al,2010) 

For AE screening, a combined approach using US and serology discriminates different 
infection status among seropositive individuals:  

1. Patients with active hepatic lesions,  
2. Individuals presenting with fully calcified lesions and  
3. Individuals presenting with no detectable lesion at all.  

The latter two variants refer to persons exposed to infection but in whom the parasite has 
not become established or does not progress (Vuitton et al., 2006). 

According to WHO, the diagnostic criteria for alveolar echinococcus are: 

1. Typical organ lesions detected by imaging techniques (e.g.abdominal US, CT, MR). 
2. Detection of Echinococcus spp. specific serum antibodies by highsensitivity serological 

tests and confirmed by a high specificity serological test. 
3. Histopathology compatible with AE. 
4. Detection of E. multilocularis nucleic acid sequence(s) in a clinical specimen. 

WHO defines the possible versus probable versus confirmed cases as follows: 

Possible case: Any patient with clinical and epidemiological history and imaging findings or 
serology positive for AE. 

Probable case: Any patient with clinical and epidemiological history, and imaging findings 
and serology positive for AE with two tests. 

Confirmed test: The above, plus (1) histopathology compatible with AE and/or (2) detection 
of E. multilocularis nucleic acid sequence(s) in a clinical specimen 
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8. Treatment  
8.1 Treatment of Echinococcus granulosus 

A number of surgical and non-surgical options exist to treat cystic echinococcosis of the 
liver. Pre- and post-intervention chemotherapy with albendazole or mebendazole reduces 
the risk of disease recurrence and intraperitoneal seeding of infection that may develop by 
cyst rupture and spillage occurring spontaneously or during surgery or needle drainage. 
PAIR appears to be more effective treatment method with lower rates of major and minor 
complications, mortality, and disease recurrence.  Hospitalization period is also shorter 
compared to patients treated surgically. PAIR is a safe and effective procedure of choice for 
patients with hepatic echinococcosis, and perhaps other anatomic sites of infection such as 
lung, peritoneum, kidney, and other viscera when the medication are ineffective.  Surgery 
should be reserved for patients with hydatid cysts refractory to PAIR because of secondary 
bacterial infection or for those with difficult-to-manage cyst-biliary communication or 
obstruction(Smego et al,2005). 

8.1.1 Open surgery  

Indications for surgery should be evaluated carefully before making decision. Open surgery 
is the first treatment choice for complicated cysts, and it is also an option for complete 
removal of the parasite in patients who can tolerate surgery and who have cysts in amenable 
locations.  According to WHO-IWGE experts, the indications for surgery are: 

1. Removal of large CE2-CE3b cysts with multiple daughter vesicles, 
2. Single liver cysts, situated superficially, that may rupture spontaneously or as a result 

of trauma when PTs are not available, 
3. Infected cysts, again, when PTs are not available,  
4. Cysts communicating with the biliary tree (as alternative to PT) and 
5. Cysts exerting pressure on adjacent vital organs(Brunetti et al, 2010). 

Surgery is also preferred for large liver cysts (diameter >10 cm, especially if associated with 
multiple daughter cysts); superficially located single liver cysts; complicated cysts such as 
those accompanied by infection, compression, or obstruction; or cysts in the lung, kidney, 
bone, brain, or other organs (Dervenis et al,2005; Safioleas et al,2006; Junghanss et al,2008). 

Contraindications of surgery are (Brunetti et al, 2010): 

1. Patients to whom general contraindication for surgery apply, 
2. Inactive asymptomatic cyst 
3. Difficult to Access cyst 
4. Very small cyst  

8.1.1.1 Surgical techniques  

Total removal of the cyst is usually described as “pericystectomy.” “Closed total 
pericystectomy” removes the cyst without opening it, and “open total pericystectomy” 
sterilizes the metacestode with protoscolicidal agents, evacuates the contents of the cyst, then 
removes the pericystic tissue. There is a cleavage plane between the inner layer of the host’s 
reaction facing towards the parasite and the outer layer, or adventitia which limits the damage 
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to liver parenchyma when dissecting around the cyst and allows safer removal of the cyst 
(Peng et al. 2002). All these operations can be named as total cystectomy. Partial cystectomy, in 
which the cyst content is sterilized and removed after opening, with the pericyst partially 
resected, is especially suited for endemic areas where the operations are performed by general 
surgeons. But the risk of secondary echinococcosis from protoscolex dissemination is higher 
than with total pericystectomy or total cystectomy( Brunetti et al, 2010) .  

The main goals of surgical therapy include: 

1. Evacuation of the cyst while avoiding spillage of its contents,  
2. Neutralization of the cyst, and  
3. Obliteration of the residual cavity (Safioleas et al,2006). 

Adequate drainage and obliteration of the remaining cavity is a necessary procedure to 
minimize the possibility of serum or blood accumulation or liver abscess formation. 
Although conservative surgical procedures are considered simpler and safer to perform, the 
rate of postoperative complications such as biliary fistula, residual cavity and recurrence, 
and cavity suppuration has been reported to be about 35%. On the other hand, radical 
surgery can be performed with low risk of recurrence (3.2%).(Aydin et al. 2008).   

The treatment modalities for liver cysts include total pericystectomy, partial hepatic 
resection and more conservative procedures including simple-closure tube drainage and 
cavity management via capitonnage (obliteration of residual cavity after cyst extrusion 
using deep purse-string suturing). Marsupialization (now rarely done), omentoplasty, 
introflexion or internal drainage are not commonly performed. 

The surgical options for lung cysts include lobectomy, wedge resection, pericystectomy, 
intact endocystectomy, and capitonnage. In a large study of 842 patients followed for 3 to 20 
years, a recurrence rate of 1.9 percent was noted after intact endocystectomies(Qian,1998). 

Any effort made to avoid fluid spillage is recommended, including protection of peritoneal 
tissues and organs with protoscolicide-soaked surgical drapes and injection of 
protoscolicide into the cyst before opening(Brunetti et al, 2010).  Twenty percent hypertonic 
saline is recommended, and should be in contact with the germinal layer for at least 15 
minutes. (WHO/OIE, 2001).  In order to reduce the risk of chemically-induced sclerosing 
cholangitis, its use should be avoided when communication between the cyst and the bile 
ducts is found. Formalin, which frequently was used for this purpose in the past, is no 
longer recommended because of an increased risk of sclerosing cholangitis. 

Ivermectin, praziquantel (PZQ) and BMZ solutions have been used as protoscolicodal 
agents however, they should be further studied in humans for efficacy and safety (Bygott 
and Chiodini, 2009; Dziri et al., 2009). Peri-operative BMZ may reduce cyst pressure and 
decrease the risk of secondary CE. The length of administration usually ranges between 1 
day before and 1 month after surgery but has never been formally evaluated.  

8.1.1.2 Cysto-Biliary fistulas 

In clinically asymptomatic patients, cyst diameter can be a clue for the presence of  cysto-
biliary fistulas.  With a cyst diameter of 7.5cm as a cut-off point, a 79%, likelihood to find a 
cysto-biliary fistula was calculated (Aydin et al. 2008). When this complication is detected, 
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to liver parenchyma when dissecting around the cyst and allows safer removal of the cyst 
(Peng et al. 2002). All these operations can be named as total cystectomy. Partial cystectomy, in 
which the cyst content is sterilized and removed after opening, with the pericyst partially 
resected, is especially suited for endemic areas where the operations are performed by general 
surgeons. But the risk of secondary echinococcosis from protoscolex dissemination is higher 
than with total pericystectomy or total cystectomy( Brunetti et al, 2010) .  
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2. Neutralization of the cyst, and  
3. Obliteration of the residual cavity (Safioleas et al,2006). 

Adequate drainage and obliteration of the remaining cavity is a necessary procedure to 
minimize the possibility of serum or blood accumulation or liver abscess formation. 
Although conservative surgical procedures are considered simpler and safer to perform, the 
rate of postoperative complications such as biliary fistula, residual cavity and recurrence, 
and cavity suppuration has been reported to be about 35%. On the other hand, radical 
surgery can be performed with low risk of recurrence (3.2%).(Aydin et al. 2008).   
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resection and more conservative procedures including simple-closure tube drainage and 
cavity management via capitonnage (obliteration of residual cavity after cyst extrusion 
using deep purse-string suturing). Marsupialization (now rarely done), omentoplasty, 
introflexion or internal drainage are not commonly performed. 

The surgical options for lung cysts include lobectomy, wedge resection, pericystectomy, 
intact endocystectomy, and capitonnage. In a large study of 842 patients followed for 3 to 20 
years, a recurrence rate of 1.9 percent was noted after intact endocystectomies(Qian,1998). 

Any effort made to avoid fluid spillage is recommended, including protection of peritoneal 
tissues and organs with protoscolicide-soaked surgical drapes and injection of 
protoscolicide into the cyst before opening(Brunetti et al, 2010).  Twenty percent hypertonic 
saline is recommended, and should be in contact with the germinal layer for at least 15 
minutes. (WHO/OIE, 2001).  In order to reduce the risk of chemically-induced sclerosing 
cholangitis, its use should be avoided when communication between the cyst and the bile 
ducts is found. Formalin, which frequently was used for this purpose in the past, is no 
longer recommended because of an increased risk of sclerosing cholangitis. 

Ivermectin, praziquantel (PZQ) and BMZ solutions have been used as protoscolicodal 
agents however, they should be further studied in humans for efficacy and safety (Bygott 
and Chiodini, 2009; Dziri et al., 2009). Peri-operative BMZ may reduce cyst pressure and 
decrease the risk of secondary CE. The length of administration usually ranges between 1 
day before and 1 month after surgery but has never been formally evaluated.  
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biliary fistulas.  With a cyst diameter of 7.5cm as a cut-off point, a 79%, likelihood to find a 
cysto-biliary fistula was calculated (Aydin et al. 2008). When this complication is detected, 
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sphincterotomy alone is not an adequate treatment. Most communications can be managed 
with suture during surgery. However, biliary-intestinal anastomosis or liver resection are 
sometimes necessary. It is also advisable to do an ERCP pre-PAIR and to perform 
postaspiration imaging of the cyst using contrast to rule out possible communication with 
the biliary tree. 

8.1.1.3 Outcome  

Complications of surgery include infection of the residual cavity, intraabdominal abscesses, 
anaphylactic reactions, spillage of parasite material leading to secondary echinococcosis, 
biliary fistulation, and sclerosing cholangitis. Surgical mortality is usually 0.5 to 4 percent 
for the first intervention, but increases with repeated interventions and with inadequate 
experience or operative facilities. Surgery is not the optimal treatment for complicated liver 
CE and disseminated CE (Dziri et al., 2004). 

8.1.2 Laparoscopy  

Laparoscopic treatment of liver echinococcosis has become increasingly popular, most 
suitable treatment option for the cases with anteriorly located hepatic cysts; have high 
success, low complication and low recurrence rates(Bickel et al,1998). Laparoscopic 
treatment includes partial or total pericystectomy and cyst drainage with omentoplasty. 
Disadvantage of laparoscopy is the lack of precautionary measures to prevent spillage 
under the high intraabdominal pressures caused by pneumoperitoneum(Dervenis et 
al,2005). Allergic reactions are more common in laparoscopic interventions due to peritoneal 
spillage, although length of stay is generally shorter and morbidity rates lower than for open 
procedures. Laparoscopic treatment is not suitable for deep intraparenchymal cysts or 
posterior cysts situated close to the vena cava, more than three cysts with thick and calcified 
walls (Chowbey et al,2003; Ertem et al,2002; Seven et al,2000). 

8.1.3 Percutaneous treatments  

Percutaneous treatments can broadly be divided into:  

1. Those aiming at the destruction of the germinal layer (puncture, aspiration, injection 
and reaspiration, or PAIR) and  

2. Those aiming at the evacuation of the entire endocyst (also known as Modified 
Catheterization Techniques). (Brunetti et al,2010) 

8.1.3.1 PAIR procedure  

Puncture, aspiration, injection and reaspiration (PAIR) is a percutaneous cyst puncture 
procedure performed under ultrasound or CT guidance followed by aspiration of 
substantial amounts of cyst fluid and injection of a protoscolicidal agent into the cyst cavity.  
PAIR confirms the diagnosis and removes parasitic material. It is minimally invasive, less 
risky and usually less expensive than surgery (Smego et al., 2003). 

Protoscolicides used in PAIR are mainly 20% NaCl and 95% ethanol. Transhepatic cyst 
puncture prevents peritoneal protoscolex spillage. The cyst is then reaspirated after a period 
of at least 15 minutes. Prophylaxis with ABZ 4 h before and 1 month after PAIR is 
mandatory (WHO-IWGE, 2003a,b). 
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PAIR is a minimally invasive technique used in the treatment of cysts in the liver and other 
abdominal locations (WHO-IWGE, 2003a,b). It is indicated for inoperable patients and those 
who refuse surgery, in cases of relapse after surgery or failure to respond to BMZ alone. Best 
results with PAIR + BMZ are achieved in >5cm CE1 and CE3a cysts and suggested as first-
line treatment (Khuroo et al., 1993). PAIR is contraindicated for CE2 and CE3b, for CE4 and 
CE5, and for lung cysts. The presence of biliary fistulae is also a contraindication for PAIR 
because of protoscolicide use. It should not be used in patients with inaccessible cysts, 
superficially located liver cysts where there is a risk of spillage into the abdominal cavity, 
cysts with nondrainable solid material or echogenic foci and inactive or calcified cysts. 

The potential risks of this procedure include anaphylaxis, secondary echinococcosis,  
hemorrhage, infection, chemical sclerosing cholangitis, and biliary fistulas. PAIR should 
only be performed by experienced physicians with drugs and resuscitation equipment to 
manage anaphylactic shock at hand and a surgical back-up team. The WHO panel 
concluded that the use of PAIR is widespread and increasing in all areas where cystic 
hydatid disease is a problem and PAIR appears to be a safe and effective therapeutic tool.  

In a study from Bulgaria, PAIR was performed in 230 patients with 348 echinococcal cysts. 
At 12-month follow-up, 77.6% of the cysts, all cystic echinococcosis (CE) 1 and CE3a cysts 
according to the World Health Organization Informal Working Group classification, showed 
various degrees of obliteration. In 11.5% of cysts, all of which were > 10 cm-type CE1, a 
significant amount of fluid persisted, and they were punctured again. Of those, 16 (4.6%) 
contained protoscolices and were treated by a second PAIR. The remaining 24 (6.9%) cysts 
were treated by simple aspiration or drainage. No significant reduction in size and no 
changes in the structure were observed in 10.9% of cysts, all of which were classified as CE2 
or CE3b. Complications developed in 25.2% of patients, including severe anaphylactic 
reaction in two (0.9%) patients(Golemanov et al,2011).  

Percutanous treatment of hydatid cysts in pregnancy is also an efficient and safe procedure 
in cases where percutaneous treatment is indicated (Ustunsoz et al,2008).  

Ustunsoz has reported six pregnant patients (age range 19-28 years; mean age 23 years) with 
six hepatic hydatid cysts who underwent percutaneous treatment without albendazole 
prophylaxis. PAIR technique was used to treat the cysts. They used hypertonic saline 
solution as cytotoxic agent and followed-up patients mainly by sonography every 2 weeks 
during pregnancy, every third month post-partum for the first year, every 6 months for the 
second year, and once a year thereafter. Average hydatid cyst volume which was 2,145 ml 
before treatment was reduced to 145 ml post-treatment at the time of delivery. A 
cystobiliary fistula was found in one patient and a percutaneous catheter was placed into 
the postresidual cavity and a nasobiliary catheter was placed into the common bile duct 
after syphincterotomy. The fistula was closed in 2 weeks. This patient has a follow-up time 
of 1 year so far without any problem. No mortality, morbidity, fetal loss, abdominal 
dissemination, or tract seeding was observed among these cases. 

Another paper from Turkey reported a single-center experience comparing surgery, 
laparoscopic surgery, and percutaneous treatments in 355 patients with 510 hydatid cysts of 
the liver over a period of 10 years. There were two postoperative deaths (1.08%) in the open 
surgery group. Biliary leakage was observed in 28 patients treated with open surgery, in 10 
patients after PT, and in 2 after laparoscopic treatment. Recurrence rates were 16.2%, 3.3%, 
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sphincterotomy alone is not an adequate treatment. Most communications can be managed 
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procedure performed under ultrasound or CT guidance followed by aspiration of 
substantial amounts of cyst fluid and injection of a protoscolicidal agent into the cyst cavity.  
PAIR confirms the diagnosis and removes parasitic material. It is minimally invasive, less 
risky and usually less expensive than surgery (Smego et al., 2003). 

Protoscolicides used in PAIR are mainly 20% NaCl and 95% ethanol. Transhepatic cyst 
puncture prevents peritoneal protoscolex spillage. The cyst is then reaspirated after a period 
of at least 15 minutes. Prophylaxis with ABZ 4 h before and 1 month after PAIR is 
mandatory (WHO-IWGE, 2003a,b). 
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PAIR is a minimally invasive technique used in the treatment of cysts in the liver and other 
abdominal locations (WHO-IWGE, 2003a,b). It is indicated for inoperable patients and those 
who refuse surgery, in cases of relapse after surgery or failure to respond to BMZ alone. Best 
results with PAIR + BMZ are achieved in >5cm CE1 and CE3a cysts and suggested as first-
line treatment (Khuroo et al., 1993). PAIR is contraindicated for CE2 and CE3b, for CE4 and 
CE5, and for lung cysts. The presence of biliary fistulae is also a contraindication for PAIR 
because of protoscolicide use. It should not be used in patients with inaccessible cysts, 
superficially located liver cysts where there is a risk of spillage into the abdominal cavity, 
cysts with nondrainable solid material or echogenic foci and inactive or calcified cysts. 

The potential risks of this procedure include anaphylaxis, secondary echinococcosis,  
hemorrhage, infection, chemical sclerosing cholangitis, and biliary fistulas. PAIR should 
only be performed by experienced physicians with drugs and resuscitation equipment to 
manage anaphylactic shock at hand and a surgical back-up team. The WHO panel 
concluded that the use of PAIR is widespread and increasing in all areas where cystic 
hydatid disease is a problem and PAIR appears to be a safe and effective therapeutic tool.  

In a study from Bulgaria, PAIR was performed in 230 patients with 348 echinococcal cysts. 
At 12-month follow-up, 77.6% of the cysts, all cystic echinococcosis (CE) 1 and CE3a cysts 
according to the World Health Organization Informal Working Group classification, showed 
various degrees of obliteration. In 11.5% of cysts, all of which were > 10 cm-type CE1, a 
significant amount of fluid persisted, and they were punctured again. Of those, 16 (4.6%) 
contained protoscolices and were treated by a second PAIR. The remaining 24 (6.9%) cysts 
were treated by simple aspiration or drainage. No significant reduction in size and no 
changes in the structure were observed in 10.9% of cysts, all of which were classified as CE2 
or CE3b. Complications developed in 25.2% of patients, including severe anaphylactic 
reaction in two (0.9%) patients(Golemanov et al,2011).  

Percutanous treatment of hydatid cysts in pregnancy is also an efficient and safe procedure 
in cases where percutaneous treatment is indicated (Ustunsoz et al,2008).  

Ustunsoz has reported six pregnant patients (age range 19-28 years; mean age 23 years) with 
six hepatic hydatid cysts who underwent percutaneous treatment without albendazole 
prophylaxis. PAIR technique was used to treat the cysts. They used hypertonic saline 
solution as cytotoxic agent and followed-up patients mainly by sonography every 2 weeks 
during pregnancy, every third month post-partum for the first year, every 6 months for the 
second year, and once a year thereafter. Average hydatid cyst volume which was 2,145 ml 
before treatment was reduced to 145 ml post-treatment at the time of delivery. A 
cystobiliary fistula was found in one patient and a percutaneous catheter was placed into 
the postresidual cavity and a nasobiliary catheter was placed into the common bile duct 
after syphincterotomy. The fistula was closed in 2 weeks. This patient has a follow-up time 
of 1 year so far without any problem. No mortality, morbidity, fetal loss, abdominal 
dissemination, or tract seeding was observed among these cases. 

Another paper from Turkey reported a single-center experience comparing surgery, 
laparoscopic surgery, and percutaneous treatments in 355 patients with 510 hydatid cysts of 
the liver over a period of 10 years. There were two postoperative deaths (1.08%) in the open 
surgery group. Biliary leakage was observed in 28 patients treated with open surgery, in 10 
patients after PT, and in 2 after laparoscopic treatment. Recurrence rates were 16.2%, 3.3%, 
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and 3.5% after open surgery, laparoscopic surgery, and percutaneous treatment, 
respectively. They stated that characteristics of the cyst, presence of cystobiliary 
communications, and the availability of a multidisciplinary team are the factors affecting the 
results and concluded that PAIR is effective and safe (Yagc et al,2005). 

Gabal et al. performed a modified PAIR techique for percutaneous high risk hydatid cysts. 
In this method, they used a coaxial catheter system to achieve concomitant evacuation of 
cyst contents while infusing scolicidal agent. Hypertonic saline was used to wash out cyst 
contents and to kill protoscolices which was followed by injection of a sclerosant (ethyl 
alcohol 95%) into the residual cyst cavity to prevent formation of a cyst collection after the 
procedure. 17 cysts in 14 patients were successfully aspirated. They found gradual decrease 
in cyst size (17 cysts, 100%), thickening and irregularity of the cyst wall due to separation of 
endocyst from pericyst (7 cysts, 41%), development of a heterogeneous appearance of the 
cyst components (8 cysts, 47%) and development of pseudotumor (2 cysts, 12%). They 
concluded that  modified PAIR technique is a reliable method for percutaneous treatment of 
risky and symptomatic hydatid cysts (Gabal et al, 2005). 

8.1.3.2 Other percutaneous treatments  

Modified Catheterization Techniques are reserved for cysts that are difficult to drain or for 
cysts that tend to relapse after PAIR. These procedures aim to remove the entire endocyst 
and daughter cysts from the cyst cavity using large-bore catheters and cutting devices 
together with an aspiration apparatus. Among more than 1000 patients, rates of short- and 
medium-term success are satisfactory with minimal complications. These techniques have 
also been successfully employed for CE2 cysts located outside the abdomen (Akhan et al., 
2007). However, long-term follow-up of patients is unavailable, and the procedure should 
be done with caution. ( Brunetti et al,2010) 

8.1.4 Antiparasitic drug treatment 

Benzimidazoles (BMZ) inhibit the assembly of tubulin into microtubules, thus impairing 
glucose absorption through the wall of the hydatid parasite. This causes glycogen depletion 
and degeneration of the endoplasmic reticulum and mitochondria of the germinal layer of 
the metacestode, and results in an increase in lysosomes and subsequent cellular death. 

WHO recommendations state that medical therapy should be used for (Brunetti et al,2010): 

1. 1-Inoperable patients with liver or lung CE, 
2. 2-Patients with multiple cysts in two or more organs,  
3. 3-Peritoneal cysts, 
4. 4-Small (<5 cm) CE1 and CE3a cysts in the liver and lung  
5. 5-Prevention of  recurrence following surgery or PAIR  

According to WHO-IWGE experts, the contraindications for benzimidazoles are: 

1. 1-Cysts at risk of rupture 
2. 2-In early pregnancy 

Adverse effects of benzimidazoles include hepatotoxicity, leucopenia, thrombocytopenia 
and alopecia, so benzimidazoles must be used with caution in patients with chronic hepatic 
disease and should be avoided in those with bone-marrow depression. Inactive or calcified 
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asymptomatic cysts should not be treated unless they are complicated. BMZ alone are not 
effective in large cysts (over 10 cm), as their effect is extremely slow in cysts with large 
volumes of fluid . 

BMZ can be used in patients of any age. However, there is little experience with children 
under-6 years old; it is less limited by the patient’s status than surgery. The cure rate after a 
treatment period of 3-6 months with standart doses is 30%. Stojkovic et al. collected and 
analysed data from 711 treated patients with 1,308 cysts from six centres (five countries). 
Analysis was restricted to 1,159 liver and peritoneal cysts. They evaluated the importance of 
cyst stage and size in determining response to treatment They found that 1-2 y after 
initiation of benzimidazole treatment 50%-75% of active C1 cysts were classified as 
inactive/disappeared compared to 30%-55% of CE2 and CE3 cysts. They showed that 50%-
60% of cysts <6 cm responded to treatment after 1-2 y compared to 25%-50% of cysts >6 cm. 
However, 25% of cysts reverted to active status within 1.5 to 2 y after having initially 
responded and multiple relapses were observed; after the second and third treatment 60% of 
cysts relapsed within 2 years. (Stojkovic et al., 2009). 

8.1.4.1 Mebendazole  

It is the first benzimidazole agent tested against Echinococcus. The usual dosage is 40 to 50 
mg/kg per day, given in three divided doses with fat-rich meals. Maximal daily dose that 
can be given is 6 g. Therapy is usually indicated for at least three to six months. It is used if 
albendazole is not available or not tolerated. 

8.1.4.2 Albendazole  

Albendazole is currently the drug of choice to treat CE, either alone or together with PT. 
Given orally, at a dosage of 10–15 mg/kg/day, in two divided doses, with a fat-rich meal to 
increase its bioavailability. The hepatic metabolite of albendazole, albendazole sulfoxide, is 
also active against the parasite. Because of safety concern, albendazole was administered 
intermittently in four week courses, followed by an interval of two drug-free weeks but 
today it is recognised that continuous therapy does not increase the risk of side effects, and 
efficacy may be improved. 

In cases of preoperative treatment with albendazole, the results were in favor of the 3-month 
treatment while even the 1-month treatment was associated with improved effectiveness 
compared to no treatment.( Gil-Grande  et al,1993) Wen H et al and Aktan et al also 
performed prospective controlled trials that showed that 4-month cyclic (30 days on-therapy 
and 10 days off-therapy) and 3-week continuous preoperative treatment with albendazole, 
respectively, resulted to fewer viable cysts at the time of operation compared to no 
treatment. In a recent study, Stankovic et al reported statistically fewer viable protoscolices 
at the time of surgery for patients that received 3 weeks preoperative treatment with 
albendazole compared to those that received no preoperative treatment.(Wen et al,1994; 
Aktan et al,1996; Stankovic et al,2005) 

8.1.4.3 Flubendazole 

Flubendazole is another benzimidazole drug, which has been evaluated for CE treatment in 
both mice and men. Flubendazole has shown poor in vivo efficacy against CE in humans 
and mice. However, flubendazole causes marked in vitro damage on E. granulosus 
protoscoleces (Ceballos et al,2010). In a study by Ceballos et al, pharmacological 
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and 3.5% after open surgery, laparoscopic surgery, and percutaneous treatment, 
respectively. They stated that characteristics of the cyst, presence of cystobiliary 
communications, and the availability of a multidisciplinary team are the factors affecting the 
results and concluded that PAIR is effective and safe (Yagc et al,2005). 

Gabal et al. performed a modified PAIR techique for percutaneous high risk hydatid cysts. 
In this method, they used a coaxial catheter system to achieve concomitant evacuation of 
cyst contents while infusing scolicidal agent. Hypertonic saline was used to wash out cyst 
contents and to kill protoscolices which was followed by injection of a sclerosant (ethyl 
alcohol 95%) into the residual cyst cavity to prevent formation of a cyst collection after the 
procedure. 17 cysts in 14 patients were successfully aspirated. They found gradual decrease 
in cyst size (17 cysts, 100%), thickening and irregularity of the cyst wall due to separation of 
endocyst from pericyst (7 cysts, 41%), development of a heterogeneous appearance of the 
cyst components (8 cysts, 47%) and development of pseudotumor (2 cysts, 12%). They 
concluded that  modified PAIR technique is a reliable method for percutaneous treatment of 
risky and symptomatic hydatid cysts (Gabal et al, 2005). 

8.1.3.2 Other percutaneous treatments  

Modified Catheterization Techniques are reserved for cysts that are difficult to drain or for 
cysts that tend to relapse after PAIR. These procedures aim to remove the entire endocyst 
and daughter cysts from the cyst cavity using large-bore catheters and cutting devices 
together with an aspiration apparatus. Among more than 1000 patients, rates of short- and 
medium-term success are satisfactory with minimal complications. These techniques have 
also been successfully employed for CE2 cysts located outside the abdomen (Akhan et al., 
2007). However, long-term follow-up of patients is unavailable, and the procedure should 
be done with caution. ( Brunetti et al,2010) 

8.1.4 Antiparasitic drug treatment 

Benzimidazoles (BMZ) inhibit the assembly of tubulin into microtubules, thus impairing 
glucose absorption through the wall of the hydatid parasite. This causes glycogen depletion 
and degeneration of the endoplasmic reticulum and mitochondria of the germinal layer of 
the metacestode, and results in an increase in lysosomes and subsequent cellular death. 

WHO recommendations state that medical therapy should be used for (Brunetti et al,2010): 

1. 1-Inoperable patients with liver or lung CE, 
2. 2-Patients with multiple cysts in two or more organs,  
3. 3-Peritoneal cysts, 
4. 4-Small (<5 cm) CE1 and CE3a cysts in the liver and lung  
5. 5-Prevention of  recurrence following surgery or PAIR  

According to WHO-IWGE experts, the contraindications for benzimidazoles are: 

1. 1-Cysts at risk of rupture 
2. 2-In early pregnancy 

Adverse effects of benzimidazoles include hepatotoxicity, leucopenia, thrombocytopenia 
and alopecia, so benzimidazoles must be used with caution in patients with chronic hepatic 
disease and should be avoided in those with bone-marrow depression. Inactive or calcified 
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asymptomatic cysts should not be treated unless they are complicated. BMZ alone are not 
effective in large cysts (over 10 cm), as their effect is extremely slow in cysts with large 
volumes of fluid . 

BMZ can be used in patients of any age. However, there is little experience with children 
under-6 years old; it is less limited by the patient’s status than surgery. The cure rate after a 
treatment period of 3-6 months with standart doses is 30%. Stojkovic et al. collected and 
analysed data from 711 treated patients with 1,308 cysts from six centres (five countries). 
Analysis was restricted to 1,159 liver and peritoneal cysts. They evaluated the importance of 
cyst stage and size in determining response to treatment They found that 1-2 y after 
initiation of benzimidazole treatment 50%-75% of active C1 cysts were classified as 
inactive/disappeared compared to 30%-55% of CE2 and CE3 cysts. They showed that 50%-
60% of cysts <6 cm responded to treatment after 1-2 y compared to 25%-50% of cysts >6 cm. 
However, 25% of cysts reverted to active status within 1.5 to 2 y after having initially 
responded and multiple relapses were observed; after the second and third treatment 60% of 
cysts relapsed within 2 years. (Stojkovic et al., 2009). 

8.1.4.1 Mebendazole  

It is the first benzimidazole agent tested against Echinococcus. The usual dosage is 40 to 50 
mg/kg per day, given in three divided doses with fat-rich meals. Maximal daily dose that 
can be given is 6 g. Therapy is usually indicated for at least three to six months. It is used if 
albendazole is not available or not tolerated. 

8.1.4.2 Albendazole  

Albendazole is currently the drug of choice to treat CE, either alone or together with PT. 
Given orally, at a dosage of 10–15 mg/kg/day, in two divided doses, with a fat-rich meal to 
increase its bioavailability. The hepatic metabolite of albendazole, albendazole sulfoxide, is 
also active against the parasite. Because of safety concern, albendazole was administered 
intermittently in four week courses, followed by an interval of two drug-free weeks but 
today it is recognised that continuous therapy does not increase the risk of side effects, and 
efficacy may be improved. 

In cases of preoperative treatment with albendazole, the results were in favor of the 3-month 
treatment while even the 1-month treatment was associated with improved effectiveness 
compared to no treatment.( Gil-Grande  et al,1993) Wen H et al and Aktan et al also 
performed prospective controlled trials that showed that 4-month cyclic (30 days on-therapy 
and 10 days off-therapy) and 3-week continuous preoperative treatment with albendazole, 
respectively, resulted to fewer viable cysts at the time of operation compared to no 
treatment. In a recent study, Stankovic et al reported statistically fewer viable protoscolices 
at the time of surgery for patients that received 3 weeks preoperative treatment with 
albendazole compared to those that received no preoperative treatment.(Wen et al,1994; 
Aktan et al,1996; Stankovic et al,2005) 

8.1.4.3 Flubendazole 

Flubendazole is another benzimidazole drug, which has been evaluated for CE treatment in 
both mice and men. Flubendazole has shown poor in vivo efficacy against CE in humans 
and mice. However, flubendazole causes marked in vitro damage on E. granulosus 
protoscoleces (Ceballos et al,2010). In a study by Ceballos et al, pharmacological 



 
Zoonosis 348 

performance of the benzimidazole compounds flubendazole (FLBZ) and albendazole (ABZ) 
were evaluated. And they stated that flubendazole offers a great potential to become a drug 
of choice in the treatment of cystic echinococcosis(Ceballos et al,2011) 

8.1.4.4 Praziquantel 

This isoquinoline has been shown to have effective protoscolicidal activity, and may be 
more effective than albendazole in vitro. It can be used alone or in combination with 
albendazole. The dose of praziquantel is 40 mg/kg once a week or 25 mg/kg orally each 
day. Praziquantel increases serum concentrations of albendazole sulfoxide fourfold so 
combination of the two drugs seems more effective in killing protoscoleces than any 
alone(McManus et al,2003). It usually is well tolerated but occasionally causes headache, 
nausea or abdominal discomfort. However, the efficacy of praziquantel has varied in clinical 
studies, and its role in primary chemotherapy has not been clearly defined(Wen et al,1993). 
In a study of Mohamed et al. 41 patients with hepatic hydatid cysts were treated with either 
albendazole alone or in combination with praziquantel. Albendazole alone resulted in the 
complete disappearance of the cyst in 36 percent of subjects with treatment periods ranging 
from six months to two years, while the combination led to the complete disappearance of 
cysts in 47 percent after only two to six months of drug therapy (Mohamed et al,1998). In 
another study Cobo showed that in a patient cohort with intraabdominal hydatidosis, 
significantly greater number of patients treated preoperatively with albendazole and 
praziquantel had nonviable protoscolices at the time of surgery compared to patients 
receiving albendazole alone, at doses of both 10 mg/kg/day and 20 mg/kg/day. (Cobo et 
al,1998; Smego et al, 2005) 

8.1.4.5 Problems with chemotherapy  

Low penetrate of the drugs through the tissue barriers to reach inner compartments of the 
metacestode is an important problem in clinical practice. Manterola et al. studied the 
plasmatic and intracystal concentrations of albendazole sulfoxide (AS) and correlated them 
with the viability of the scolices in patients surgically treated for hepatic hydatid cysts that 
received albendazole preoperatively, as an indirect way of evaluating the scolicide efficacy 
of the drug. The patients were given 10 mg/kg/day of albendazole for 4 days prior to the 
surgery. Intraoperative samples of venous blood and hydatid fluid were taken, in which the 
plasmatic concentration and intracystal concentration of AS were measured by means of 
high-performance liquid chromatography. They found that there was no association 
between intracystal levels of AS and the viability of the scolices and concluded that 
albendazole is ineffective as a scolicidal agent administered preoperatively for 4 days 
(Manterola et al,2005).  

Since the intracystic concentration of albendazole is not correlated with the efficacy of the 
drug, duration of therapy may be an important issue.  

8.1.4.6 Outcome  

Albendazole is the drug of choice fo the treatment of CE. Studies that have directly 
compared mebendazole and albendazole have shown that mebendazole leads to an 
improvement in radiologic appearance in approximately 50 to 60 percent of patients, while 
75 to 85 percent of patients show a response to albendazole (Horton,1997; Teggi et al,1993; 
Todorov et al,1992).  The duration of treatment is shorter than mebendazole with a better 
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response rate. The results of chemotherapy are affected by cyst characteristics such as size, 
age and location, as well as by host characteristics (El-On,2003). 

8.1.5 Management of cysts in extra-hepatic sites 

The frequency of CE in extra-hepatic site is very low, and WHO recommendations for 
treatment is as follows: 

8.1.5.1 Lung 

The presentation of pulmonary CE varies widely, making a uniform treatment 
recommendation impossible. BMZ used alone showed good efficacy on small, 
uncomplicated lung cysts but should be avoided pre-operatively in larger lung cysts. 
Surgery aims at removing the parasite and treating associated pathology. It should be as 
conservative as possible. Radical procedures are required for extended parenchymal 
involvement, severe pulmonary suppuration, and complications (Isitmangil et al. 2002). 

8.1.5.2 Bone 

Bone involvement accounts for 0.5–2% of the total number of cases and is potentially the 
most debilitating form of CE. The most effective treatment is radical resection of the affected 
bone (Zlitni et al., 2001). Surgical procedures can be repeated because of the recurrences, and 
some serious complications such as spinal involvement, fistulae, acute and chronic 
osteomyelitis, have an extremely poor prognosis. When the hip is involved, broad resections 
should be carried out, with the implantation of a prosthetic hip absolutely contraindicated. 
CE in bone is less sensitive to ABZ than cysts at other sites and high dosage and long-term 
administration (years) are indicated( Brunetti et al,2010). 

8.1.5.3 Heart 

Cardiac involvement accounts for 0.5–2% of total cases with 10% of cases showing various 
symptoms. Surgery is the treatment of choice (Thameur et al., 2001). Venous filters are used 
to prevent dissemination. If complete removal of the cysts is possible, the prognosis is good, 
with a low rate of recurrence. 

8.1.5.4 Disseminated disease 

When cysts are widespread, usually after cyst rupture, spontaneously or during surgery, a 
surgical approach is often impractical. If the cysts are very large or located in or near vital 
organs the treatment should be combined surgery and ABZ, despite its palliative nature. 
However, medical treatment alone with ABZ, maintained for an indefinite length of time, is 
the only option available in most cases, with an acceptable response (reduction in the 
number and/or size of lesions) (Chawla et al., 2003). Discontinuation is often associated 
with recurrence. 

8.1.6 Watch and wait  

The idea of leaving certain cyst types untreated and just monitoring them over time is a 
logical consequence because of two main findings:  

1. A good proportion of cysts are consolidating and calcifying and becoming completely 
inactive without any treatment and  
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performance of the benzimidazole compounds flubendazole (FLBZ) and albendazole (ABZ) 
were evaluated. And they stated that flubendazole offers a great potential to become a drug 
of choice in the treatment of cystic echinococcosis(Ceballos et al,2011) 

8.1.4.4 Praziquantel 

This isoquinoline has been shown to have effective protoscolicidal activity, and may be 
more effective than albendazole in vitro. It can be used alone or in combination with 
albendazole. The dose of praziquantel is 40 mg/kg once a week or 25 mg/kg orally each 
day. Praziquantel increases serum concentrations of albendazole sulfoxide fourfold so 
combination of the two drugs seems more effective in killing protoscoleces than any 
alone(McManus et al,2003). It usually is well tolerated but occasionally causes headache, 
nausea or abdominal discomfort. However, the efficacy of praziquantel has varied in clinical 
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complete disappearance of the cyst in 36 percent of subjects with treatment periods ranging 
from six months to two years, while the combination led to the complete disappearance of 
cysts in 47 percent after only two to six months of drug therapy (Mohamed et al,1998). In 
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significantly greater number of patients treated preoperatively with albendazole and 
praziquantel had nonviable protoscolices at the time of surgery compared to patients 
receiving albendazole alone, at doses of both 10 mg/kg/day and 20 mg/kg/day. (Cobo et 
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Low penetrate of the drugs through the tissue barriers to reach inner compartments of the 
metacestode is an important problem in clinical practice. Manterola et al. studied the 
plasmatic and intracystal concentrations of albendazole sulfoxide (AS) and correlated them 
with the viability of the scolices in patients surgically treated for hepatic hydatid cysts that 
received albendazole preoperatively, as an indirect way of evaluating the scolicide efficacy 
of the drug. The patients were given 10 mg/kg/day of albendazole for 4 days prior to the 
surgery. Intraoperative samples of venous blood and hydatid fluid were taken, in which the 
plasmatic concentration and intracystal concentration of AS were measured by means of 
high-performance liquid chromatography. They found that there was no association 
between intracystal levels of AS and the viability of the scolices and concluded that 
albendazole is ineffective as a scolicidal agent administered preoperatively for 4 days 
(Manterola et al,2005).  

Since the intracystic concentration of albendazole is not correlated with the efficacy of the 
drug, duration of therapy may be an important issue.  

8.1.4.6 Outcome  

Albendazole is the drug of choice fo the treatment of CE. Studies that have directly 
compared mebendazole and albendazole have shown that mebendazole leads to an 
improvement in radiologic appearance in approximately 50 to 60 percent of patients, while 
75 to 85 percent of patients show a response to albendazole (Horton,1997; Teggi et al,1993; 
Todorov et al,1992).  The duration of treatment is shorter than mebendazole with a better 
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response rate. The results of chemotherapy are affected by cyst characteristics such as size, 
age and location, as well as by host characteristics (El-On,2003). 

8.1.5 Management of cysts in extra-hepatic sites 

The frequency of CE in extra-hepatic site is very low, and WHO recommendations for 
treatment is as follows: 

8.1.5.1 Lung 

The presentation of pulmonary CE varies widely, making a uniform treatment 
recommendation impossible. BMZ used alone showed good efficacy on small, 
uncomplicated lung cysts but should be avoided pre-operatively in larger lung cysts. 
Surgery aims at removing the parasite and treating associated pathology. It should be as 
conservative as possible. Radical procedures are required for extended parenchymal 
involvement, severe pulmonary suppuration, and complications (Isitmangil et al. 2002). 

8.1.5.2 Bone 

Bone involvement accounts for 0.5–2% of the total number of cases and is potentially the 
most debilitating form of CE. The most effective treatment is radical resection of the affected 
bone (Zlitni et al., 2001). Surgical procedures can be repeated because of the recurrences, and 
some serious complications such as spinal involvement, fistulae, acute and chronic 
osteomyelitis, have an extremely poor prognosis. When the hip is involved, broad resections 
should be carried out, with the implantation of a prosthetic hip absolutely contraindicated. 
CE in bone is less sensitive to ABZ than cysts at other sites and high dosage and long-term 
administration (years) are indicated( Brunetti et al,2010). 

8.1.5.3 Heart 

Cardiac involvement accounts for 0.5–2% of total cases with 10% of cases showing various 
symptoms. Surgery is the treatment of choice (Thameur et al., 2001). Venous filters are used 
to prevent dissemination. If complete removal of the cysts is possible, the prognosis is good, 
with a low rate of recurrence. 

8.1.5.4 Disseminated disease 

When cysts are widespread, usually after cyst rupture, spontaneously or during surgery, a 
surgical approach is often impractical. If the cysts are very large or located in or near vital 
organs the treatment should be combined surgery and ABZ, despite its palliative nature. 
However, medical treatment alone with ABZ, maintained for an indefinite length of time, is 
the only option available in most cases, with an acceptable response (reduction in the 
number and/or size of lesions) (Chawla et al., 2003). Discontinuation is often associated 
with recurrence. 

8.1.6 Watch and wait  

The idea of leaving certain cyst types untreated and just monitoring them over time is a 
logical consequence because of two main findings:  

1. A good proportion of cysts are consolidating and calcifying and becoming completely 
inactive without any treatment and  



 
Zoonosis 350 

2. Cysts that have arrived at this stage, not compromising organ functions or causing 
discomfort seem to remain like this or stabilize even further( Junghanss et al,2008). 

CE4 and CE5 cysts do not require any treatment if uncomplicated, CL cysts should not be 
treated, until their parasitic nature has been proven. Long-term follow-up of  with US 
imaging has increased clinicians’ confidence that in selected cases, i.e. when inactive cysts 
are not complicated, treatment can be put on hold. This decision must, however, be 
accompanied and verified by long-term ultrasonographic follow- up. Ten years seem to be 
an adequate time frame ( (Junghanss et al. 2008).  

8.1.7 Comparisons of therapy for E. granulosus  

There have been few studies that have directly compared the various forms of therapy for 
cystic echinococcosis. 

A number of surgical and non-surgical options exist to treat cystic echinococcosis of the 
liver. Pre- and post-intervention chemotherapy with albendazole or mebendazole reduces 
the risk of disease recurrence and intraperitoneal seeding of infection that may develop by 
cyst rupture and spillage occurring spontaneously or during surgery or needle drainage. 
PAIR appears to be more effective treatment method with lower rates of major and minor 
complications, mortality, and disease recurrence. Hospitalization period is also shorter 
compared to patients treated surgically. PAIR is a safe and effective procedure of choice for 
patients with hepatic echinococcosis, and perhaps other anatomic sites of infection such as 
lung, peritoneum, kidney, and other viscera when the medication are ineffective.  Surgery 
should be reserved for patients with hydatid cysts refractory to PAIR because of secondary 
bacterial infection or for those with difficult-to-manage cyst-biliary communication or 
obstruction(Smego,2005) 

8.1.8 Monitoring the response to therapy  

Follow-up visits, including US examination should be done every 3–6 months initially and 
every year once the situation is stable. Leukocyte counts and aminotransferase 
measurements are necessary at monthly intervals to detect adverse reactions. Serum levels 
of the drugs can be measured but only few laboratories have the capacity to determine 
plasma drug levels (Brunetti et al,2010). 

8.1.8.1 Ultrasound  

Radiologic changes are not entirely reliable in assessing response to therapy. However, 
changes seen on ultrasound that seem to correlate with effective therapy include (Khuroo et 
al,1993; Sciarrino et al, 1991): 

1. Reduction in cyst size and volume  
2. Separation of the endocyst from the pericyst and detachment or collapse of membranes 

leading to a split wall (water lily sign)  
3. Decrease in size or number of daughter cysts and/or rupture of vesicles in 

multivesicular cysts  
4. Decrease in fluid within the cyst and increase of the solid component, leading first to 

development of internal echoes within the cyst (heterogeneous echo pattern) and then 
to obliteration of the cyst cavity by echogenic material (pseudotumor echo pattern)  
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5. Thickening and irregularity of the cyst wall  
6. Complete disappearance of the cyst (Figure 7, 8). 

Development of new cysts, increase in its volume or its liquid component and 
disappearance of visibly detaching membrane can be interpreted as relaps.( Echinonet,2005) 

 
Fig. 7. Post percutaneous treatment. B-mod US shows inactive cyst containing membranes 
and coarse echoes. Cyst wall is markedly thickened. 

 
Fig. 8. Post percutaneous treatment.  B-mode US shows collapsed flattened elliptical cyst 
(low pressure within the cyst), germinal layer detached from the cyst wall. 

8.1.8.2 Serology 

Serologic titers usually fall 1-2 years after successful surgery but it is not a rule. Antibodies 
may remain elevated even many years after cyst removal (Rigano et al,2002; Galitza et 
al,2006). Specific IgE antibody titers, IgG4 antibody and arc 5-based tests have been shown 
to be more sensitive than other tests (Baldelli et al,1992; Guisantes et al,1994; Shambesh et 
al,1997; Rigano et al,2002; Galitza et al,2006). There are also some new antigens which can be 
important in post-treatment monitoring. Nouir et al. synthesized recombinant Echinococcus 
granulosus protoscolex recP29 antigen to be preliminarily assessed by ELISA and 
immunoblotting and carried out on 54 young patients with cystic echinococcosis (CE). 
RecP29 ELISA showed a gradual decrease of antibody concentrations in all cured-CE cases 
that were initially (before treatment) seropositive to this antigen or that seroconverted 
following treatment. A complete seronegativity was reached within 3 years post-surgery in 
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2. Cysts that have arrived at this stage, not compromising organ functions or causing 
discomfort seem to remain like this or stabilize even further( Junghanss et al,2008). 

CE4 and CE5 cysts do not require any treatment if uncomplicated, CL cysts should not be 
treated, until their parasitic nature has been proven. Long-term follow-up of  with US 
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liver. Pre- and post-intervention chemotherapy with albendazole or mebendazole reduces 
the risk of disease recurrence and intraperitoneal seeding of infection that may develop by 
cyst rupture and spillage occurring spontaneously or during surgery or needle drainage. 
PAIR appears to be more effective treatment method with lower rates of major and minor 
complications, mortality, and disease recurrence. Hospitalization period is also shorter 
compared to patients treated surgically. PAIR is a safe and effective procedure of choice for 
patients with hepatic echinococcosis, and perhaps other anatomic sites of infection such as 
lung, peritoneum, kidney, and other viscera when the medication are ineffective.  Surgery 
should be reserved for patients with hydatid cysts refractory to PAIR because of secondary 
bacterial infection or for those with difficult-to-manage cyst-biliary communication or 
obstruction(Smego,2005) 

8.1.8 Monitoring the response to therapy  

Follow-up visits, including US examination should be done every 3–6 months initially and 
every year once the situation is stable. Leukocyte counts and aminotransferase 
measurements are necessary at monthly intervals to detect adverse reactions. Serum levels 
of the drugs can be measured but only few laboratories have the capacity to determine 
plasma drug levels (Brunetti et al,2010). 

8.1.8.1 Ultrasound  

Radiologic changes are not entirely reliable in assessing response to therapy. However, 
changes seen on ultrasound that seem to correlate with effective therapy include (Khuroo et 
al,1993; Sciarrino et al, 1991): 

1. Reduction in cyst size and volume  
2. Separation of the endocyst from the pericyst and detachment or collapse of membranes 

leading to a split wall (water lily sign)  
3. Decrease in size or number of daughter cysts and/or rupture of vesicles in 

multivesicular cysts  
4. Decrease in fluid within the cyst and increase of the solid component, leading first to 

development of internal echoes within the cyst (heterogeneous echo pattern) and then 
to obliteration of the cyst cavity by echogenic material (pseudotumor echo pattern)  

 
Echinococcosis 351 

5. Thickening and irregularity of the cyst wall  
6. Complete disappearance of the cyst (Figure 7, 8). 

Development of new cysts, increase in its volume or its liquid component and 
disappearance of visibly detaching membrane can be interpreted as relaps.( Echinonet,2005) 

 
Fig. 7. Post percutaneous treatment. B-mod US shows inactive cyst containing membranes 
and coarse echoes. Cyst wall is markedly thickened. 

 
Fig. 8. Post percutaneous treatment.  B-mode US shows collapsed flattened elliptical cyst 
(low pressure within the cyst), germinal layer detached from the cyst wall. 

8.1.8.2 Serology 

Serologic titers usually fall 1-2 years after successful surgery but it is not a rule. Antibodies 
may remain elevated even many years after cyst removal (Rigano et al,2002; Galitza et 
al,2006). Specific IgE antibody titers, IgG4 antibody and arc 5-based tests have been shown 
to be more sensitive than other tests (Baldelli et al,1992; Guisantes et al,1994; Shambesh et 
al,1997; Rigano et al,2002; Galitza et al,2006). There are also some new antigens which can be 
important in post-treatment monitoring. Nouir et al. synthesized recombinant Echinococcus 
granulosus protoscolex recP29 antigen to be preliminarily assessed by ELISA and 
immunoblotting and carried out on 54 young patients with cystic echinococcosis (CE). 
RecP29 ELISA showed a gradual decrease of antibody concentrations in all cured-CE cases 
that were initially (before treatment) seropositive to this antigen or that seroconverted 
following treatment. A complete seronegativity was reached within 3 years post-surgery in 
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all of these cases. They showed that recombinant P29 protein appears prognostically useful 
for monitoring those post-surgical CE cases with an initial seropositivity to this marker ( Ben 
Nouir ,2009). In a recent study of the same author, Echinococcus granulosus protoscolex 
soluble somatic antigens (PSSAs) were assessed for their prognostic value in the serological 
follow-up of young patients treated for cystic echinococcosis (CE), compared to 
conventional hydatid fluid (HF) antigen. They stated that PSSA represents a useful 
candidate to carry out a serologic follow-up of CE ( Ben Nouir  et al,2008). 

One of the major problems of CE is the assesment of serological markers to diagnose 
relapses. Galitza et al. followed six cystic echinococcosis patients who underwent surgery 
for the removal of echinococcal cysts. All were treated with albendazole prior to and 
following treatment. After surgery, no cysts were detected in five of the six patients 
examined. Both ELISA and immunoblot analysis have been used to determine specific IgG, 
IgG4 and IgE activities. Total elimination of IgG and IgG4 was not achieved in any of the 
patients studied. Prior to the first surgery/treatment, specific IgG, IgG4 and IgE antibodies 
were demonstrated in all patients, except one who did not show any IgE activity. The first 
treatment was followed by highly elevated IgE in two patients; in one of them it was further 
combined with an apparent decrease in IgG activity. Repeated treatment with albendazole 
given 0.8-8.5 years after the first treatment/surgery was followed by either moderate or 
highly reduced IgE activity in two patients, respectively, and a slight increase in IgG4 in 
another patient. A third course of treatment, given 2-2.5 years after the second treatment, 
barely affected the antibody activities. The study suggests that anti-echinoccocal antibody 
activity may remain high many years after successful cyst removal. The presence of anti-
echinococcal antibodies after surgery with no cyst detection does not necessarily indicate an 
active echinococcal infection (Galitza et al., 2006).   

8.2 Treatment for Echinococcus multilocularis  

The following principles should be followed for treatment for alveolar echinococcus:  

1. BMZ are mandatory in all patients, temporarily after complete resection of the lesions, 
and for life in all other cases, 

2. Interventional procedures should be preferred to palliative surgery whenever possible, 
3. Radical surgery is the first choice in all cases suitable for total resection of the lesion(s) 

(Brunetti et al,2010). 

8.2.1 Antiparasitic drug treatment 

Long-term BMZ treatment for several years is mandatory in all inoperable AE patients and 
following surgical resection of the parasite lesions. Since residual parasite tissue may remain 
undetected at radical surgery, including liver transplantation(LT), BMZ should be given for 
at least 2 years and these patients monitored for a minimum of 10 years for possible 
recurrence. Pre-surgical BMZ administration is not recommended except in the case of LT. 
The contrandications for medical treatment consist of only the life-threatening side effects of 
the drugs. In cases of pregnancy, the drug should be used with cautions (Brunetti et al,2010). 

The dose of albendazole is 10-15mg/kg/day given in 2 divided doses with a fat-rich meal. 
Continuous treatment with albendazole is preferred instead of intermittent treatment and it 
is well tolerated for more than 20 years. If ABZ is not available or not well tolerated, 
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mabendazole may be given at daily doses of 40–50 mg/kg/day divided into three doses 
with fat-rich meals. Based on experimental data, PZQ has no place in the treatment of 
human AE (Marchiondo et al., 1994). Nitazoxanide has no efficacy for treatment of AE. 
(Kern et al., 2008). Conventional and liposomal amphothericin B have been used as a salvage 
treatment in a few patients who did not tolerate BMZ (Reuter et al., 2003). 

During treatment, the clinican must control liver function tests initially every 2 weeks (first 3 
months), then monthly (first year), then every 3 months.  BMZ administration is crucial in 
all cases of AE, but if an increase above 5 times the upper limit of normal (ULN) of 
aminotransferases is observed, the following steps are recommended: 

1. Check for other causes of the increase (other medication, viral hepatitis, AE-related 
biliary obstruction or liver abscess), 

2. Monitor drug levels,  
3. If ABZ sulfoxide plasma levels are higher than the recommended range of 

concentrations (1–3 mol/L, 4 h after morning drug intake), decrease ABZ dosage and 
shift to the alternative BMZ (MBZ if ABZ and vice versa) and  

4. If an increase over 5×ULN persists, consult a reference centre.  

Decrease of leukocyte count under 1.0×109/L indicates BMZ toxicity and warrants treatment 
withdrawal ( Brunetti et al,2010). 

Medical therapy can improve the quality and length of survival, even though 
benzimidazoles are only parasitostatic and not curative. Approximately one-half the 
patients respond with regression or at least stabilization of their lesion. Survival rates of 53 
to 80 percent at 15 years have been observed with chemotherapy alone compared to 100 
percent mortality at 15 years without treatment(Ammann et al,1990; Wilson et al,1992;  
Wilson et al,1995). 

8.2.2 Surgery  

Radical resection is the primary goal. Whenever possible complete resection of AE lesions 
should be performed.  In principle, radical surgery should be avoided when R0- resection is 
not achievable. Excision of the entire parasitic lesion should follow the rules of tumour 
surgery, with a 2cm safety margin classified according to the quality of resection: (R0: no 
residue; R1: microscopic residue; R2: macroscopic residue). Lesions not confined to the liver 
are not a contraindication to surgery per se, but curative procedures have to meet the 
criteria for R0- resections as well. Lesions in other organs (e.g. brain) should be managed 
either by surgery or by alternative measures. Irrespective of the type of procedure, 
concomitant BMZ treatment is mandatory for at least 2 years. LT is contraindicated in the 
presence of extra-hepatic locations and if immunosuppressive drugs and/or BMZ are 
contraindicated. 

Li et al published their experiences in treatment of human multiorgan alveolar echinococcis 
by surgery and drugs. Among 17 cases, 8 cases achieved an excellent effect after taking 
liposomal albendazole, 3 cases received radical hepatectomy and 1 case pneumonectomy 
with a better effect, 1 case of palliative liver transplantation had lung metastasis and stayed 
on a long-term therapy of liposomal albendazole. Another case of liver transplantation 
received a long-term postoperative chemotherapy. And the metastases of lung and brain 
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all of these cases. They showed that recombinant P29 protein appears prognostically useful 
for monitoring those post-surgical CE cases with an initial seropositivity to this marker ( Ben 
Nouir ,2009). In a recent study of the same author, Echinococcus granulosus protoscolex 
soluble somatic antigens (PSSAs) were assessed for their prognostic value in the serological 
follow-up of young patients treated for cystic echinococcosis (CE), compared to 
conventional hydatid fluid (HF) antigen. They stated that PSSA represents a useful 
candidate to carry out a serologic follow-up of CE ( Ben Nouir  et al,2008). 

One of the major problems of CE is the assesment of serological markers to diagnose 
relapses. Galitza et al. followed six cystic echinococcosis patients who underwent surgery 
for the removal of echinococcal cysts. All were treated with albendazole prior to and 
following treatment. After surgery, no cysts were detected in five of the six patients 
examined. Both ELISA and immunoblot analysis have been used to determine specific IgG, 
IgG4 and IgE activities. Total elimination of IgG and IgG4 was not achieved in any of the 
patients studied. Prior to the first surgery/treatment, specific IgG, IgG4 and IgE antibodies 
were demonstrated in all patients, except one who did not show any IgE activity. The first 
treatment was followed by highly elevated IgE in two patients; in one of them it was further 
combined with an apparent decrease in IgG activity. Repeated treatment with albendazole 
given 0.8-8.5 years after the first treatment/surgery was followed by either moderate or 
highly reduced IgE activity in two patients, respectively, and a slight increase in IgG4 in 
another patient. A third course of treatment, given 2-2.5 years after the second treatment, 
barely affected the antibody activities. The study suggests that anti-echinoccocal antibody 
activity may remain high many years after successful cyst removal. The presence of anti-
echinococcal antibodies after surgery with no cyst detection does not necessarily indicate an 
active echinococcal infection (Galitza et al., 2006).   

8.2 Treatment for Echinococcus multilocularis  

The following principles should be followed for treatment for alveolar echinococcus:  

1. BMZ are mandatory in all patients, temporarily after complete resection of the lesions, 
and for life in all other cases, 

2. Interventional procedures should be preferred to palliative surgery whenever possible, 
3. Radical surgery is the first choice in all cases suitable for total resection of the lesion(s) 

(Brunetti et al,2010). 

8.2.1 Antiparasitic drug treatment 

Long-term BMZ treatment for several years is mandatory in all inoperable AE patients and 
following surgical resection of the parasite lesions. Since residual parasite tissue may remain 
undetected at radical surgery, including liver transplantation(LT), BMZ should be given for 
at least 2 years and these patients monitored for a minimum of 10 years for possible 
recurrence. Pre-surgical BMZ administration is not recommended except in the case of LT. 
The contrandications for medical treatment consist of only the life-threatening side effects of 
the drugs. In cases of pregnancy, the drug should be used with cautions (Brunetti et al,2010). 

The dose of albendazole is 10-15mg/kg/day given in 2 divided doses with a fat-rich meal. 
Continuous treatment with albendazole is preferred instead of intermittent treatment and it 
is well tolerated for more than 20 years. If ABZ is not available or not well tolerated, 
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mabendazole may be given at daily doses of 40–50 mg/kg/day divided into three doses 
with fat-rich meals. Based on experimental data, PZQ has no place in the treatment of 
human AE (Marchiondo et al., 1994). Nitazoxanide has no efficacy for treatment of AE. 
(Kern et al., 2008). Conventional and liposomal amphothericin B have been used as a salvage 
treatment in a few patients who did not tolerate BMZ (Reuter et al., 2003). 

During treatment, the clinican must control liver function tests initially every 2 weeks (first 3 
months), then monthly (first year), then every 3 months.  BMZ administration is crucial in 
all cases of AE, but if an increase above 5 times the upper limit of normal (ULN) of 
aminotransferases is observed, the following steps are recommended: 

1. Check for other causes of the increase (other medication, viral hepatitis, AE-related 
biliary obstruction or liver abscess), 

2. Monitor drug levels,  
3. If ABZ sulfoxide plasma levels are higher than the recommended range of 

concentrations (1–3 mol/L, 4 h after morning drug intake), decrease ABZ dosage and 
shift to the alternative BMZ (MBZ if ABZ and vice versa) and  

4. If an increase over 5×ULN persists, consult a reference centre.  

Decrease of leukocyte count under 1.0×109/L indicates BMZ toxicity and warrants treatment 
withdrawal ( Brunetti et al,2010). 

Medical therapy can improve the quality and length of survival, even though 
benzimidazoles are only parasitostatic and not curative. Approximately one-half the 
patients respond with regression or at least stabilization of their lesion. Survival rates of 53 
to 80 percent at 15 years have been observed with chemotherapy alone compared to 100 
percent mortality at 15 years without treatment(Ammann et al,1990; Wilson et al,1992;  
Wilson et al,1995). 

8.2.2 Surgery  

Radical resection is the primary goal. Whenever possible complete resection of AE lesions 
should be performed.  In principle, radical surgery should be avoided when R0- resection is 
not achievable. Excision of the entire parasitic lesion should follow the rules of tumour 
surgery, with a 2cm safety margin classified according to the quality of resection: (R0: no 
residue; R1: microscopic residue; R2: macroscopic residue). Lesions not confined to the liver 
are not a contraindication to surgery per se, but curative procedures have to meet the 
criteria for R0- resections as well. Lesions in other organs (e.g. brain) should be managed 
either by surgery or by alternative measures. Irrespective of the type of procedure, 
concomitant BMZ treatment is mandatory for at least 2 years. LT is contraindicated in the 
presence of extra-hepatic locations and if immunosuppressive drugs and/or BMZ are 
contraindicated. 

Li et al published their experiences in treatment of human multiorgan alveolar echinococcis 
by surgery and drugs. Among 17 cases, 8 cases achieved an excellent effect after taking 
liposomal albendazole, 3 cases received radical hepatectomy and 1 case pneumonectomy 
with a better effect, 1 case of palliative liver transplantation had lung metastasis and stayed 
on a long-term therapy of liposomal albendazole. Another case of liver transplantation 
received a long-term postoperative chemotherapy. And the metastases of lung and brain 
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were found. Three operative cases suffered serious complications in liver and brain and 
received a long-term chemotherapy. One of them died of serious brain complications after a 
6-month follow-up. And one advanced AE patient died at home due to a refusal of any 
further treatment. They concluded that  multi-organ AE patients may have a prolonged 
survival and an improved clinical outcome (Li et al,2010) 

8.2.3 Liver transplantation 

The indications for liver transplantation are: 

1. Severe liver insufficiency (secondary biliary cirrhosis or Budd-Chiari syndrome) or 
recurrent life-threatening cholangitis, 

2. Inability to perform radical liver resection 
3. Absence of extra-hepatic AE locations: cases with residual AE in lung or abdominal 

cavity should be regarded as exceptional indications,  (Scheuring et al., 2003). 

Liver transplantation can be performed in cases with nonresectable lesions and severe liver 
compromise, but residual parasite tissue may be prone to more rapid growth because of the 
immunosuppression that is required following transplantation. In order to minimize the 
risk, post-transplant adjuvant chemotherapy with a benzimidazole is advised (Bresson-
Hadni,1999). Moray et al. reported 2 patients with advanced alveolar echinococcal disease 
that invaded both lobes of the liver and neighboring vital structures including the inferior 
vena cava. Despite the technical difficulty of the surgery, both patients were successfully 
treated with living donor liver transplantation. The author concludes that liver 
transplantation should be accepted as a life-saving treatment of choice in patients with 
alveolar echinococcosis for whom there is no other medical or surgical treatment options 
(Moray et al,2009).  

Liver transplantation  is currently contraindicated in patients with residual or metastatic 
alveolar echinococcosis lesions. Hadni et al. evaluated the long-term course of such patients 
who underwent LT and were subsequently treated with benzimidazoles. They found that 
high doses of immunosuppressive drugs, the late introduction of therapy with 
benzimidazoles, its withdrawal due to side effects, and nonadherence to this therapy 
adversely affected the prognosis. They stated that potential recurrence of disease, especially 
in patients with residual or metastatic AE lesions, should not be regarded as a 
contraindication to LT when AE is considered to be lethal in the short term (Bresson-Hadni 
et al,2011). 

8.2.4 Endoscopic and Percutaneous Interventions (EPI) 

EPIs are indicated for complications if surgery is felt to be too high a risk and total resection 
of the lesions cannot be safely performed. Main indications include liver abscess due to 
bacterial infection of necrotic lesions, jaundice due to bile duct obstruction with or without 
acute cholangitis, hepatic or portal vein thrombosis and bleeding of oesophageal varices 
secondary to portal hypertension. But EPI spread parasite material and should be avoided if 
postinterventional BMZ is not possible. EPIs together with BMZ avoid palliative surgery 
and can improve life expectancy and quality of life of AE patients. In addition, radical 
resection which was not possible initially may become feasible following the shrinkage of a 
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necrotic cavity after percutaneous drainage. Risks of EPIs include haemorrhage (for all 
procedures) and internal bile leakage or prolonged bile leakage through an external drain 
for bile duct drainage. 

8.2.5 Monitoring treatment 

After initiation of any type of treatment, long-term follow-up by US at shorter intervals and 
CT and/or MRI at intervals of 2–3 years, should be planned. Progression is documented by 
enlargement of lesions over time. Determination of ABZ sulfoxide blood levels, 4 h after the 
morning dose, is recommended 1, 4 and 12 weeks after starting treatment, and 2–4 weeks 
after each dose adjustment with an estimated therapeutic range of 0.65–3 mol/L. ABZ 
dosage should be reduced if 2 sequential measurements are above 10 mol/L. Monitoring of 
MBZ plasma level is possible; plasma levels should be over 250 nmol/L (WHO-IWGE, 
1996). 

Scheuring et al. reported a case of advanced alveolar echinococcosis which was diagnosed 
histologically from a subcutaneous nodule with skin inflammation on the right leg. The 
patient showed bone metastases in the lower thoracic spine and the left third toe by 
hematogenic spread. The patient was treated with albendazole and remained stable for 6 
years. When progression of AE occurred the therapy was changed to mebendazole, 
resulting in a stable condition for further 4 years. The author showed that serum levels of 
Anti-Em2 and anti-Em18 antibodies decreases rapidly after complete surgical removal of the 
lesions. (Scheuring et al., 2003). Interpretation of serological results in patients treated with 
BMZ without radical resection is more complex (Tappe et al., 2009).  

Ammann et al showed that in patients with curative surgery, the profiles of specific 
antibodies against EmII/3-10 antigen normalized within 3 years but remained above the 
cut-off value in 40% of non-resectable group. This lack of normalization was associated with 
lower bioavailability of mebendazole. AE-recurrence after 'radical' surgery  was associated 
with high anti-EmII/3-10 concentrations.Presence of anti-II/3-10/Em18-antibodies is more 
likely to reflect the presence of a viable metacestode with disappearance of such antibodies 
indicating lesions dying-out (Ammann et al., 2004). 

BMZ are only parasitostatic and many studies have demonstrated that they do not kill E. 
multilocularis metacestodes (WHO-IWGE, 1996). Methods to assess early therapeutic efficacy 
are lacking. Recently, AE liver lesions were reported to exhibit increased F-18-
fluorodeoxyglucose (FDG) uptake in positron emission tomography. This may be an 
important tool when there is a tendency to stop treatment. Although it does not provide 
direct evidence of E. multilocularis viability and recurrence may occur, this technique, 
together with the follow-up of specific serum antibodies, may support decision making and 
follow-up after BMZ withdrawal in highly selected patients. (Reuter et al., 2004; Stumpe et 
al., 2007). 

9. Economic burden of Echinococcosis 
Echinococcus is an important public health and economic problem in endemic regions of the 
world. In humans, CE may have various consequences, including direct costs such as 
diagnosis, hospitalisation, surgical or percutaneous treatments, medical therapy, post-
treatment care, travel for both patient and family members as well as indirect costs such as  
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were found. Three operative cases suffered serious complications in liver and brain and 
received a long-term chemotherapy. One of them died of serious brain complications after a 
6-month follow-up. And one advanced AE patient died at home due to a refusal of any 
further treatment. They concluded that  multi-organ AE patients may have a prolonged 
survival and an improved clinical outcome (Li et al,2010) 

8.2.3 Liver transplantation 

The indications for liver transplantation are: 

1. Severe liver insufficiency (secondary biliary cirrhosis or Budd-Chiari syndrome) or 
recurrent life-threatening cholangitis, 

2. Inability to perform radical liver resection 
3. Absence of extra-hepatic AE locations: cases with residual AE in lung or abdominal 

cavity should be regarded as exceptional indications,  (Scheuring et al., 2003). 

Liver transplantation can be performed in cases with nonresectable lesions and severe liver 
compromise, but residual parasite tissue may be prone to more rapid growth because of the 
immunosuppression that is required following transplantation. In order to minimize the 
risk, post-transplant adjuvant chemotherapy with a benzimidazole is advised (Bresson-
Hadni,1999). Moray et al. reported 2 patients with advanced alveolar echinococcal disease 
that invaded both lobes of the liver and neighboring vital structures including the inferior 
vena cava. Despite the technical difficulty of the surgery, both patients were successfully 
treated with living donor liver transplantation. The author concludes that liver 
transplantation should be accepted as a life-saving treatment of choice in patients with 
alveolar echinococcosis for whom there is no other medical or surgical treatment options 
(Moray et al,2009).  

Liver transplantation  is currently contraindicated in patients with residual or metastatic 
alveolar echinococcosis lesions. Hadni et al. evaluated the long-term course of such patients 
who underwent LT and were subsequently treated with benzimidazoles. They found that 
high doses of immunosuppressive drugs, the late introduction of therapy with 
benzimidazoles, its withdrawal due to side effects, and nonadherence to this therapy 
adversely affected the prognosis. They stated that potential recurrence of disease, especially 
in patients with residual or metastatic AE lesions, should not be regarded as a 
contraindication to LT when AE is considered to be lethal in the short term (Bresson-Hadni 
et al,2011). 

8.2.4 Endoscopic and Percutaneous Interventions (EPI) 

EPIs are indicated for complications if surgery is felt to be too high a risk and total resection 
of the lesions cannot be safely performed. Main indications include liver abscess due to 
bacterial infection of necrotic lesions, jaundice due to bile duct obstruction with or without 
acute cholangitis, hepatic or portal vein thrombosis and bleeding of oesophageal varices 
secondary to portal hypertension. But EPI spread parasite material and should be avoided if 
postinterventional BMZ is not possible. EPIs together with BMZ avoid palliative surgery 
and can improve life expectancy and quality of life of AE patients. In addition, radical 
resection which was not possible initially may become feasible following the shrinkage of a 
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necrotic cavity after percutaneous drainage. Risks of EPIs include haemorrhage (for all 
procedures) and internal bile leakage or prolonged bile leakage through an external drain 
for bile duct drainage. 

8.2.5 Monitoring treatment 

After initiation of any type of treatment, long-term follow-up by US at shorter intervals and 
CT and/or MRI at intervals of 2–3 years, should be planned. Progression is documented by 
enlargement of lesions over time. Determination of ABZ sulfoxide blood levels, 4 h after the 
morning dose, is recommended 1, 4 and 12 weeks after starting treatment, and 2–4 weeks 
after each dose adjustment with an estimated therapeutic range of 0.65–3 mol/L. ABZ 
dosage should be reduced if 2 sequential measurements are above 10 mol/L. Monitoring of 
MBZ plasma level is possible; plasma levels should be over 250 nmol/L (WHO-IWGE, 
1996). 

Scheuring et al. reported a case of advanced alveolar echinococcosis which was diagnosed 
histologically from a subcutaneous nodule with skin inflammation on the right leg. The 
patient showed bone metastases in the lower thoracic spine and the left third toe by 
hematogenic spread. The patient was treated with albendazole and remained stable for 6 
years. When progression of AE occurred the therapy was changed to mebendazole, 
resulting in a stable condition for further 4 years. The author showed that serum levels of 
Anti-Em2 and anti-Em18 antibodies decreases rapidly after complete surgical removal of the 
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mortality, suffering and social consequences of disability, loss of working days or 
“production”, abandonment of farming or agricultural activities by affected or at-risk 
persons (Battelli, 2009). In the literature, there are some studies evaluating the overall 
economic losses due to human and animal disease. The total estimated cost of human CE in 
Peru is U.S.$2,420,348  per year. Total estimated livestock-associated costs due to CE ranges 
from U.S.$196,681  if only direct losses (i.e., cattle and sheep liver destruction) are taken into 
consideration to U.S.$3,846,754 if additional production losses (liver condemnation, 
decreased carcass weight, wool losses, decreased milk production) are accounted for. An 
estimated 1,139 (95% CI: 861–1,489) disability adjusted life years (DALYs) are also lost due 
to surgical cases of CE (Moro et al,2011). 

A study from Spain showed that the overall economic loss attributable to CE in humans and 
animals in 2005 was estimated at 148 964 534 euros. Human-associated losses were 
estimated at €133 416 601 and animal-associated losses at €15 532 242(Benner et al,2010). 
Another study from Turkey where the mean prevalence rates of the cystic echinococcosis 
disease were calculated to be 7.4% in cattle, 46.3% in sheep and 10.9% in goats, the 
production losses in an infected ruminant were estimated as US$ 139.2  for cattle, US$ 13.7  
for sheep, and US$ 13.9  for goats. The nation-wide annual losses due to CE were estimated 
as US$ 32.4 million (26.2–39.1) for cattle, US$ 54.1 million (43.8–65.5) for sheep and US$ 2.7 
million (2.2–3.3) for goats. The nation-wide production losses due to CE in Turkey in 2008 
were calculated as US$ 89.2 million (72.2–107.9) (Sarozkana&Yalcn, 2009). 

In a report from China quantifying the economic losses due to Echinococcus multilocularis 
and E. granulosus in Shiqu County, Sichuan; showed that human losses associated with 
treatment costs and loss of income due to morbidity and mortality, in addition to 
production losses in livestock due to E. granulosus infection was estimated to reach 218,676 
U.S. dollars if only liver-related losses in sheep, goats, and yaks are taken into account. This 
was equal to approximately 3.47 U.S. dollars per person annually or 1.4% of per capita gross 
domestic product. They stated that  total annual losses could be nearly 1,000,000 U.S. dollars 
if additional livestock production losses were assumed (Budke et al,2005). 

A report from Tunisia states that Echinococcosis causes significant direct and indirect losses 
in both humans and animals of approximately US dollars 10-19 million annually 
(Majorowski et al,2005). 

The awareness of the social and economic burden of the disease accelerated the use of 
control and prevention programmes. 

10. Control of the disease 
10.1 Control of E. granulosus infection 

Prevention of cystic echinococcosis often can be achieved mostly by avoiding close contact 
with dogs. Careful washing of vegetables and contaminated fresh produce can also reduce 
infection. Prohibition of home-slaughter of sheep will prevent dogs from consuming 
infected viscera, thus disrupting the life cycle of the parasite(23). 

In some countries where an eradication program has been attempted (eg, Iceland, Australia 
and New Zealand), a marked decrease in human cases has occurred (Craig et al,2006). 
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Vaccination of livestock and dogs, special educational programmes, development of better 
diagnostics for definitive hosts and human beings (including dog coproantigen detection), 
more effective antiparasitic treatments and the use of mathematical models to simulate best 
possible cost-eff ective interventions, will improve the hydatid control programmes(Craig et 
al,2007).  

Albendazole (ABZ), along with levamisol and ivermectin, is one of the most used 
antiparasitic drug in sheep, goats, cattle, horses and pigs. It has been shown that ABZ is not 
detected in the plasma of treated sheep at any time after administration, but its active 
metabolites, albendazole sulphoxide and albendazole sulphone are detectable for about 48 
hr after administration. Oxfendazole (OXF), another benzimidazole like ABZ, has broad-
spectrum activity against larval stages of gastrointestinal roundworms, tapeworms, and 
lungworms in many animal species(Lanusse et al, 1995).  

In a study of Gavidia et al, effects of Oxfendazole alone (an antiparasitic drug used in 
animals), Oxfendazole plus Praziquantel, and Albendazole plus Praziquantel against 
hydatid cysts in sheep were evaluated. They demonstrated that over 4 to 6 weeks of 
treatment, Oxfendazole at 60 mg, combination Oxfendazole/Praziquantel and combination 
Albendazole/Praziquantel were successful schemas that could be added to control 
measures in animals. OXF has not yet been approved for human(Gavida et al,2010). 

10.2 Control of E. multilocularis infection 

Currently, there is no reliable and cost-effective method for sustainable control or 
eradication of E. multilocularis in the sylvatic cycle. Large field trials have been conducted 
since 1995 in Germany for mass treatment of red foxes with baits containing 50 mg of 
praziquantel. The baits are repeatedly distributed by light aircraft. Although first reports 
stated that reducing the prevalence of E. multilocularis in the fox population was possible, 
other trials suggest that long-term control of E. multilocularis, in the sylvatic cycle in large 
areas, is extremely difficult and costly(Eckert & De-Plazes ,2004). In another study in Zurich,  
praziquantel-containing baits were distributed every month for 2 years in six areas of 1 km2 
inhabited by foxes. Preliminary results indicate a significant decrease of the environmental 
contamination with E. multilocularis eggs and of parasite prevalences in voles in baited areas 
compared to those in control areas (Heglin et al,2003). Monthly praziquantel given to dogs 
in a 10-year field trial in Alaska was effective in reducing egg contamination(Rausch et 
al,1990). 

In areas of endemic infection with low prevalences of E. multilocularis infection in dog and 
cat populations, mass treatment of these animals may currently be neither indicated nor 
feasible. In these circumstances it may be appropriate to give regular praziquantel treatment 
every 4 weeks only to dogs and cats having access to infected rodents(Eckert & De-Plazes 
,2004).  

For persons at especial risk (for example, laboratory personnel working with E. multilocularis 
eggs or handling infected definitive hosts, children after exposure to feces of infected foxes, 
etc.), repeated serological screening for anti-E. multilocularis antibodies by using highly 
sensitive and specific tests is recommended, with the aim of detecting an infection in an 
early stage or excluding it with a reasonable degree of probability. Special safety precautions 
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are recommended for laboratory and field workers possibly exposed to infective E. 
multilocularis eggs (Eckert et al,2001). 

11. Vaccination  
The life-cycles of E. granulosus and E. multilocularis include two hosts: an intermediate and a 
definitive host. Prevention of transmission to either host can reduce or even eliminate the 
infection in human and livestock populations. Vaccination is the most important issue for 
the control of the disease.  Vaccination of humans would provide the most direct means to 
prevent echinococcosis but the economic burden might be very high. Instead, vaccination of 
the normal animal hosts of the parasites, indirectly achieves a reduction in human incidence 
by decreasing or removing the source of infective material for humans. The latter strategy 
would be considerably less expensive to develop and implement.(Craig et al, 2007) 

The sylvatic nature of the lifecycle of E. multilocularis makes a vaccination approach 
impossible.(Zhang &McManus 2006) But a defined recombinant vaccine for ovine cystic 
echinococcosis (called EG95) was developed in 1996 by the groups of Marshall Lightowlers 
and David Heath in Australia and New Zealand. The native molecule is 24.5 kDa and 
cloned as a 16.5 cDNA fusion peptide of 155 aminoacids with a fibronectin-like motif under 
the control of seven closely related genes. EG95 vaccine, contains a purified recombinant 
protein of the parasite oncosphere as well as an adjuvant. Echinococcus vaccines would 
ideally prevent oncosphere development to hydatid cysts in sheep, and thus stop the 
development of adult gravid tapeworms in dogs. Two doses of the vaccine are administered 
initially one month apart, followed by a required annual booster. This vaccine has been 
studied in animals and appears to afford 95 percent protection to sheep, cattle and goats in 
preliminary trials(Heath et al,2003; Lightowers et al,1996,2000; Zhang,2003). 

The EG95 hydatid vaccine was licensed for application in China in June 2007 and is 
currently being assessed for registration in Argentina. Field trials are underway in 
Argentina in the Tehuelche communities of Chubut province and the Mapuche communities 
of Rio Negro province. Clinical trials are underway in Turkey with a clostridial  EG95 
combination vaccine for sheep. It would be better to incorporate EG95 with an existing 
commercial livestock vaccine such as tetanus, leptospirosis, or sheep orf.( Bethony  et 
al,2011) 

Compared with the major advances in vaccinating sheep against E. granulosus, there is 
currently no practical vaccine available for use in canid hosts of E. granulosus. However, a 
vaccine that reduces egg production would potentially be sufficient to limit transmission in 
areas where the parasite is endemic. In fact, dogs are the major definitive host for E. 
granulosus and plays a very important role in transmission. Interruption of the parasite life 
cycle in the dog host can provides a very acceptable and cost-effective complementary 
method for control by vaccination.(Zhang & McManus ,2006) Nevertheless, a series of 
experiments to induce immunity in dogs through vaccination have been carried out, with 
some encouraging results.  

Zhang et al. used differential-display PCR to isolate three differentially expressed sequences 
(egM4, egM9 and egM123) belonging to a novel egM family of proteins expressed 
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exclusively by mature adult worms (MAWs) of E. granulosus and associated with adult 
worm maturation and/or egg development(Zhang et al,2003b). Subsequently, the three 
genes were subcloned into an expression vector that expressed the molecules as soluble 
glutathione S-transferase (GST) fusion proteins in Escherichia coli. The three fusion proteins 
were purified for vaccine trials in which the dogs were vaccinated and necropsied 45 days 
after challenge infection (Zhang et al,2006). Compared with worms in the control dogs that 
received GST, the three recombinant proteins induced a high level of protection (97–100%) 
in terms of suppression of worm growth and, especially, of egg development and 
embryogenesis. This study was the first to demonstrate protection against E. granulosus in 
dogs vaccinated with recombinant proteins derived from MAWs. 

Another group isolated a single copy gene (EgA31) from E. granulosus encoding a 
paramyosin-like 66-kDa fibrillar protein present in the muscles and tegument of adult 
worms(Fu et al, 1999). A recombinant form of EgA31 induced significant cellular immune 
responses in lymph nodes from dogs after intradermal injection( Fu et al,2000; Saboulard et 
al, 2003). Subsequently, a polypeptide encoded by the Pst I–Hind III fragment of the 
complete EgA31 cDNA was shown to be the most potent antigenically during infection in 
the dog (Saboulard et al,2003). Surprisingly, neither recombinant forms of EgA31 nor the Pst 
I–Hind III fragment were tested for protective efficacy in dogs challenged with E. granulosus. 

12. Conclusion 
Echinococcosis is a zoonotic parasitic disease distributed widely around the world and is an 
important cause of human morbidity and mortality, particularly in developing countries. 
Although imaging and immunological techniques for diagnosing CE and AE are improved, 
elimination of the disease is still difficult with current treatment modalities. Surveillance 
programmes and monitoring systems are very important tools in disease control as well as 
vaccination, although there is still no reliable and cost effective method for sustainable 
control or eradication of AE. Vaccination is the most reliable method in control of CE. The 
EG95 vaccine of livestock animals has considerable impact on management of hydatid 
disease in endemic areas and achieves a reduction in human incidence.  Nevertheless, 
development of EG95 as a human vaccine would provide the most direct way of preventing 
the disease and be important in reduction of human morbidity and mortality caused by 
hydatid disease in endemic areas. 
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1. Introduction  
In recent years, an increasing number of zoonotic diseases and outbreaks affecting people 
around the world and it is estimated that of the emerging infectious diseases of humans, 
75% are zoonosis (Merianos, 2007). Clearly, these recent events, a number of issues are 
involved, a fundamental question to be the livestock production systems, as well as the 
mismanagement of the health of livestock. In this context it is worth questioning the 
influence of agruculture genetics of microorganisms and the impact that may result from 
public health (Rosenthal, 2009). A program of activity in animal health planning is applied 
regularly veterinary herd management and to maintain good animal health and 
productivity at optimum levels. 

Zoonosis affecting reproductive system animals and potentially humans, are common in 
herds worldwide, requiring prevent them correctly (Del Fava et al., 2003). This involves 
education, health and performance of vaccine efficacy in herds. However, although this 
practice capable of generating results broadly favorable, due to increased herd immunity 
and reduce the impact of an outbreak, vaccination alone is not able to prevent zoonotic 
infections and loss (Sanderson & Gnade, 2002). Herds infected with zoonotic agents such as 
Brucella abortus, Campylobacter spp., Coxiella burnetii, Toxoplasma gondii, among others, 
are deeply affected both the economic point of view, due to losses in production rates as a 
whole, they become capable disease transmit to humans. In this context, the susceptibility to 
infections, mainly farmers and others rural workers who daily with the animals carry 
zoonosis (Viana & Zanini, 2009b). 

This problem is more complex developing countries compared with developed countries, 
due to a several factors such as lack of intensive programs for control and eradication 
certain diseases. What is more aggravating the epidemiological situation neglected diseases 
is underreporting, especially in Latin America, Africa and Asia. Therefore, this chapter 
provides an approach of some zoonotic agents that cause abortions, as well as attention of 
farmers in the prophylaxis and control these microorganisms, in view of risks and 
implications to human health.  
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2. Brucellosis 
Brucellosis is one of the most important worldwide zoonotic diseases affecting livestock and 
humans (Corbel, 1997). According to Gorvel & Moreno (2002), although the classical 
denition of Brucella species describe these bacteria as facultative intracellular parasites, this 
denition does not honor their true nature which is better understood as a facultative 
extracellular intracellular parasite. That means that the Brucella preferred niche is the 
intracellular environment of host cells. This environment sustains extensive replication, 
allowing bacterial expansion and the subsequent transmission to new host cells, frequently 
achieved through the heavily infected aborted foetus. 

Brucella infection is responsible for the decrease from 20 to 25% in milk production, 10 to 
15% in meat production, 15% loss of calves due to abortions, increased 30% in the rate of 
replacement animals, increased calving interval of 11.5 to 20 months. In addition, every five 
infected cows abort, one or become permanently infertile (Acha & Szyfres, 2003). Besides the 
loss of animal productivity, brucellosis is a zoonosis of major importance in health public 
(Freitas & Oliveira, 2005). The species that may infect man are B. melitensis, B. suis, B. abortus, 
and B. canis. B. melitensis colonizes ovine stock and is the frequent cause of brucellosis, 
globally in humans. 

2.1 Important aspects in public health veterinary 

The transmission of Brucella infection and its prevalence in a region depends upon several 
factors like food habits, methods of processing milk and milk products, social customs, 
climatic conditions, socioeconomic status, husbandry practices and environment hygiene. In 
this context, environmental sanitation is particularly important (Mantur & Amarnath, 2008). 

Despite the ongoing demonstrations and disclosures about risk from the consumption of 
raw inadequately treated by heat, contact with animals without observing safety 
precautions, handling and manipulations viscera, and by products excretions of animals 
without the use of equipment individual protection, brucellosis remains an important public 
health problem world (Freitas et al., 2001). Information relating to the activities of livestock 
management is fundamental to the generation of animal products high quality. However, 
often not enough information to small producers, cowboys and others working in rural 
areas and this lack of information is still an obstacle on the health of livestock (Viana et al., 
2009a,b). 

Brucellosis in pregnancy has no effect on the incidence of congenital malformations or 
stillbirths. Preterm delivery and low birth weight can be seen as pregnancy outcomes in 
brucellosis (Gulsun et al., 2011). It as been shown a remarkably high incidence (43%) of rst 
and second-trimester spontaneous abortions among pregnant women with active brucellosis 
and the intrauterine fetal death rate in the third trimester was 2% (Khan et al., 2001). 
Rifampicin is considered the drug of choice for treatment pregnant women because its 
safety and can be used with or without combination with other antibiotics such as 
cotrimoxaxole and cephtriaxone (Gulsun et al., 2011; Karcaaltincaba et al., 2010; Pappas et 
al., 2005; Solera, 2000). 

2.1.1 Failures in programs of control and eradication brucellosis 

Control and eradication of brucellosis is a measure desired by many countries here the 
disease is endemic. However, this result is difficult and expensive, taking into account the 
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specific climatic, geographical, socio-economic, technical resources and personnel, 
prevalence of disease, as well as the strict commitment of farmers in vaccinations programs 
(Kolar, 1984). In this sense, developing countries have encountered major difficulties both in 
setting and in achieving success in their programs of control and eradication of animal 
brucellosis (Blasco & Moryon, 2010; Hegazy et al., 2009; Nateloski et al., 2010). Certainly, 
some significant flaws can be identified, such as voluntary vaccination and lack of 
conditions of programs financially afford to economic losses of farmers, the loss of positive 
animals (Hegazy et al., 2011; Nateloski et al., 2010). Furthermore, cultural issues should also 
be taken into account, since in India, culling of infected cows is a taboo, affecting effort to 
eradication disease (Gwida et al., 2010). 

The fact that brucellosis be spread herds in several regions has caused concern from the 
standpoint of public health, especially when it comes to developing countries. The issue is 
more sensitive in rural areas, where habits of people in eating unpasteurized milk, as well as 
frequent contact with animal secretions and remains of the placenta (Figure 1) and aborted 
fetuses are, without doubt, most important risk factors to health human (Almuneef et al., 
2004; Makita et al., 2010; Vasconcellos, 3003; Viana et al., 2009). Moreover, risk practices in 
rural areas such as skinning of stillborn lambs and kids, as well as crushing the umbilical 
cord of newborn lambs and kids with teeth can also be contributing factors (Hussein et al., 
2005). However, situations such as the habit of eating aborted fetuses by populations in 
Equedor, can be characterized as a risk factors (Mantur & Amarnath, 2008). 

 
Fig. 1. Cow placenta exposed in the pasture. Situations as shown in this figure are common, 
characterized as a risk factor for infection by Brucella abortus in farmers who deal daily with 
livestock. 

Brucellosis prevalence varies very widely in equine (0.24-37.50%), bovine (0.58-35.90%), 
caprine (0.40-33.3%), ovine (0.28-16.70%) and camelidae (1.8-7.48%), while humans had the 
least prevalence (0.89-4.10%) (Gul & Khan, 2007). However, the true incidence of human 
brucellosis in most countries is still unknown. Really is found in Latin America, Africa, Asia, 
Middle Eastern and Southern European, certainly due to underreporting (Lucero et al., 2008; 
Mantur & Amarnath, 2008). In the context, african countries deserve greater attention in the 
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epidemiological scenario, since networks and programmes of surveillance, notification and 
vaccination are virtually nonexistent. Furthermore, the majority countries are extremely 
limited economic, in addition, to the habits os people living with their livestock. Besides 
this, a most aggravating factor is that there is much more morbid endemic infectious 
diseases such as malaria. Patients presenting with febrile frames are empirically diagnosed 
with malaria, and only the non-responders are tested for brucellosis (Pappas et al., 2006). 

Prevention human brucellosis depends mainly on the control or eradication of the disease in 
animals. However, few countries were successful in eradication it from their herds, such as 
Australia, Canada, Denmark, Finland, Netherlands, New Zeland, Norway, Sweden, UK and 
Japan. Stocks successful these countries are an exemple to those who seek better results in 
their eradications programs. However, control of infected animals in developing countries 
requires considerable affort to build solid infrastructure that educates people about the risks 
of contracting brucellosis (Seleem et al., 2010). Although rural populations, as well as 
professionals who deal directly with cattle industry are at higher risk situations, it is 
important to note that urban populations in developing regions are also at risk of acquiring 
the disease through comsumption products of animal origin in bad (Franco et al., 2007). In 
the general context, with no interest and mutual effort of all aspects of society, with 
measures of health education and, above all, political support, the changes success in the 
eradication brucellosis is almost nonexistent. 

3. Campylobacteriosis 
Campylobacteriosis it is a zoonotic disease caused by several species of the genus 
Campylobacter. Thermophilic species are important targets of research in veterinary public 
health due to environmental persistence and a large number of potential hosts (Hannon et 
al., 2009). Campylobacter jejuni (C. jejuni) is the leading cause of bacterial gastroenteritis 
caused food in the world, and interest in this species has increased in recent years as a result 
of growing appreciation of its importance as a pathogen and the availability of new model 
systems and technologies genetic and genomic (Young et al., 2007), followed by 
Campylobacter coli (C. coli) (Tam et al., 2003). 

Often, it is reported that the contamination of poultry meat and eggs is the main cause of 
infection in man (Friedman et al., 2004). However, it has been reported that the consumption 
of raw fruits and vegetables is an important risk factor for Campylobacter infections, 
especially for vegetables sold packaged (Verhoeff-Bakken et al., 2011). In addition, water 
contamination, ingestion of unpasteurized milk and contact with farm animals presenting 
diarrhea has been associated with outbreaks campylobacteriosis (Butzler et al., 2004; Gilpin 
et al., 2008; Huang et al., 2009; Pebody et al., 1997). 

Infection with C. jejuni causes symptoms of diarrhea characterized by often bloody 
abdominal pain, fever and headache, and the incubation period of 1-10 days. However, not 
only the infection itself is worrying, but also its consequences, such as Guillain-Barré 
syndrome, characterized by a subacute polyneuropathy. This syndrome is very severe, 
mortality rate may reach 2-3% and major neurological sequelae in 20% of cases (Hughes & 
Rees, 1997; Leonard et al., 2004; Moore et al., 2005). However, patients with C. jejuni-related 
Guillain-Barré syndrome can show transient slowing of nerve conduction, mimicking 
demyelination, but C. jejuni infection does not appear to elicit acute inflammatory 
demyelinating polyneuropathy (Kuwabara et al., 2004). 
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3.1 Bovine genital campylobacteriosis 

Bovine genital campylobacteriosis (BGC) also known as bovine venereal campylobacteriosis 
(BVC) is transmitted mainly by Campylobacter fetus subsp. veneralis and Campylobacter fetus 
subsp. fetus. The two species cause reproductive problems in cattle; however, the 
manifestation infection with this subspecies differs in the occurrence and pathogenesis. 
However, infection with C. fetus subsp. fetus is more related to sporadic abortions in cattle, 
and enzootic infertility in sheep (Stynen et al., 2003). BGC is closely associated with reduced 
pregnancy rates, low fertility, embryo mortality, abortions and increased calving interval 
(Mshelia et al., 2010). In males the infection is limited to the preputial cavity, but no clinical 
abnormalities were absorved in infected animals. However, these animals become 
asymptomatic carriers and are very important in the transmission of bacteria during 
intercourse. There may be a decrease in libido for excess service due to high repetition rates 
of estrus (Jesus, 1999). 

The BGC is a difficult disease to control in countries with large cattle herds, were the 
dominant management system uses natural breeding. Because it is a sexually transmitted 
disease, initial clinical signs are not always apparent and when the disease is found in the 
herd, economic losses are already large (Alves et al., 2011). 

BGC presents with worldwide distribution, paying attention to countries that the clinical 
disease has been recently confirmed as Argentina, Australia, Austria, Brasil, Costa Rica, 
France, Ireland, Jamaica, Namibia, New Zeland, South Africa, United Kingdom, United 
States and Uruguay (OIE, 2011) (Figure 2). However, understanding the epidemiology BGC 
not easy to official agencies, since many countries fail to report the incidence and outbreaks 
of disease. This is clearly visible in the records of the OIE (Fig. 2), mainly in African and 
Asian countries. 

 
Fig. 2. Global distribution bovine genital campylobacteriosis from July to December 2010. 
Adapted from OIE (2011) 

The establishment control program BGC requires artificial insemination with semen exempt 
from microorganism (BonDurant, 2005). This factor is paramount to be successful in the 
program. However, when involved large herds of cattle, where extensive creation system is 
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predominant, and the high cost of litigation, technological difficulties, and properties of 
human resources, success can be compromised (Alves et al., 2011). Furthermore, detection 
and identification of the agent are key-factor in control programs, being established in the 
handbook of the World Organization for Animal Health (OIE) Manual of Diagnostic Tests 
and Vaccines for Terrestrial Animals. However, a major study showed that, overall, a 
variety of methods for detection and identification C. fetus subsp. veneralis are in use, these 
was a lack of harmonization that may have consequences for the description of the health 
status of countries and may lead to disputes with respect to trade regulations (Van Bergen et 
al., 2005). 

BGC vaccination in herds, despite being a best practice, has not been widely practiced, 
although it has been quite effective in the prevention of repeated abortions and turnover 
(BonDurand, 2005). Certainly, the lack of information by farmers is still an obstacle for this 
practice preventive BGC established in herds. Partly, too, commercial vaccines have not 
been efficient enough to avoid negative impact of natural infection (Cobo et al., 2003). 
Furthermore, route vaccine administration can also be correlated with successful 
prevention, since the vaginal route, compared with subcutaneous route has shown better 
results compared to commercial vaccines (Cobo et al., 2004) due to generation IgA 
antibodies are responsible for mucosal immunity. Nevertheless, cost-benefit control of BGC 
by vaccination is positive because has been shown that return is around 18 times the amount 
invested in vaccination, and the gain of only a weaned calf equivalent about cost vaccination 
of 100 animals (Leite, 1977). 

4. Q fever 
Q fever is a zoonosis of worldwide distribution caused gram-negative intracellular bacteria 
Coxiella burnetii, which can infect arthropods, birds and animals (Cutler et al., 2007). In 
humans, infection is usually asymptomatic, however, can progress to acute or chronic, with 
flu-like illness, pneumonia, hepatitis or endocarditis, spontaneous abortion and stillbirths 
respectively (Arrycau-Bouvery & Rodolakis, 2005). The infection mainly occurs after direct 
or indirect contact with infected animals, principally mammals, usually as a result of 
inhalation of contaminated aerosols from amniotic fluid or placenta. Currently it is not 
possible to accurately estimate the true prevalence infection in domestic ruminants, due to 
lack of well designed studies. However, there has been detection C. burnetii in all five 
continents (except in New Zealand being only country with a reported apparent prevalence 
of zero), with a wide range, in whatever kind. The apparent prevalence is slightly higher in 
cattle (20.0% and 37.7%) than in small ruminants sheep and goats (around 15% to 25%) 
(Guatteo et al., 2011). 

4.1 Reproductive disorders in farm animals 

Infections by C. burnetii in animal production are mostly asymptomatic, however, may be 
related reproductive disorders such as abortion, stillbirths, repetition heat, low birth weight 
animals and metritis. Nevertheless, latter clinical manifestation appears to be unique in 
cattle (To et al., 1998), occurring during first three weeks after birth, with fetid vaginal 
discharge and/or increase in body temperature (Sheldon et al., 2006). However, in dutch 
dairy herds, as been shown infection with C. Burnetii is not a major cause of metritis, 
although apparently microorganism has been circulated in animals (Muskens et al., 2011). 
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In most cases, abortion occurs late pregnancy; with free that can range from 3 to 80% 
(Angelakis & Raoult, 2010) with unspecified characteristic clinical signs infection with C. 
burnetii. Aborted fetuses appear normal but infected placentas exhibit intercotyledonary 
fibrous thickening and discolored exudates, which are not specific to Q fever (Arrycau-
Bouvery & Rodolakis, 2005). C. burnetii can also be recovered from milk for up to 32 months. 
Goat shed C. burnetii in feces before and after kidding and the mean duration of excretion is 
20 days (Angelakis & Raoult, 2010). Furthermore, there may be shedding bacteria in the 
urine, semen and vaginal discharge mucus. An important factor related to abortion rates in 
herds is the temperature, since fewer abortions lake place between months November and 
December. However, this occurrence increases gradually from January to February, 
decreasing again in March (Cantas et al., 2011). 

A relevant issue is infestation of cattle by ticks during months when temperature is higher. 
Previous studies have shown that ticks seem to play an important role in the dissemination 
of bacteria in animals, especially wild, believing it to be an important factor in the 
transmission to domestic animals (Marrie et al., 1986; Psaroulaki et al., 2006). On the other 
hand, a recent study developed in the Netherlands, after three years of an outbreak Q fever, 
researchers investigated the role ticks in the transmission C. burnetii, showing that actual 
risk of this infection by ticks is negligible. Moreover, for future risk assessments, it might be 
relevant to sample more ticks in the vicinity of previously C. burnetii infected goat farms and 
to assess whether C. burnetii can be transmitted transovarially and transstadially in I. ricinus 
ticks (Sprong et al., 2011). 

4.2 The zoonosis 

Certainly, the main rout transmission of C. burnetii to humans is through inhalation of 
contaminated aerosols from placenta, amniotic fluid, wool, clothing contaminated with 
faces, manure, or transhumance herds infected through a valley (Arrycau-Bouvery & 
Rodolakis, 2005). In addition, person to person transmission is possible and coughing is 
associated with some proportion of Q fever cases and emits many particles of respiratory 
fluid that quickly attain diameters less than 100 µm; these particles can be inspired and, 
depending on particle aerodynamic diameter, deposit in the alveolar region or upper 
respiratory tract (Jones et al., 2006). Nevertheless, infected ruminants can shed C. burnetii 
during lactation period, transmission can occur by consumption raw milk (Maurin & Raoult, 
1999). This form transmission can be aggravated by increasing the number of farms targeted 
for rural tourism (Chang et al., 2010). 

There are no specific clinical sings for infection by C. burnetii in the acute phase, with 
variation in symptom severity from patient to patient. However, there is often a prolonged 
fever, usually accompanied by severe headache, pneumonia, which in most cases are 
clinically asymptomatic or mild, hepatitis, can be found three ways: an infectious hepatitis-
like form of hepatitis with hepatomegaly but seldom with jaundice, clinically asymptomatic 
hepatitis, and prolonged fever of unknown origin with characteristic granulomas on liver 
biopsy; pericarditis, skin rash, neurological signs such as meningoencephalitis, lymphocytic 
meningitis and peripheral neuropathy. The clinical care of the chronic phase is mainly 
characterized by endocarditis, occurring in predisposed patients with vascular changes and 
the heart valves (Angelakis & Raoult, 2010). 
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flu-like illness, pneumonia, hepatitis or endocarditis, spontaneous abortion and stillbirths 
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although apparently microorganism has been circulated in animals (Muskens et al., 2011). 
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In most cases, abortion occurs late pregnancy; with free that can range from 3 to 80% 
(Angelakis & Raoult, 2010) with unspecified characteristic clinical signs infection with C. 
burnetii. Aborted fetuses appear normal but infected placentas exhibit intercotyledonary 
fibrous thickening and discolored exudates, which are not specific to Q fever (Arrycau-
Bouvery & Rodolakis, 2005). C. burnetii can also be recovered from milk for up to 32 months. 
Goat shed C. burnetii in feces before and after kidding and the mean duration of excretion is 
20 days (Angelakis & Raoult, 2010). Furthermore, there may be shedding bacteria in the 
urine, semen and vaginal discharge mucus. An important factor related to abortion rates in 
herds is the temperature, since fewer abortions lake place between months November and 
December. However, this occurrence increases gradually from January to February, 
decreasing again in March (Cantas et al., 2011). 

A relevant issue is infestation of cattle by ticks during months when temperature is higher. 
Previous studies have shown that ticks seem to play an important role in the dissemination 
of bacteria in animals, especially wild, believing it to be an important factor in the 
transmission to domestic animals (Marrie et al., 1986; Psaroulaki et al., 2006). On the other 
hand, a recent study developed in the Netherlands, after three years of an outbreak Q fever, 
researchers investigated the role ticks in the transmission C. burnetii, showing that actual 
risk of this infection by ticks is negligible. Moreover, for future risk assessments, it might be 
relevant to sample more ticks in the vicinity of previously C. burnetii infected goat farms and 
to assess whether C. burnetii can be transmitted transovarially and transstadially in I. ricinus 
ticks (Sprong et al., 2011). 

4.2 The zoonosis 

Certainly, the main rout transmission of C. burnetii to humans is through inhalation of 
contaminated aerosols from placenta, amniotic fluid, wool, clothing contaminated with 
faces, manure, or transhumance herds infected through a valley (Arrycau-Bouvery & 
Rodolakis, 2005). In addition, person to person transmission is possible and coughing is 
associated with some proportion of Q fever cases and emits many particles of respiratory 
fluid that quickly attain diameters less than 100 µm; these particles can be inspired and, 
depending on particle aerodynamic diameter, deposit in the alveolar region or upper 
respiratory tract (Jones et al., 2006). Nevertheless, infected ruminants can shed C. burnetii 
during lactation period, transmission can occur by consumption raw milk (Maurin & Raoult, 
1999). This form transmission can be aggravated by increasing the number of farms targeted 
for rural tourism (Chang et al., 2010). 

There are no specific clinical sings for infection by C. burnetii in the acute phase, with 
variation in symptom severity from patient to patient. However, there is often a prolonged 
fever, usually accompanied by severe headache, pneumonia, which in most cases are 
clinically asymptomatic or mild, hepatitis, can be found three ways: an infectious hepatitis-
like form of hepatitis with hepatomegaly but seldom with jaundice, clinically asymptomatic 
hepatitis, and prolonged fever of unknown origin with characteristic granulomas on liver 
biopsy; pericarditis, skin rash, neurological signs such as meningoencephalitis, lymphocytic 
meningitis and peripheral neuropathy. The clinical care of the chronic phase is mainly 
characterized by endocarditis, occurring in predisposed patients with vascular changes and 
the heart valves (Angelakis & Raoult, 2010). 
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In pregnancy, there is risk of mortality for both the mother and fetus as result of Q fever 
other serious complications include spontaneous abortion, oligoamnios, stillbirth, and 
premature delivery. Obstetric complications occur significantly more often as C. burnetii 
infects the patient at an early stage of her pregnancy (Carcopino et al., 2009). Although 
traditional treatment is with doxycycline, other drugs has also been used in pregnant 
women, such as azithromycin (Cerar et al., 2009) and cotrimoxazole, allowing the birth 
healthy babies (Carcopino et al., 2009). 

Studies have shown that professional veterinarians and other workers who deal directly 
with farm animals in slaughterhouses, dairy industry and laboratory workers are at greater 
risk of infection by C. burnetii (Chang et al., 2010; Monno et al., 2009). Moreover, on can 
speculate that humans can act as reservoirs of the microorganism due to occurrence of 
spontaneous excretion of C. burnetii in faces and milk (Mediannikov et al., 2010). Another 
relevant issue is the presence bacteria in chicken eggs and mayonnaise, with strong 
possibility of this zoonotic agent these products to be feasible (Tatsumi et al., 2006). Thus, 
risk factors for infection can transcend rural people, wounded in urban areas and 
consequently generate more grievances in public health. 

It is essential that certain preventive measures are taken to prevent spread infection by C. 
burnetii. Shares health education farmers to avoid environmental contamination, tick 
control, handling of placental membranes, fetal fluids and aborted fetus. Only seronegative 
animals and/or be included vaccinated herds. Furthermore, in herds were infection 
installed, cows must give birth in isolated locations that should be disinfected as well as the 
tools used in childbirth. Laboratories should provide necessary information and secure 
facilities to its employees (Angelakis & Raoult, 2010; Arrycau-Bouvery & Rodolakis, 2005). 

5. Toxoplasmosis 
Toxoplasmosis is a cosmopolitan disease caused by obligate intracellular protozoan 
Toxoplasma gondii. Certainly one of the most successful parasite in the world and can infect 
all warm-blooted animals, characterized as an important zoonotic agent (Dubey et al., 2009; 
Innes et al., 2009). Domestic and wild cat are the only definitive hosts of the parasite. After 
ingestion of tissue cysts, parasites invade enterocytes; undergo cycles of division and 
differentiation in microgametocytes and macrogametocytes merging to form an oocyst. This 
is shed in faces in the environment (Ajioka et al., 2001). Intermediate hosts to be infected 
with oocysts, two phases allow multiplication of the parasite. The rst, rapidly multiplying, 
stage of the parasite is known as tachyzoite. After 1 to 3 weeks tachyzoites transform into 
bradyzoites: the slowly replicating form that is contained in tissue cysts (Dubey et al., 1998). 

In humans, there is correlation between alterations nervous and infection T. gondii, such as 
car accidents, personality changes and schizophrenia. In addition, it has been suggested to 
have positive relationship between toxoplasmosis and the etiology of suicide attempt 
(Yagmur et al., 2010), especially in women of postmenopausal age (Ling et al., 2011). 
Nevertheless, further researches in this area are needed to confirm this association complex. 

5.1 Infection in farm animals 

5.1.1 Ruminants 

In sheep flocks, toxoplasmosis is a major cause of abortion (Buxton, 1990), and consequently 
economic losses. Certainly, environmental contamination with Toxoplasma oocysts from cat 
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feces is a major source of risk from infection at these farm animals (Buxton et al., 2007). In 
this context, it is important to note that domestic cats are kept on farms to control presence 
of rodents in the local feed store. Ingestion of infected aborted foetuses and placentas, and 
rodents infected birds can lead to the excretion of large amounts of oocysts environment 
(Zedda et al., 2009). These oocysts are very resistant to environmental conditions. They 
survive short periods of cold and dehydration, and to remain infectious in moist soil or sand 
up to 18 months. Moreover, they are highly waterproof and resistant to disinfectants (Tenter 
et al., 2000).  

Although the prevailing view of sheep infected with T. gondii is this happens after birth, 
some studies have suggested that in exceptional circumstances, vertical transmission can 
occur with greater frequency (Buxton et al., 2006; Rodger et al., 2006). On the other hand, 
other researchers have suggested that infection via placenta is not that unusual, obtaining 
high rates of congenital transmission (Duncanson et al., 2001; Morley et al., 2005; Morley et 
al., 2008). However, there is a severe criticism concerning these recent studies, since authors 
conclusions were based only on PCR results, no other agents that cause abortions in sheep 
flocks involved in the studies (Dubey, 2009a). 

The cattle is not considered an important reservoir of T. gondii (Dubet et al., 2009b), and offer 
no major risks for transmission of the agent to humans (Kijlstra & Jongert, 2008). On the 
other hand, has been suggested possible sexual transmission of the parasite among cattle, 
due to the presence T. gondii oocysts and in the forms of thachyzoites in semen samples 
(Scarpelli et al., 2009). Another interesting question is related to risk factors infection to 
cattle, since, if the increase in the number of cats on a farm increases possibility infection, 
presence of chickens is considered protective factor. The protection is provided by chicken 
presence probable due to the chickweed and other forage plants, seeds, and insects that 
partially clean environment from contaminating oocysts (Albuquerque et al., 2011).  

5.2 Congenital toxoplasmosis in woman 

Congenital toxoplasmosis can cause fetal abnormalities, abortion, stillbirth, and can interfere 
with the quality of life of children who survived the prenatal infection (Tenter et al., 2000). 
This form of infection is the consequence of a primary contact with the parasite during 
pregnancy (Cenci-Goga et al., 2011). However, the severity of congenital toxoplasmosis and 
the risk of intrauterine infection are closely related to the immunocompetence of the mother 
during parasitemia, the number and virulence of parasites transmitted to the fetus, as well 
as the age of the fetus at the time of transmission (Tenter et al., 2000). The damage generated 
in the fetus are more pronounced when they are infected in early pregnancy. 
Retinochoroiditis, hydrocephalus, microcephaly, and calcification are among the largest 
endocranial injuries (Goldenberg & Thompson, 2003). However, if fetal infection occurs in 
the final third pregnancy, damage to the fetus are smaller, asymptomatic newborns (Tenter 
et al., 2000). 

However, if fetal infection occurs in the final third of pregnancy, damage to the fetus are 
smaller, asymptomatic newborns (Tenter et al., 2000). Pregnant immunocompromised, 
especially those infected with HIV, are more likely to reactivation of retinochoroiditis (Vogel 
et al., 1996), and the risk of fetal involvement varies between 2 and 5% (Remington et al., 
2006). However, it is not ruled out the possibility of congenital toxoplasmosis in an 
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(Zedda et al., 2009). These oocysts are very resistant to environmental conditions. They 
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Although the prevailing view of sheep infected with T. gondii is this happens after birth, 
some studies have suggested that in exceptional circumstances, vertical transmission can 
occur with greater frequency (Buxton et al., 2006; Rodger et al., 2006). On the other hand, 
other researchers have suggested that infection via placenta is not that unusual, obtaining 
high rates of congenital transmission (Duncanson et al., 2001; Morley et al., 2005; Morley et 
al., 2008). However, there is a severe criticism concerning these recent studies, since authors 
conclusions were based only on PCR results, no other agents that cause abortions in sheep 
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presence probable due to the chickweed and other forage plants, seeds, and insects that 
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with the quality of life of children who survived the prenatal infection (Tenter et al., 2000). 
This form of infection is the consequence of a primary contact with the parasite during 
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the risk of intrauterine infection are closely related to the immunocompetence of the mother 
during parasitemia, the number and virulence of parasites transmitted to the fetus, as well 
as the age of the fetus at the time of transmission (Tenter et al., 2000). The damage generated 
in the fetus are more pronounced when they are infected in early pregnancy. 
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immunocompetent mother with reactivation of chronic infection Tues eye disease during 
pregnancy (Andrade et al., 2010). 

Serological screening in prenatal and epidemiological surveillance can be critical to reducing 
the risk of congenital toxoplasmosis (Mioranza et al., 2008). In regions with low prevalence 
of the disease, this may be an alternative strategy. However, in regions of high prevalence, 
these two factors are essential. Pregnant women who present with a suspected infection 
with T. gondii acquired during pregnancy should be immediately treated with spiramycin 
(Thiébaut et al., 2007). If the fetal T. gondii infection is confirmed, or in infections acquired in 
the later stages of pregnancy (when the rate of maternal-fetal transmission is highest), the 
specific treatment of the mother with pyrimethamine, sulfadiazine and folinic acid should 
be considered (Montoya et al., 2008). Still, there are still uncertainties related to the 
effectiveness of treatment of congenital toxoplasmosis. In a meta-analysis study of 2007, 
researchers found weak evidence for association between early treatment and reduced risk 
of congenital toxoplasmosis. In 550 liveborn infants infected identified by prenatal or 
neonatal screening, no evidence that prenatal treatment significantly reduced the risk of 
clinical manifestations was found (Thiébaut et al., 2007). 

5.3 Vaccination against T. gondii 

Veterinary vaccines against toxoplasmosis may have different purposes, such as the 
prevention of congenital toxoplasmosis, reduction of tissue cysts or vaccines to reduction 
oocyst shedding (Innes et al., 2007). There is a vaccine against T. gondii licensed for 
veterinary use in sheep and goats. The vaccine consists of living and a modified strain of the 
parasite (S48), and commercially known as Toxovax®, suitable for prevention of congenital 
toxoplasmosis in these ruminants. It is recommended to apply the vaccine three weeks 
before mating and it is estimated that the application of this immunobiological 2 mL 
subcutaneously induces protective immunity for at least 18 months (Dubey, 2009). 
However, this vaccine is not indicated for use in women because it is a parasite living in 
their composition. It is important that killed vaccines with high immunogenic power are 
able to stimulate an immune response strong and durable, providing good security for use 
in women and, thus, preventing congenital infection (Innes, 2010).  

From the standpoint public health a vaccine to prevent shedding oocysts by cats is a great 
alternative (Cenci-Goga et al., 2011) in order to avoid contamination of environments. 
Nevertheless, as T. gondii does not cause clinical disease in cats, the private sector shows no 
interest in developing an immunobiological for this purpose, even though use a vaccine 
composed of a mutant strain of T-263 bradyzoites, able to avoid shedding oocysts per cats, 
has succeeded in reducing exposure the parasite of pigs (Mateus-Pinilla et al., 1999). Just as 
financial support toward the development of vaccines for neglected diseases such as visceral 
leishmaniasis and malaria comes from public agencies, the incentive to produce a vaccine 
for cats that would come from public health agency and cat owners have to be persuaded to 
purchase and use the vaccine for the public good (Innes, 2010).  

6. Perception farmers in control and prevention abortive zoonosis in herds 
6.1 Aspects in livestock 

Production agriculture is associated with a variety of occupational illnesses and injuries. 
Agricultural workers are at higher risk of death or disabling injury than most other workers. 
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Traumatic injury commonly occurs from working with machinery or animals. Respiratory 
illness and health problems from exposures to farm chemicals are major concerns, and 
dermatosis, hearing loss, certain cancers, and zoonotic infections are important problems 
(Von Essen & McCurdy, 1998). In relation to animal production, the current situation of 
dairy farming, which also coincides with trends observed in other agricultural activities, is 
reducing the number of units production (dairy cows) and increased productivity (volume 
of milk per lactation) (Hayirli et al., 2002). However, productivity growth has been 
associated with increased incidence of diseases that can lead to economic losses for the 
producer, the greatest risk of antibiotic residues in milk, as well as increased frequency of 
antimicrobial resistant microorganisms isolated from the milk of dairy herds (Bal et al., 2010; 
Call et al., 2008; Nam et al., 2010), and negative perception of the population by the dairy 
industry (Grummer, 1995). In this context, an animal health program should consist 
veterinary activities in planning regularly applied and good management to maintain the 
herd health animal and productivity at optimum levels. 

The profitability of any livestock production system basically depends on production 
efficiency, product quality, and especially reproductive efficiency, since the raw material 
needed to carry out productive characteristics is dependent on the reproductive process and 
the animal health status a herd. Infectious diseases, bacterial, viral or parasitic origin are 
important in this context, since they affect the reproductive system of males and females, 
preventing fertilization, causing abortions, repetition of heat, and the birth of animals with 
below average size. In addition, many of these organisms have zoonotic, such as bacteria 
and protozoa discussed in this chapter. Thus, the preventive control of males and females is 
crucial to get as many animals healthy at birth and hence more profitable production system 
(Viana & Zanini, 2009b). 

Currently, the increasingly globalized world, is no longer possible to treat individual 
countries as the requirements for marketing for both domestic consumption and for import 
and export of food is becoming increasingly stringent, homogeneous, the norms established 
by the bodies international. Any country which has a large potential to double its food 
production, increasing its share in the international market of products of animal origin, 
should urgently develop a Strategic Security Program Food (SSPF). These measures are 
correlated with trends in the global market. Today there is greater concern in producing 
good quality products with social responsibility. In this sense, is charged to the farmer 
greater commitment on the quality of products, processes, and animal welfare as well as 
environmental responsibility and human resource availability (Jakobsen & Kristensen, 
2011a). Moreover, in recent decades there has been a drastic change on the view that 
prevention could bring more satisfactory results rather than curative treatment. 
Furthermore, studies in veterinary medicine sought to identify and limit reproductive 
disorders at an early stage. In this sense, the concept of prevention of zoonotic diseases in 
livestock can be raised through an analysis of environmental or ecosystems health, linking 
cattle and people (LeBlanc et al., 2006). 

6.2 Farmers and health education 

6.2.1 Inside farm 

The lack of knowledge and awareness of farmers on the importance of prevention and 
control of zoonosis in the farm, is not limited to developing countries. The same problem 
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immunocompetent mother with reactivation of chronic infection Tues eye disease during 
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Traumatic injury commonly occurs from working with machinery or animals. Respiratory 
illness and health problems from exposures to farm chemicals are major concerns, and 
dermatosis, hearing loss, certain cancers, and zoonotic infections are important problems 
(Von Essen & McCurdy, 1998). In relation to animal production, the current situation of 
dairy farming, which also coincides with trends observed in other agricultural activities, is 
reducing the number of units production (dairy cows) and increased productivity (volume 
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associated with increased incidence of diseases that can lead to economic losses for the 
producer, the greatest risk of antibiotic residues in milk, as well as increased frequency of 
antimicrobial resistant microorganisms isolated from the milk of dairy herds (Bal et al., 2010; 
Call et al., 2008; Nam et al., 2010), and negative perception of the population by the dairy 
industry (Grummer, 1995). In this context, an animal health program should consist 
veterinary activities in planning regularly applied and good management to maintain the 
herd health animal and productivity at optimum levels. 

The profitability of any livestock production system basically depends on production 
efficiency, product quality, and especially reproductive efficiency, since the raw material 
needed to carry out productive characteristics is dependent on the reproductive process and 
the animal health status a herd. Infectious diseases, bacterial, viral or parasitic origin are 
important in this context, since they affect the reproductive system of males and females, 
preventing fertilization, causing abortions, repetition of heat, and the birth of animals with 
below average size. In addition, many of these organisms have zoonotic, such as bacteria 
and protozoa discussed in this chapter. Thus, the preventive control of males and females is 
crucial to get as many animals healthy at birth and hence more profitable production system 
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greater commitment on the quality of products, processes, and animal welfare as well as 
environmental responsibility and human resource availability (Jakobsen & Kristensen, 
2011a). Moreover, in recent decades there has been a drastic change on the view that 
prevention could bring more satisfactory results rather than curative treatment. 
Furthermore, studies in veterinary medicine sought to identify and limit reproductive 
disorders at an early stage. In this sense, the concept of prevention of zoonotic diseases in 
livestock can be raised through an analysis of environmental or ecosystems health, linking 
cattle and people (LeBlanc et al., 2006). 

6.2 Farmers and health education 

6.2.1 Inside farm 

The lack of knowledge and awareness of farmers on the importance of prevention and 
control of zoonosis in the farm, is not limited to developing countries. The same problem 
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related to health education has been observed in developed countries. The decisions taken 
by farmers in the farm can generate great impact on society, especially in public health 
(Ellis-Iversen et al., 2010). Unlike the European Union (EU) that has a law that transferred 
responsibility to the farmers to implement animal disease control programs within the farm 
EU Zoonosis Directive (EC) No. 2003/99 and the Zoonosis Regulation (EC) No. 2160/2003, 
in many countries there are not well-established plans, mainly in South America, Africa and 
Asia. However, even in European countries, the attempt to implement the hazard analysis 
critical control points (HACCP), so that guide to good hygiene practices is adopted on 
farms, it is not feasible (Cavirani, 2008). 

Surveys have shown that smallholder, although knowing that zoonotic agents can be 
transmitted through milk, do not you name them, and lacking basic information about the 
spread of pathogens in a herd. However, brucellosis is usually the most remembered among 
the zoonosis that cause reproductive disorders. This is due in part to the economic losses 
generated by Brucella abortus due to reproductive failure. Moreover, in many countries 
established compulsory vaccination against this disease (John et al. 2008; Mosalagae et al., 
2011, Viana & Zanini, 2009a).  

Another important issue is related biosecurity, which provides for the adoption of a set of 
measures and their benefits have been proven not only to achieve eradication, but also to 
keep the property free of disease infectious diseases in animal populations. A recent study 
showed that to implement biosecurity measures on farms, it is necessary motivation for 
farmers, since results are more likely to benefit society than individual farmer. However, 
farmers and policy-makers are faced with important questions about biosecurity at farm-
level related to the sanctioning system within the contextual framework of social dilemmas. 
Therefore, the authors proposed the development of a market-mediated system to (1) reduce 
the risk of free-riders, and (2) provide farmers with incentives to improve biosecurity at 
farm-level (Kristensen & Jakobsen, 2011). Researchers of South-East Asia suggest that in lieu 
of a widespread public awareness program to deliver mass education of smallholder in 
disease prevention and biosecurity, livestock development projects in region, should be 
encouraged to include training in disease risk management as an important intervention if 
the current momentum for trade in large ruminant livestock and large ruminant meat is to 
continue to progress and contribute to addressing global food security concerns (Nampanya 
et al., 2011). Another study conducted in Sweden, 50% of livestock farmers living in herds 
with no previous isolation (Noremark et al., 2010). This decision making is crucial in the 
dissemination of zoonotic pathogens into a herd. 

6.2.2 Attention to vaccination and veterinarian as advisor 

Vaccination against infectious abortion can be an effective part in a program of animal 
health and biosecurity. However, although this practice capable of generating results 
broadly favorable, due to increased herd immunity and reduce the impact of an outbreak, 
vaccination alone is not able to prevent zoonotic infections and loss (Sanderson & Gnade, 
2002). In the practical context of vaccination livestock, it is important to highlight a sensitive 
issue: smallholders in regions most in need of infrastructure and government support have 
greater difficulties in joining such practices. Farmers have limited resources more difficult to 
observe the benefits of vaccination a herd with no imminent risk of certain disease (Rogers, 
2003). On the other hand, an important study developed with poor farmers in Bolivia, 
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revealed that, contrary to recent literature, the behavior of livestock vaccination is strongly 
linked to social and cultural characteristics, rather than economic. Furthermore, uptake of 
livestock vaccination was unlikely to improve without knowledge transfer that 
acknowledges local epistemologies for livestock disease (Heffernan et al., 2008). 

The veterinarian is an important tool management process. However, to exercise its role of 
advisor, you need confidence to the farmers. Is a suggested veterinarian undergo training on 
communication and reflection. For the farmer recognizes his work as trusted advisor in 
order to herd health, the veterinarian must go through a personal learning (Kristensen & 
Jakobsen, 2011b). The veterinarian's role in this matter may go further. Under study 
developed Ohio, 92 physicians were interviewed about self-assessment of knowledge of 
zoonosis. The survey demonstrated that over 50% of physicians were either mostly 
uncomfortable or strongly uncomfortable with their knowledge of zoonosis, and in their 
ability to diagnose and make recommendations on how to prevent zoonotic infections. 
Furthermore, fifty-three percent felt a collaborative relationship with a veterinarian who 
possessed specialty training in zoonosis would be valuable to their practice. A gap may exist 
in the delivery of zoonosis information and patient care, requiring better communication 
between health care providers, veterinarians, and public health officials serving farmers 
(Kersting et al., 2009). 

7. Conclusion  
The issues addressed in this chapter on zoonotic agents responsible for reproductive 
disorders in herds, extend beyond the economic losses generated by consequent loss of 
production (milk and meat) and reproductive (abortion, stillbirth, repetition of heat). Much 
has been emphasized on the generation of livestock products of excellent quality, free of 
virulent zoonotic pathogens, and this is not a recent warning. Unfortunately, no easy task 
control infections discussed in this work, especially in countries located below the Equator, 
as previously discussed. Recent studies have demonstrated how unprepared the farmer 
with simple sanitary and health education, either by socioeconomic and / or cultural. In this 
regard, the authors recommend the approach between three factors: (1) Universities, (2) 
society and (3) political authorities in generation knowledge and awareness of workers from 
rural areas about the importance of their work public health. The practice of extension 
becomes a great teaching resource, and associated with a language accessible to farmers, can 
be very effective, and generate human resources. In this context comes the veterinarian as a 
key element in mediation. Nevertheless, it is essential commitment of public health policy, is 
well established in the design of surveillance programs, control and eradication of certain 
zoonosis, is in direct support to farmers. That is, without mutual collaboration these three 
factors is practically impossible to obtain satisfactory results after a specific zoonosis.  
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1. Introduction 
Dogs play a relevant role as definitive hosts of a large number of parasites, shedding 
gastrointestinal helminth eggs and protozoan cysts and oocysts in their feces, which favors 
environmental contamination and possible spread of diseases (Santarém et al., 2004). 

Considering the close proximity between men and dogs and the zoonotic potential of these 
diseases, determining the occurrence of endoparasites in pets has become increasingly 
relevant. These diseases are frequently diagnosed in spite of the existent therapeutic and 
prophylactic measures. 

Contact with the soil, fomites or hands contaminated with the animals’ feces favors 
accidental human infection either through ingestion of Toxocara canis embryonic eggs, 
resulting in Visceral Larva Migrans (VLM) syndrome (Coelho et al., 2001), or through 
percutaneous penetration of Ancylostoma caninum and Ancylostoma braziliense infective 
larvae, causing Cutaneous Larva Migrans (CLM) Syndrome (Diba et al., 2004).  

Studies of animal toxoplasmosis are essential in view of its transmission to men and its 
pathogenicity in production animals and pets (Garcia et al., 1999a; 1999b, 1999c). Although 
the dog is not a definitive host, it has contributed to the mechanical dissemination of this 
protozoal disease (Frenkel & Parker, 1996; Lindsay et al., 1997; Schares et al., 2005).  

The risk of acquiring this disease is higher in the postnatal life (Escuissato et al., 2004), when 
severe behavioral changes such as attention deficit and schizophrenia may occur (Lafferty, 
2005), reducing the life quality of individuals (McAllister, 2005). Attention should be drawn to 
the risk factors for acquiring this prenatal infection, considering its pathogenesis and sequelae 
(Bachmeyer et al., 2006; Hung et al., 2007). There is strong association of reactivation of this 
disease in cases of acquired immunodeficiency syndrome – AIDS (Bachmeyer et al., 2006; 
Hung et al., 2007), commonly leading to secondary infection of the central nervous system in 
immunocompromised people and severe encephalitis (PASSOS et al., 2000; Mamidi et al., 
2002; Collazos, 2003; Yadav et al., 2004; Pradhan et al., 2007). Educational programs directed at 
reducing environmental contamination by T. gondii would eventually decrease the cost of 
treating humans with clinical toxoplasmosis (Santos et al., 2010).  
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The dog is considered the main domestic reservoir for Leishmania spp. and the Brazilian 
Ministry of Health has recommended euthanasia for animals affected by this disease 
(BRASIL, 2006). Visceral leishmaniasis (VL) is a zoonosis worldwide distributed in tropical 
and subtropical regions, and 90% human cases have been reported for countries like India, 
Sudan, Bangladesh , Nepal and Brazil (Lindoso & Goto, 2006). Immunodepressed or 
chemotherapy patients are most susceptible, resulting in lethality of most cases (BRASIL, 
2006). The World Health Organization classified leishmaniasis as the second most important 
current protozoal disease (Troncarelli, 2008). 

As to Chagas Disease, millions of people are infected and suffer every year due to this 
illness (Rosypal, et al., 2007). In São Paulo State (SP), Brazil, infection by Trypanosoma cruzi 
has been detected in dogs (Lucheis et al. 2005; Troncarelli et al. 2009). 

Molecular studies have indicated that dogs can transmit the bovine genotype of 
Cryptosporidium parvum, which is known to be pathogenic to humans (Abe et al., 2002). 
Cryptosporidium oocysts are highly resistant under environmental conditions and to the 
action of chemical products (Plutzer & Karanis, 2009). The protozoan Cryptosporidium is 
included in the Neglected Diseases Initiative of the World Health Organization due to their 
close relationship with deficient sanitation and low income of the population; thus, it is 
considered responsible for malnutrition and death in children (Thompson et al., 2008; 
Bowman & Lucio-Forster, 2010). These evolutionary forms have been detected in foods such 
as vegetables, seafood, unpasteurized milk, citron and mineral water in several countries. A 
large number of cryptosporidiosis outbreaks, waterborne, are cited in the literature 
(Thompson et al., 2008, Smith & Nichols, 2010). 

2. Parasitic agents 
2.1 Infections by Ancylostoma spp. and Toxocara canis  

2.1.1 Epidemiology 

An epidemiological survey carried out by our research group detected Ancylostoma spp. in 
213 dogs (53.12%), followed by T. canis in 83 (20.70%). The high frequency of Ancylostoma 
spp. and T. canis justifies the concern about this worldwide problem, emphasizing its 
relevance from an epidemic-sanitary point of view (Táparo et al., 2006). 

Some Ancylostoma species present zoonotic potential (Broker et al, 2004), such as Ancylostoma 
braziliense and A. caninum, who are the etiologic agents of diseases known as eosinophilic 
enteritis (Landmann & Prociv, 2003) and cutaneous larva migrans (Caumes, 2006).  

Serosurveys have proven that T. canis infection is disseminated among the human 
population (Chieffi & Müller, 1976). Contact with the soil, fomites or hands contaminated 
with the feces of animals infected by these agents may favor accidental transmission to 
people (Guimarães et al., 2005; Blazius, 2006). 

Our study indicated high occurrence of T. canis (67.3%) among young dogs (P<0.0001). 
Helminth and protozoal infections are more prevalent among dogs younger than one year 
(Gennari et al., 2001), especially when the above-mentioned helminth is involved (Fischer, 
2003). There are reports in the literature about the tendency of adult dogs for presenting an 
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effective immune response against nematodes. However, females in the postpartum were 
noted to shed eggs of Toxocara spp. in their feces (Urquhart et al. 1991). Ancylostomatidae 
were identified in all age ranges of dogs in our studies (Boag et al, 2003; Blazius et al 2005, 
Táparo et al., 2006). 

In our routine laboratory services, we commonly observe dogs in their first month showing 
a large quantity of T. canis eggs in their fecal content. These evolutionary forms of ascarids, 
known to have thick skin, are characterized by their resistance to environmental adversities, 
remaining viable for many years, depending on the soil type and the climate conditions 
(Glickman & Schantz, 1981, Fortes, 1994).  

Contributions from Oliveira et al. (1990), Gennari et al. (1999, 2001), Oliveira-Sequeira et al. 
(2002), Ragozo et al., 2002 and Táparo et al. (2006), in Brazil, have designed the 
epidemiological aspects of these parasitic disease in the canine species. 

Larvae and eggs of helminths shed in the fecal content of dogs lead to great environmental 
contamination, representing a public health problem (Brener et al., 2005, Pfukenyi et al., 
2010) in parks (Moro et al., 2008), affecting children who are in contact with sand tanks in 
these places, where larvae of Ancylostoma spp. are present (Santarém et al., 2004).  

In Poland (Borecka, 2005), Venezuela (Ramírez-Barrios et al., 2004), the United States 
(Bridger &Whitney, 2009) and other regions of Brazil (Sousa-Dantas et al, 2007), the 
percentages of Ancylostoma in dogs were lower than that obtained in our studies, which 
evidenced 64.2% (27/42) positivity for samples collected from the environment. Of this 
sampling, 10.86% (5/46) were from child day care centers/parks, 41.30% (19/46) from 
streets/sidewalks and 47.82% (22/46) from squares/gardens. The genus Ancylostoma was 
present in 65.21% (30/46) samples, Toxocara spp. in 15.21% (7/46), Cryptosporidium spp. in 
4.34% (2/46) and Giardia spp. in 10.86% (5/46) (Coelho et al., 2011). 

Using parasitological necropsy, Yacob et al. (2007) in Ethiopia and Klimpel et al. (2010) in 
Brazil reported the occurrence of A. caninum in 70% (14/20) and 95.6% (44/46) examined 
dogs, respectively. These values are lower and higher, respectively, when compared with 
that obtained in the present study for Ancylostoma species. Our group determined the 
frequency and intensity of Ancylostoma spp. in 33 dogs by means of coproparasitological 
examinations and parasitological necropsy. Willis-Mollay and Sedimentation methods 
indicated eggs of Ancylostoma spp. in 87.8% (29/33) dogs. The species A. caninum and A. 
braziliense were found in 63.6% (21/33) and 30.3% (10/33) dogs, respectively (Coelho et al., 
2011).  

2.1.2 Physiopathogenesis 

In dogs, the pathogenic lesions caused by gastrointestinal parasites must be considered for 
cutaneous, pulmonary (due to pulmonary migration of the larva during its development) 
and intestinal changes due to the final location of the worm in its adult stage (Fortes, 2004). 

Toxocariasis in humans leads to variable clinical signs and symptoms due to the mechanical 
migration of larvae and the consequent immunological responses inherent in this process 
(Chieffi & Müller, 1976). 
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2.1.3 Biology 

In the biological cycle of this helminth, T. canis eggs are shed in the feces and become 
infective under ideal conditions of temperature and humidity after two to six weeks (Scjantz 
& Glickman, 1983, Overgaauw, 1997).  

In terms of biology, the enterohepatic pneumoenteral form is considered the most common 
infection form in dogs aged up to three months. Above this age range, this migration type 
has occurred at a lower frequency.. In pregnant bitch,parental infection occurs when larvae 
becoming mobilized at approximately, three week prior to parturition, and migrate to the 
lungs of the foetus where they molt into L 3 just prior to birth. In pregnant dogs, migrating 
larvae mobilize at approximately three weeks before parturition and migrate to the fetal 
lungs, molting into third-instar larvae before birth. In the newborn pup, the cycle is 
completed when the larva migrates through the trachea and into the intestinal lumen , 
where the final molts take placIn the newborn pup, the cycle completes when the larva 
migrates through the trachea and to the intestinal lumen, where molting into adult worm 
finally occurs (Urquart, 1991). Once infected, a bitch will usually harbor sufficient larvae to 
subsequently infect all of her litters, even if she never again encounters an infe 

2.1.4 Clinical signs 

Percutaneous penetration of A. caninum and A. braziliense infective larvae or ingestion of T. 
canis embryonic eggs leads to Cutaneous Larva Migrans Syndrome (Lee, 1874) or Visceral 
Larva Migrans Syndrome (Beaver et al., 1952), respectively.  

In humans, the evidenced signs of toxocariasis are asymptomatic conditions, fever, 
hypereosinophilia, hepatomegaly, ocular, pulmonary or cardiac manifestations, nephrosis 
and cerebral lesion (Overgaauw, 1997).  

In dogs, these helminth diseases can lead to organic imbalance such as anemia, changes in 
appetite, intestinal obstruction or perforation, limited nutrient assimilation, diarrhea, apathy 
and sometimes death (Fortes, 2004). 

2.1.5 Diagnosis 

In our laboratory, the following methods have been frequently employed for routine 
diagnosis of helminth infections: Willis-Mollay floating technique, using saturated sodium 
chloride solution of 1.182 density (Willis, 1921); Spontaneous Sedimentation in water (Lutz, 
1919; Hoffmann et al., 1934); and Direct Examination. The first technique has as basic 
principle the fecal floating of nematode and protozoan eggs which are less dense, whereas 
sedimentation is more indicated to recover heavy eggs like those of trematodes and some 
cestodes; Direct Examination, however, is only recommended to verify barely floating 
structures since its sensitivity is low (Sloss et. al., 1999). 

We carried out a study aimed at analyzing the efficiency of four coproparasitological 
techniques used in the laboratorial routine to diagnose helminth eggs and protozoan cysts 
or oocysts in dogs. Association of the methods Willis-Mollay and Sedimentation is 
considered superior, compared to the Direct method and zinc sulfate flotation 
centrifugation, to detect these evolutionary and parasitic forms (Táparo et al., 2006). 
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To elucidate clinical suspicions, either in tests of anthelmintic efficacy or in comparisons 
between diagnosis techniques for helminth infections, parasitological necropsy is considered 
the gold standard test, in which the stomach and small and large intestine content is washed 
in running water, sieved, fixed in 10% buffered formalin and stored in properly labeled 
flasks. Helminths are obtained by using a stereoscope microscope and the species are 
identified after clarifying the parasites with 80% acetic acid (Ogassawara et al., 1986). 

As a future study, our group intends to standardize the TF-Test® kit (Three FecalTest) as the 
automated standard method to diagnose enteroparasites in dogs (Canis familiaris). A data 
bank will be prepared with images of eggs, cysts, oocysts and trophozoites of the main 
enteroparasites found and their structures. The parasitological technique TF-Test® will be 
restandardized and associated with a device containing optical microscope, digital camera 
and motorized platinum to obtain images. Computational techniques of image segmentation 
and classification of patterns will be employed with the aim of detecting and classifying the 
parasites found, determining the genus and species of helminths and protozoa, according to 
their signature or constant identification in the software. The results obtained with the 
coproparasitological techniques will be compared through statistical analysis, assessing the 
positivity of animals as to occurrence of enteroparasites and efficiency of techniques. This 
method will allow the automation of parasitological diagnosis in fecal samples from pets in 
a rapid and practical way with high efficacy, reducing pre-analytical, analytical and post-
analytical errors. 

2.1.6 Control 

Important therapeutic and control measures to be adopted are addressed in the study of 
Heukelbach & Feldmeier. Based on the high occurrence of hookworm in dogs and cats in 
our studies, treatment with anthelmintics is needed, even for animals with negative stool 
tests, besides adopting a control of the number of animals in public places in order to 
decrease the likelihood of environmental contamination, since this parasite represents a 
potential hazard to human and animal health. 

2.2 Leishmania spp. 

2.2.1 Epidemiology 

Leishmaniases are enzootic and zoonotic diseases caused by protozoa, morphologically 
similar, of the genus Leishmania (Monteiro et al., 2005). The visceral form has in its etiology 
Leishmanias of the donovani complex, including Leishmania (Leishmania) donovani in Asia and 
Africa, Leishmania (Leishmania) infantum in Asia, Europe and Africa, and Leishmania 
(Leishmania) chagasi in the Americas (Laison & Shaw, 1987). 

This disease is predominantly of places showing low socioeconomic level and promiscuity, 
and environmental changes have led to its urbanization (Brasil, 2006). In dogs, as well as in 
humans, prevalence rates are high, reaching 1 to 36%, which varies according to the region 
of the country (Silva et al., 2001). Among mammals, the fox is the main reservoir in wild and 
rural environments while the dog is the reservoir in urban sites (São Paulo, 2006). 

In Brazil, insects like Lutzomia longipalpis and Lutzomyia cruzi are identified as vectors related 
to leishmaniasis transmission (Brasil, 2006).  
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To elucidate clinical suspicions, either in tests of anthelmintic efficacy or in comparisons 
between diagnosis techniques for helminth infections, parasitological necropsy is considered 
the gold standard test, in which the stomach and small and large intestine content is washed 
in running water, sieved, fixed in 10% buffered formalin and stored in properly labeled 
flasks. Helminths are obtained by using a stereoscope microscope and the species are 
identified after clarifying the parasites with 80% acetic acid (Ogassawara et al., 1986). 
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automated standard method to diagnose enteroparasites in dogs (Canis familiaris). A data 
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and classification of patterns will be employed with the aim of detecting and classifying the 
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their signature or constant identification in the software. The results obtained with the 
coproparasitological techniques will be compared through statistical analysis, assessing the 
positivity of animals as to occurrence of enteroparasites and efficiency of techniques. This 
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2.2 Leishmania spp. 

2.2.1 Epidemiology 

Leishmaniases are enzootic and zoonotic diseases caused by protozoa, morphologically 
similar, of the genus Leishmania (Monteiro et al., 2005). The visceral form has in its etiology 
Leishmanias of the donovani complex, including Leishmania (Leishmania) donovani in Asia and 
Africa, Leishmania (Leishmania) infantum in Asia, Europe and Africa, and Leishmania 
(Leishmania) chagasi in the Americas (Laison & Shaw, 1987). 

This disease is predominantly of places showing low socioeconomic level and promiscuity, 
and environmental changes have led to its urbanization (Brasil, 2006). In dogs, as well as in 
humans, prevalence rates are high, reaching 1 to 36%, which varies according to the region 
of the country (Silva et al., 2001). Among mammals, the fox is the main reservoir in wild and 
rural environments while the dog is the reservoir in urban sites (São Paulo, 2006). 

In Brazil, insects like Lutzomia longipalpis and Lutzomyia cruzi are identified as vectors related 
to leishmaniasis transmission (Brasil, 2006).  
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Araçatuba Municipality, SP, Brazil, our study site, is in an endemic region for canine 
visceral leishmaniasis, and the data obtained by the Superintendence for Endemic Disease 
Control (SUCEN) at that locality indicated that 3227 animals were infected from 2006 to 
2010. At the Secretariat of Health of that State, a total of 1512 human cases and 138 deaths 
were recorded from 1999 to 2009, and in 2008, 291 people were diagnosed to have this 
disease, of which 23 died (Bepa, 2010).  

2.2.2 Biology 

In studies carried out by Lainson & Shaw, 1987, the vector became infected by ingesting, 
during the blood meal, amastigote forms of the parasite present in the cells of the monocyte 
phagocytic system in the dermis of the infected host. In the digestive tube of the insect, 
amastigotes are transformed into promastigotes, which multiply after three to four days of 
the first meal. During a new meal, the female phlebotomine inoculates these infective forms 
into the definitive host and they are phagocytized by macrophages, returning to the 
amastigote form, when they multiply causing cell rupture. Thus, there is hematogenic 
dissemination to tissues such as liver, spleen, lymph nodes and bone marrow (Laison & 
Shaw, 1987). 

2.2.3 Diagnosis 

The Brazilian Ministry of Health recommends ELISA as the serological screening technique 
and IFA as the confirmatory test for this disease, as well as euthanasia for seropositive 
animals, with or without symptoms (BRASIL, 2006).  

ELISA (Enzyme Linked Immunosorbent Assay) represents a simple and rapid method for 
the survey of this canine infection (Lima et al., 2005), allowing the processing of a 
considerable number of samples in a short time interval (Maia & Campino, 2008). 

To diagnose these diseases, serological assays of high sensitivity and specificity are used; 
however, infected dogs may be seronegative, and seropositive animals may not have the 
disease. This occurs due to the phylogenetic proximity between Leishmania spp. and other 
hematozoa, especially Trypanosoma cruzi (T. cruzi), classified into the same family 
Tripanosomatidae, which favors the occurrence of cross reactions in serology. In Latin 
countries in particular, we commonly find areas where there was the overlap of 
leishmaniasis and trypanosomiasis both in humans and in dogs (Troncarelli, 2008). In cases 
of evident cross reactions, we must consider the serological result, as well as the clinical and 
epidemiological factors, and carry out another diagnosis method to confirm the disease 
(Luciano et al., 2009). 

With the development of PCR (polymerase chain reaction), a more specific and sensitive 
methodology, the parasite kinetoplast DNA can be identified and selectively amplified 
(Alves; Bevilacqua, 2004). 

Considering the known phylogenetic similarity between Leishmania spp. and Trypanosoma 
spp. (Sundar and Rai, 2002), the consequent risk of false-positive results for these parasites 
(Zanette, 2006), the high occurrence of euthanized dogs due to visceral leishmaniasis in that 
endemic area (Nunes et al. 2008), and the absence of epidemiological surveys on canine 
trypanosomiasis in that region, our study was designed with the aim of detecting cross 
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infections by these two protozoa in Araçatuba Municipality, SP. The obtained results 
evidence cross reactions by both protozoa in the animals analyzed in this study (Viol, 2011). 

2.2.4 Clinical signs 

In men, the incubation period varies from ten days to 24 months, and the average is from 
two to six months. In dogs, the range is wider, between three months and several years, but 
generally between three and seven months (Brasil, 2006). 

Some dogs show few symptoms, rare cutaneous lesions and nodules, while others manifest 
cachexia, cutaneous changes, peeling, nodules and ulcers, especially in the ear edges or 
spread all over the body. Cases of conjunctivitis, blepharitis, muzzle swelling, 
onychogryphosis and paresis of the hind feet have been reported, including splenomegaly, 
lymphadenopathy, diarrhea and intestinal hemorrhage in advanced stages of the disease 
(Silva et al., 2001). 

2.2.5 Control 

Therapeutic protocols based on antimonials, diamidines, aminoglycoside antibiotics, 
imidazole byproducts and purine analogues are available in the studied literature.  

The treatment of canine visceral leishmaniasis, for unknown reasons, is more complicated 
than that of humans and no medicine is totally efficient in eliminating this parasitic 
infection, remaining the risk of recurrence after therapy. In endemic regions, a drug protocol 
consists in the association between allopurinol and pentavalent antimonial like meglumine. 
Cases of parasite resistance and side effects have been described (Lindsay et al, 2002). 

The drugs employed in the treatment of CVL are of uncertain efficacy, and the development 
of a vaccine has been one of WHO’s main strategic alternatives (Da Silva et al., 2001).  

Several immunogens have been tested, including live or inactivated vaccines, purified 
fractions of Leishmania, recombinant antigens, antigen expression and Leishmania plasmid 
DNA through the recombinant bacterium (Lima et al., 2010). 

Thus, researchers are aware of the need of conducting studies aimed at standardizing, 
comparing and improving diagnosis methods for both zoonoses in order to facilitate the 
control in reservoirs and consequently in humans. For leishmaniasis in particular, 
surveillance programs should recommend a highly sensitive and specific method for the 
early diagnosis of dogs, preventing mistakes and euthanasia of healthy dogs or the 
maintenance of positive animals as a source of infection for humans (Troncarelli, 2008). 

2.3 Infections by Trypanosoma spp. 

2.3.1 Epidemiology 

Chagas Disease is caused by the flagellate protozoan Trypanosoma cruzi (T. cruzi). Several 
other trypanosomes parasitize animals and men, including T. congolensis, T. vivax, T. 
equiperdum, T. brucei, T. evansi and T. rangeli (Herrera, et al., 2005). 

This disease, both in humans and in dogs, is concentrated in rural zones and poor areas of 
large urban centers, where the transmitting vector proliferates at a higher frequency due to 
the low social condition and consequently precarious living conditions (Dias et al., 2002). 
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Several mammals are considered important T. cruzi reservoirs; in the domestic environment, 
however, the dog is highlighted due to the vector’s feeding preference for this species 
(Crisante et al., 2006) and due to its close contact with men, showing great epidemiological 
and public health importance (Eloy & Lucheis, 2009).  

2.3.2 Biology 

Vectors, in any stage of their life, become infected by ingesting trypomastigote forms 
present in the bloodstream of the infected vertebrate host during blood feeding. These 
forms, which multiply in the intestine of the “barber”, are eliminated in their feces during or 
soon after blood meal (Wanderley, 1994). 

2.3.3 Clinical signs 

Infected dogs develop the acute or chronic form of the disease. The acute phase, 
symptomatic or not, lasts about two months, evolving to a chronic phase for the rest of the 
patient’s life. The acute phase affects young dogs aged between five and six months, where 
generalized infections develop, with lesions in the myocardium and central nervous system, 
besides anorexia, lymphadenopathy, diarrhea, myocarditis and finally death from cardiac 
arrhythmia. The chronic phase, after eight to 36 months of the initial infection, is 
characterized by ventricular arrhythmia and myocardial dilatation. Signs of cardiac failure 
appear first in the right side of the heart, progressing to biventricular failure (Ettinger & 
Feldman, 1997). 

2.3.4 Diagnosis 

The diagnosis of trypanosomiasis has been made by the parasite survey in blood smear, 
xenodiagnosis, blood culture, samples from bone marrow puncture and lymph nodes 
(Lucheis, et al., 2005), besides indirect assays with antibody survey. The employed 
serological methods are ELISA, HAI, and IFA. Cross reaction between T. cruzi and 
Leishmania spp. in serological tests has been frequent due to the phylogenetic proximity 
between these parasites (Troncarelli, 2008, Viol et al., 2011). 

Thus, a more accurate diagnosis requires the use of complementary techniques like direct 
parasitological test and polymerase chain reaction (PCR). The latter allows amplifying DNA 
sequences of the parasite, consisting in a highly reliable diagnosis method with sensitivity 
and specificity of almost 100% (Ashford et al., 1995). 

2.3.5 Control 

Currently, there is no available medicine capable of eliminating T. cruzi infection and 
promoting definitive healing of all treated patients. In addition, there are regional 
differences due to different parasite strains. Chemotherapy of Chagas Disease remains a 
challenge. Only two nitroheterocyclic drugs are currently used, Nifurtimox and 
Benzonidazole, which are active against the blood forms of the parasite, as well as against 
the tissue forms once administered continuously for an ideal period of 60 days (DIAS et al., 
2009).  
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Treatment of Chagas infection in dogs and cats is still complex since most studies aim to 
evaluate the canine species as experimental model for therapy in humans. Furthermore, the 
available drugs do not promote definitive parasitological healing and the side effects are still 
controversial since therapy is prolonged. 

Thus, prevention of Chagas Disease is needed and prophylactic measures include covering 
cracks, using screens on doors and windows, avoiding the permanence of animals and birds 
inside the house, avoiding debris, removing the nest of birds from the house eaves, and 
sending suspect “barbers” to the health service (São Paulo, 2011). 

2.4 Infections by Cryptosporidium  

2.4.1 Epidemiology 

The genus Cryptosporidium is classified into the Phylum Apicomplexa and the Family 
Cryptosporidiidae. Genetic analyses allowed the description, according to the host, of 20 
Cryptosporidium species, of which 12 were in mammals; in addition, 61 Cryptosporidium 
genotypes were determined (Plutzer & Karanis, 2009; Fayer, 2010).  

Although there is a report of C. muris in dogs (Lupo et al, 2008), the latter are generally 
infected by C. canis (Abe et al., 2002; Thomaz et al., 2007) and C. parvum (Xiao et al., 1999). 
Humans are more frequently infected by C. parvum and C. hominis. Although C. felis, C. 
canis, C. meleagridis and C. muris were isolated from people, the risk of human infection by 
direct or indirect contact with pets has not been determined yet (Fayer et al., 2001; Smith et 
al., 2009). 

The occurrence of Cryptosporidium in dogs was low in our study (Bresciani et al., 2008), 
which corroborates other epidemiological surveys in Brazil (Mundim et al, 2007; Huber et al, 
2005; Lallo & Bondan, 2006). In the world, there are reports from absence (Fayer et al., 2001) 
to rates of 44.1% (Hammes et al., 2007). Most authors indicate higher occurrence in pups, 
which is associated with weaning, nutritional deficits and overcrowding conditions in 
kennels and/or catteries (Thompson et al., 2008).  

Oocysts shed by dogs may represent a source of human infection. According to some 
authors, however, this animal species does not constitute important risk in terms of public 
health (Thompson et al., 2008; Tzipori & Griffths, 1998, Smith et al., 2009).  

In an attempt to elucidate this issue, our current study included a total of 188 children from 
different villages of Andradina Municipality, SP, aged between zero and twelve years, as 
well as their respective pets, a total of 134 dogs and 54 cats, which were examined by using 
Enzyme-Linked Immunosorbent Assay (ELISA) with the Cryptosporidium test Kit TechLab®. 
To assess the degree of contact between the child and the respective pet, a questionnaire was 
applied to the 188 interviewees responsible for the children. Thus, 55.9% (104/186) parents 
confirmed that the animals lick the face of their children, 73.6% (137/186) are used to 
entering the bedroom, 11.2% (21/186) jump and/or sleep on the bed with the children, only 
7.5% (14/186) children wash their hands after having played with the animal, 16.6% (9/54) 
cats jump onto the kitchen sink and 54.8% children (102/186) play with sand at home. Of the 
four children positive for Cryptosporidium spp. according to ELISA, three had their animals 
reactive (Coelho, 2009). The next step is to perform the molecular characterization of 
positive samples through ELISA for children and their respective pets. 
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2.4.2 Physiopathogenesis 

Infection by Cryptosporidium causes atrophy, fusion and inflammation on the surface of 
intestinal microvilli, which result in absorptive surface loss and unbalanced nutrient 
transport. Diarrhea due to poor absorption is caused by epithelial barrier rupture and 
immunological and inflammatory responses by the host (Thompson et al., 2008). 

2.4.3 Biology 

Similarly to other parasites of vertebrates, Cryptosporidium spp. has a monoxenic life cycle, 
which is completed mainly in the gastrointestinal tract of the host. This protozoan, however, 
has peculiar features that differentiate it from other coccidia, including intracellular but 
extracytoplasmic location on the cell membrane surface of the infected host since it has a 
feeding organelle responsible for nutrition; in addition, it is included in a parasitophorous 
vacuole and has auto-infection capacity (Tzipori & Griffths, 1998). 

As to its biology, sporulated oocysts of Cryptosporidium are ingested by the host and, 
following exposure to the gastric juice and pancreatic enzymes, excystation occurs in the 
duodenum releasing four sporozoites. The latter are covered by microvilli located in a 
parasitophorous vacuole and start the asexual reproduction. They develop successive 
merogony generations, releasing eight and four sporozoites, respectively. The four merozoites 
released from the second merogony originate the sexual stages, microgametes and 
macrogametes, which unite to originate the zygote that, after two asexual divisions, forms the 
oocyst. Sporulation occurs inside the oocyst, developing four sporozoites. Thus, oocysts of thin 
(capable of starting a new cycle inside the same host) and thick wall (highly resistant under 
environmental conditions and released in the feces) develop. The infection generally remains 
in the gastrointestinal tract (Tzipori & Griffths, 1998; Thompson et al., 2008). 

2.4.4 Clinical manifestations 

Absence of symptoms and release of few fecal oocysts can be more frequently found in 
dogs. In humans, infection by Cryptosporidium is generally subclinical in communities from 
endemic areas or causes auto-limiting diarrhea with abdominal pain and vomits (Thompson 
et al., 2008).  

2.4.5 Diagnosis  

The microscopic diagnosis of cryptosporidiosis requires time and experience of the observer 
since oocysts are hardly visualized, have small dimensions and do not contain sporocysts. In 
our laboratorial diagnosis routine, these evolutionary forms can be observed mainly by 
means of techniques that stain the oocysts, such as Malachite green, Ziehl-Nielsen and 
Kinyoun. 

Intermittent excretion of Cryptosporidium oocysts is proven in small animals; thus, repeating 
the coproparasitological test is indicated, including new sample collection, even after a 
negative result (Huber et al, 2005). 

In a study performed by our team, the parasitological tests of Kinyoun and Sheather were 
compared with ELISA and the latter was more sensitive in detecting infection by 
Cryptosporidium spp. in dogs (Bresciani et al., 2008).  
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The distinction between Cryptoporidium species and genotypes has been conclusive only by 
molecular characterization. Thus, continuing our study, Polymerase chain reaction (PCR) 
will be performed, including genotypic identification, which can be followed by genetic 
characterization with restriction fragment length polymorphism (RFLP), using the 
restriction enzyme RsaI of a DNA fragment amplified from the gene that codifies 
Cryptosporidium oocyst wall protein (COWP) and/or the sequencing involving the genes 
codifying 18S rRNA, actin, HSP-70 and GP-60. The latter has shown a high degree of 
polymorphisms between isolates from Cryptosporidium species with identification of several 
subgenotypes and subtypes. In spite of scientific advances, these cytogenetic analyses are 
costly and thus maintain the interest in searching for diagnostic methods that can be 
performed by veterinarians to confirm the clinical suspect and to adopt immediate 
therapeutic measures (Plutzer & Karanis, 2009). 

2.4.6 Treatment 

The indicated therapy was rehydration and electrolyte replacement during the initial stages 
of the infection, before the expression of the host immune response (Thompson et al., 2008). 
The first drug approved for the treatment of cryptosporidiosis in immunodefficient children 
and adults, nitazoxanide and its two metabolites, minimized diarrhea and oocyst release 
(Rossignol., 2010). 

2.5 Infections by Toxoplasma gondii 

2.5.1 Epidemiology 

Toxoplasma gondii is a coccidian protozoan, obligate intracellular parasite, which affects 
almost all warm-blooded animal species (Dubey & Beattie, 1988).  

Our research group verified association between dogs positive for T. gondii and raised on 
the ground or lawn (p < 0.001), compared to those kept in cemented environment (Bresciani 
et al., 2007). 

As a disease of high seroprevalence, toxoplasmosis has higher incidence with age and is 
more common among stray dogs (Souza et al., 2003, Cánon-Franco et al., 2004). 

Two important data obtained in our studies must be highlighted, with special emphasis on 
their zoonotic aspect: 1) after infection, we isolated the parasite by means of bioassay from 
saliva, milk and urine from the animals (Bresciani et al., 2001); 2) we noted that pups from 
those mothers were born serologically positive, infected, with antibody titers from 1:64 to 
1:256, but apparently healthy (Bresciani et al., 2009).  

Ingestion of tissue cysts, ingestion of oocysts from the feces of infected cats and congenital 
infection are the three main forms of T. gondii transmission. Other less important forms 
include ingestion of contaminated milk, transference of organic fluids and organ 
transplantation (Dubey, 1986; Dubey et al., 1990; Powell et al., 2001; Miró et al., 2004).  

Our research group noted that T. gondii oocysts are widely distributed on the soil of 
elementary public schools in our region, likely constituting the main contamination source 
for these children (Santos et al., 2010). 
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2.4.2 Physiopathogenesis 
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their zoonotic aspect: 1) after infection, we isolated the parasite by means of bioassay from 
saliva, milk and urine from the animals (Bresciani et al., 2001); 2) we noted that pups from 
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Silva et al., 2010, showed that toxoplasmosis is related to problems of sanitary education, 
mainly concerning the appropriate cooking of foods, and was considered a public health 
problem. 

2.5.2 Biology 

In its cycle, the protozoan shows as two evolutionary forms in the intermediate host: 
tachyzoites, structures of rapid multiplication present in organic fluids in the acute phase, 
and bradyzoites, confined in tissue cysts, especially in the central nervous system and 
muscles, in the chronic infection. Oocysts, the final product of sexual reproduction, are 
formed only in the digestive tract of felids, definitive hosts which shed the oocysts with their 
feces, where by means of sporogony they become infective and extremely resistant to 
environmental conditions (Miller & Frenkel, 1972).  

In more detail, the cycle starts with felids ingesting cysts present in the meat. The cyst wall 
is dissolved by proteolytic enzymes of the stomach and small intestine, the parasite is 
released from the cyst and penetrates into the enterocytes (intestinal mucosa cells) of the 
animal, asexually replicating and originating several generations of Toxoplasma through 
asexual reproduction. After five days of this infection, the sexual reproduction process starts 
and the merozoites formed in the asexual reproduction originate the gametes. The male 
(microgamete) and female (macrogamete) gametes, originated from one same or two 
different parasites, join to form the egg or zygote which, after segregating the cyst wall, 
originates the oocyst.  

2.5.3 Clinical signs 

In experimental inoculations, some animals keep asymptomatic, few become ill and deaths 
are rare (Dubey, 1985). However, there are reports of pulmonary and digestive disorders 
(Oppermann, 1971), hyperthermia, lymphadenopathy (Bresciani et al., 2001), ocular lesions 
(Abreu et al., 2002), and loss of consciousness and movement (Brito et al., 2002). 

2.5.4 Pathogenesis 

The multiplication of tachyzoites will lead the host cell to death, in addition to coagulation 
necrosis (cream to yellow, in the form of necrosis points of 1 to 2mm diameter) in organs like 
spleen, liver and lungs of the intermediate host. 

2.5.5 Diagnosis 

Detection of antibodies against T. gondii by indirect immunofluorescence reaction, as well as 
by modified agglutination test, hemagglutination test and ELISA, is recommended for the 
epidemiological survey of this zoonosis; however, serology is not always the best form to 
prove this disease (Zhang et al., 2001) since the bioassay represents an ideal tool to detect 
this parasite (Abreu et al., 2002). The histopathological test associated with the 
immunohistochemistry technique, and both in association with PCR, have been widely used 
in the diagnosis of this infection (Schatzberg et al., 2003, Bresciani et al., 2009). 

Studies of the genetic diversity of a parasite have contributed to the evaluation of biological 
features such as virulence, resistance to drugs and immunological diversity, which can be 
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correlated to the epidemiological tracing of the agent in order to identify infection sources or 
transmission routes. At the same time, they can generate knowledge to improve diagnosis, 
treatment and control, besides valuable information to investigate genotypes from infections 
in animals (Tenter et al., 2000).  

Molecular and isoenzymatic studies have shown that T. gondii has a highly clonal 
population structure, although it has the opportunity to genetically recombine in a highly 
defined sexual cycle in definitive hosts. A consequence of this clonality would be the 
presence of features related to pathogenicity (Sibley et al., 1995). T. gondii would consist thus 
in three predominant clonal strains, named types I, II and III, globally occurring in animals 
and men (Dardé et al., 1992; Howe, Siblei, 1995).  

The mouse (Mus musculus) has been preferably used as experimental model of 
toxoplasmosis. Most virulent samples for mice are known to belong to type I, while almost 
all non-virulent isolates are included in type II or III (Howe, Sibley, 1995). Type-II genotype 
is associated with the reactivation of chronic infections in AIDS patients. These researchers 
also noted that type-I samples were more related to congenital toxoplasmosis in people and 
genotype III was preponderant in animals (Howe & Sibley, 1995). Nevertheless, this 
correspondence between virulence and the sample molecular standard may not be 
necessarily observed in all hosts (Grigg & Suzuki, 2003). 

2.5.6 Control 

Other drugs such as pyrimethamine, trimethoprim + sulfonamide and doxycycline (Quadro 
2), doxycycline, azithromycin, minocycline and clarithromycin can be employed (Lappin, 
2004). Clindamycin hydrochloride can be used at the dosage of 3 to 20 mg / Kg (Quadro 2) 
and also at 12.5 to 25 mg / Kg, orally, at every 12h for one to two weeks to shorten the 
oocyst elimination time. The clinical signs of toxoplasmosis resolve within two to four days 
with the administration of this drug (Greene, 1990; Lppin, 2004). T. gondii enteroepithelial 
stage does not occur in dogs, which become infected by ingesting sporulated oocysts or 
tissue cysts. Thus, coprophagy must be prevented, while the supply of cooked meat 
products or commercial food is recommended.  

Paratenic hosts such as flies and cockroaches must be eliminated, and the contact with soil 
or sand possibly contaminated with cat feces must be avoided, paying special attention to 
the daily cleaning of the feline sandbox in order to reduce environmental contamination 
(Greene, 1990, Navarro, 2001; Lappin, 2004); in addition, in this context, the birth of stray 
animals must be controlled, which may contribute to reducing the occurrence of this 
important zoonosis (Jittapalapong et al., 2007). 

3. Final considerations 
Considering the importance of the instruction and information level of teachers from 
municipal early childhood education centers (EMEI.S), the high occurrence of endoparasites 
in humans and the endemic situation of canine visceral leishmaniasis in Araçatuba Region, 
we investigated the knowledge degree of those teachers concerning parasitic zoonoses. 
Thirty EMEI.S from Araçatuba were visited and 85 teachers were interviewed. Descriptive 
statistical analysis indicated that 96.47% (82 out of 85) teachers answered that walking 
barefoot may interfere in helminth infection, while 85.88% (73/85) answered that nail biting 
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epidemiological survey of this zoonosis; however, serology is not always the best form to 
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correlated to the epidemiological tracing of the agent in order to identify infection sources or 
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is associated with the reactivation of chronic infections in AIDS patients. These researchers 
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stage does not occur in dogs, which become infected by ingesting sporulated oocysts or 
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products or commercial food is recommended.  
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or sand possibly contaminated with cat feces must be avoided, paying special attention to 
the daily cleaning of the feline sandbox in order to reduce environmental contamination 
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in humans and the endemic situation of canine visceral leishmaniasis in Araçatuba Region, 
we investigated the knowledge degree of those teachers concerning parasitic zoonoses. 
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may interfere in it. We verified that 44.71% (38/85) of them did not know the pathogenesis 
of helminth diseases and 63.53% (54/85) did not administer anthelmintics to small animals. 
The participation of cats in toxoplasmosis transmission was known by 92.94% (79/85), of 
which 82.35% (70/85) did not know the transmission routes. The dog was considered the 
disseminator of this disease by 80.00% (68/85) interviewees, and only 4.71% (4/85) cited 
ingestion of meat products as a route of Toxoplasma gondii transmission, while 67.06% 
(57/85) did not know about this issue. As to leishmaniasis, 91.76% (78/85) stated that dogs 
are the transmitters, but 58.82% (50/85) did not know how and 60.00% (51/85) 
recommended environmental cleaning as exclusive preventive measure. Based on the 
obtained data, we can infer that there is the need of implanting a community education 
program directed to the improvement of basic concepts of control and prevention of 
parasitic zoonoses (Tome et al., 2005). 

Our team interviewed people in the Third Age about basic concepts related to parasitoses. 
The obtained results proved the need of promoting elucidation campaigns directed to the 
aged, addressing the control of these diseases (Lima et al. 2008). 

More recently, we have carried out a study with the aim of guiding owners about concepts 
related to the responsible ownership of their pets in an endemic area for canine visceral 
leishmaniasis. Questionnaires about responsible ownership and control of this disease were 
applied to the owners of dogs and cats living in Araçatuba Municipality, SP, initially to 
assess the knowledge degree of these people. Then, based on the deficits verified in their 
responses, the authors of this study individually instructed the owners of these animals at 
their houses about the critical points to be reformulated in order to correct erroneous 
concepts concerning these issues. Thus, 25% (22/88) individuals had already had dogs 
seropositive for Canine Visceral leishmaniasis in their houses and of these, 54.55% (12/22) 
sent their animal to veterinarian clinics for euthanasia, 22.73% (5/22) used the services of the 
Municipal Zoonosis Control Center and 18.18% (4/22) paid for private treatment. However, 
35.63% (31/87) dogs were never subjected to exams for the diagnosis of infection by 
Leishmania spp. (MATOS et al., 2011). 

These studies indicated misinformation of owners regarding the control of canine 
endoparasitoses, evidencing the need of continuous implantation of campaigns for 
community concern. 

4. References 
Abe N, Sawano Y, Yamada K, Kimata I, Isemi M. Cryptosporidium infection in dogs in Osaka, 

Japan. Veterinary Parasitology. Vol. 108, Nº3, September 2002; pp. 185-93, 545-8585 
Abreu, C. B.; Navarro, I. T.; Reis, A. C. F.; Souza, M. S. B.; Machado, R.; Marana, E. R. M.; 

Prudêncio, L. B.; Mattos, M. R.; Tsutsui, V. S. Toxoplasmose ocular em cães jovens 
inoculados com Toxoplasma gondii. Ciência Rural. Vol. 32, Nº. 5, Set- Out 2002, pp. 
807-812, 0103-8478  

Alves, W. A.; Bevilacqua, P. D. Reflexões sobre a qualidade do diagnóstico da leishmaniose 
visceral canina em inquéritos epidemiológicos: o caso da epidemia de Belo 
Horizonte, Mina Gerais, Brasil, 1993-1997. Cadernos de Saúde Pública, Vol. 20, Nº. 1, 
2004, pp. 259-265, 0102-311X 

Ashford, D. A.; Bozza, M.; Freire, M.; Miranda, J. C.; Sherlock, I.; Eulálio, C.; Lopes, U.; 
Fernandes, O.; Degrave, W.; Barker Jr, R. H.; Badaró, R.; David, J. R. Comparison of 

 
Endoparasites with Zoonotic Potential in Domesticated Dogs 

 

407 

the polimerase chain reaction and serology for the detection of canine visceral 
leishmaniasis. American Journalof Tropical Medicine and Hygiene. Vol. 53, Nº. 3, 
Setember 1995, pp. 251-255, 0002-9637 

Bachmeyer, C.; Mouchnino, G.; Thulliez, P.; Blum, L. Congenital toxoplasmosis from an 
HIV-infected woman as a result of reactivation. The Journal of Infection, London, 
February 2006, Vol. 52, Nº. 2, pp. e55–e57,  

Beaver, P.C., Syndrer, C.H., Carrera, G.M., Dent, J.H., Lafferty, J.W. Chronic eosinophilia 
due to visceral larva migrans: report of three cases. Pediatrics, Vol. 9, Nº. 1, January 
1952, p.7-9,  

Bepa Comitê de leishmaniose visceral americana (2010) Classificação epidemiológica dos 
municípios segundo o programa de vigilância e controle da leishmaniose visceral 
americana no estado de São Paulo, atualizado em maio de 2010 Bol Epidemiol Paul 
7:21-40 

Blazius, R.D.; Emerick. S.; Prophiro, J.S.; Romão, P. R. T.; Silva, O.S. Ocorrência de 
protozoários e helmintos em amostras de fezes de cães errantes da cidade de 
Itapema, Santa Catarina. Revista da Sociedade Brasileira de Medicina Tropical, Vol. 38, 
Nº. 1, Jan./Feb. 2005, pp. 73-74, 0037-8682 

Bowman, DD., & Lucio-Forster, A. 2010. Cryptosporidiosis and giardiasis in dogs and cats: 
Veterinary and public health importance. Experimental Parasitology. Vol. 124, No. 1, 
january 2010, pp. 121-127, 0014-4894 

Boag P.R.; Parsons, J.C.; Presidente, P.J.; Spithill, T.W.; Sexton, J.L. Characterization of 
humoral immune responses in dogs vaccinated with irradiated Ancylostoma 
caninum. Veterinary Immunology and Immunopathology, March 2003, Vol. 92, Nº. 
1-2, pp. 87-94, 

Borecka, A. Prevalence of intestinal nematodes of dogs in Warsaw area, Poland. 
Helminthologia. 2005, Vol. 42, Nº1, pp.35-9. 

Brasil. Ministério da Saúde. Secretaria de Vigilância em Saúde. Departamento de Vigilância 
Epidemiológica. Manual de Vigilância e controle da leishmaniose visceral. Brasília, 
2006. pp. 9-18. 

Bradley, C.A., Altizer, S. Urbanization and the ecology of wildlife diseases. Trends in Ecology 
& Evolution . February 2007; Vol. 22, Nº2, pp. 95-102,  

Brener, B., Lisboa, L., Mattos, DPBG., Arashiro, EKN., Millar, PR., Sudré, AP., & Duque, V. 
Frequência de enteroparasitas em amostras fecais de cães e gatos dos municípios 
do Rio de Janeiro e Niterói. Revista Brasileira de Ciência Veterinária. Vol. 12, No.1, 
janeiro-dezembro 2005, pp. 102-105, 1413-0130. 

Bresciani, K. D. S.; Toniollo, G. H.; Costa, A. J.; Sabatini, G. A.; Moraes, F. R. Clinical, 
parasitological and obstetric observations in pregnant bitches with experimental 
toxoplasmosis. Ciência Rural, Vol. 31, Nº.6, Dec. 2001, pp. 1039-1043, 0103-8478 

Bresciani, KDS., Amarante, AFT., Lima, VFM., Feitosa, MM., Feitosa, FLF., Serrano, ACM., 
Ishizaki, MN., Tome, RO., Táparo, CV., Perri, SHV., & Meireles., MV. 2008. 
Infection by Cryptosporidium spp. in dogs from Araçatuba, SP, Brazil: Comparison 
between diagnostic methods and clinical and epidemiological analysis. Veterinária e 
Zootecnia. Vol. 15, No. 3, Dec. 2008, p.466-468, 0102-5716. 

Bresciani, K. D. S., Bridger, K.E., Whitney, H. Gastrointestinal parasites in dogs from the 
Island of St. Pierre off the south coast of Newfoundland. Veterinary Parasitology. 
May 2009, Vol. 162, Nº. 1-2, pp. 167-70. 



 
Zoonosis 

 

406 

may interfere in it. We verified that 44.71% (38/85) of them did not know the pathogenesis 
of helminth diseases and 63.53% (54/85) did not administer anthelmintics to small animals. 
The participation of cats in toxoplasmosis transmission was known by 92.94% (79/85), of 
which 82.35% (70/85) did not know the transmission routes. The dog was considered the 
disseminator of this disease by 80.00% (68/85) interviewees, and only 4.71% (4/85) cited 
ingestion of meat products as a route of Toxoplasma gondii transmission, while 67.06% 
(57/85) did not know about this issue. As to leishmaniasis, 91.76% (78/85) stated that dogs 
are the transmitters, but 58.82% (50/85) did not know how and 60.00% (51/85) 
recommended environmental cleaning as exclusive preventive measure. Based on the 
obtained data, we can infer that there is the need of implanting a community education 
program directed to the improvement of basic concepts of control and prevention of 
parasitic zoonoses (Tome et al., 2005). 

Our team interviewed people in the Third Age about basic concepts related to parasitoses. 
The obtained results proved the need of promoting elucidation campaigns directed to the 
aged, addressing the control of these diseases (Lima et al. 2008). 

More recently, we have carried out a study with the aim of guiding owners about concepts 
related to the responsible ownership of their pets in an endemic area for canine visceral 
leishmaniasis. Questionnaires about responsible ownership and control of this disease were 
applied to the owners of dogs and cats living in Araçatuba Municipality, SP, initially to 
assess the knowledge degree of these people. Then, based on the deficits verified in their 
responses, the authors of this study individually instructed the owners of these animals at 
their houses about the critical points to be reformulated in order to correct erroneous 
concepts concerning these issues. Thus, 25% (22/88) individuals had already had dogs 
seropositive for Canine Visceral leishmaniasis in their houses and of these, 54.55% (12/22) 
sent their animal to veterinarian clinics for euthanasia, 22.73% (5/22) used the services of the 
Municipal Zoonosis Control Center and 18.18% (4/22) paid for private treatment. However, 
35.63% (31/87) dogs were never subjected to exams for the diagnosis of infection by 
Leishmania spp. (MATOS et al., 2011). 

These studies indicated misinformation of owners regarding the control of canine 
endoparasitoses, evidencing the need of continuous implantation of campaigns for 
community concern. 
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1. Introduction 

With the domestication of animals, the contact between the latter and humans has 
intensified, favoring the occurrence of parasitic zoonoses (Brooker et al., 2004; Landmann et 
al., 2003; Katagiri et al., 2007; Thompson et al., 2008; Araújo et al., 2008). This is more evident 
in places where hygienic-sanitary conditions are poor (Ederli et al., 2008) and human or 
animal feces are present in the environment (Gatei et al., 2008; Smith et al., 2010; Sousa et al., 
2010; Yoder et al., 2010). 

Thus, large human conglomerates and environmental changes made by men have favored 
the occurrence of several emerging and re-emerging parasitic diseases (Prociv & Croese, 
1996; MacCarthy & Moore et al., 2000). 

Some parasites show low specificity to their host and may infect a great variety of animals 
(Tzipori, 1980; Xiao, 2010), causing even more severe infection in immunosuppressed 
individuals (Gatei et al., 2008; Alves et al., 2010). 

Several etiological agents of zoonotic potential have been reported in domestic cats, 
constituting a severe public health problem (Robertson et al., 2002; Coelho et al., 2010; 2011a; 
2011b; 2011c). Although several countries have adopted prophylactic and therapeutic 
measures, gastrointestinal parasites like helminths (Lima et al., 2006) and protozoa (Palmer 
et al., 2008) are commonly detected by means of different coproparasitological techniques in 
fecal samples from felines (Tzanes et al., 2008; Coelho et al., 2009). 

Felines play an essential role in the epidemiology of parasites causing zoonoses, including 
Ancylostoma caninum, Ancylostoma braziliense (Coelho et al. 2011a), Toxocara spp., Dipylidium 
caninum  (Abu-Madi et al., 2010; Mircean et al., 2010), and protozoa such as Cryptosporidium 
spp. and Giardia spp. (Apelbee et al., 2005; Bresciani et al., 2008).  

Toxoplasma gondii is a protozoan capable of infecting a large number of animals and has 
felines as its definitive host. This parasite represents a great risk to the human population, 
causing diverse infection and mortality levels, especially among immunosuppressed people 
and pregnant women (Barbosa et al., 2007; Dubey, 2010). 

Although the dog is considered the main urban reservoir for visceral leishmaniasis, the 
constant reports of this infection in felines have suggested that the latter play an important 
role in the cycle of this protozoan (Dantas-Torres, 2006; Coelho et al., 2011c). 
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2. Agents  
Ancylostoma spp., Toxocara spp., Dipylidium caninum.  

3. Epidemiology 
Occurrence of gastrointestinal helminths in felines have been detected by means of 
parasitological necropsy in South Africa (Baker et al., 1989), Spain (Calvete et al., 1998), 
Egypt (Kalafalla, 2011) and Brazil (Ogassawara et al., 1986; Souza et al., 1982; Coelho et al., 
2011a).  

Analysis of fecal samples has been employed in epidemiological surveys in Iran (Sharif et 
al., 2010), the Netherlands (Overgaauw, 1997, Overgaauw & Boersena, 1998) and Brazil 
(Gennari et al., 2001; Labarthe et al., 2004; Coelho et al., 2009).  

Ancylostoma was the most prevalent genus among the studied animals, which corroborates 
data in the literature (Serra et al., 2003, Funada et al., 2007). A large number of studies, 
however, have shown that the genus Toxocara sp. occurs at a higher frequency (Calvete et 
al., 1998, Ragozo et al., 2002), except for the study carried out by Bittencourt et al., 1996, in 
Espírito Santo do Pinhal, Brazil, where the proportion of these two helminths was the same 
(20%).  

In a previous study, our team performed parasitological necropsy in 60 cats domiciled in 
Araçatuba Municipality, São Paulo State, Brazil, and sent to the Zoonosis Control Center of 
that municipality.  The genus Ancylostoma spp. was most frequently detected. It must be 
highlighted that of all animals analyzed, 40 (86.96%) had A. braziliense and 11 (23.91%) had 
the species A. tubaeforme, and mixed infection by A. braziliense and A. tubaeforme occurred in 
10 (21.74%) animals (Ishizaki et al., 2006). 

Researchers like Campos et al. (1974), Ogassawara et al. (1986), Baker et al. (1989), Calvete et 
al. (1998) and Overgaauw & Boersema (1998)  did not detect the genus Toxocara in a survey 
of the helminth fauna. 

Predominance of the genus Ancylostoma over the remaining gastrointestinal parasites could 
be verified by our research group since 96% (49/51), 43.1% (22/51) and 19.6% (10/51) 
analyzed cats had eggs of Ancylostoma spp, Toxocara spp. and ovigerous capsules of D. 
caninum, respectively (Coelho et al., 2009). 

We must emphasize the low positivity for D. caninum; the presence of this parasite is 
generally underestimated in surveys using coproparasitological tests since its diagnosis is 
made based on the presence of proglottids in fresh feces or adult forms in necropsy but 
rarely on the presence of ovigerous capsules in feces (Gennari et al., 1999). The percentages 
of infection by D. caninum are different according to the place of origin of animals.  Souza et 
al. (1982) found prevalence of 51.42% in Rio Grande do Sul, whereas Blazius et al. (2005) 
obtained prevalence of 1.9% in Santa Catarina State, Brazil. 

In São Paulo State, Brazil, Silva et al. (2001) observed that 100% (11/11) cats were positive 
for Ancylostoma caninum. In Minas Gerais State, Brazil, Mundim et al. (2004) verified that 
90% (45/50) analyzed cats had eggs of Ancylostoma spp.  
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Environmental contamination by this helminth has been reported in several studies in Brazil 
(Côrtes et al., 1988; Santarém et al., 1998) and in the world (Shimizu, 1993; Uga, 1993; Şengür 
et al., 2005).  

4. Physiopathogenesis 
Parasite migration and spoliation of larvae of A. braziliense and A. caninum lead to a disease 
named cutaneous larva migrans (CLM) (Hunter & Worth 1945; Hanslik et al.,, 1998; Kwon et 
al., 2003; Caumes et al., 2004). High levels of intestinal lesions and is mainly related to the 
number of worms present in the intestinal lumen, as well as to the age of animals (Rey, 2001; 
Fortes, 2004). 

5. Biology 
Except for D. caninum which needs fleas as intermediate host, parasites belonging to the 
genera Ancylostoma and Toxocara areoelomic cavity of these insects and, when ingested by a 
mammal biologically defined as host, the parasite is released in the small intestine, where it 
establishes (Rey, 2001; Fortes, 2004). 

6. Clinical signs 
The number of adult parasites in the animals is a determinant for the infection severity and 
the manifestation of clinical signs. Dermatitis, eczema, itch, hypersensitivity and anemia are 
some of the diverse clinical manifestations shown by animals parasitized by Ancylostoma 
(Rey, 2001; Fortes, 2004). 

Human toxocariasis may be associated with the formation of pyogenic abscesses (Rayes & 
Lambertucci, 1999), asthma (Tonelli, 2005), and several forms of ocular, hepatic and renal 
disorders (Jacob et al., 1994). These clinical signs are similar to those observed in domestic 
cats, especially in pups (Fortes, 2004). 

Although D. caninum is considered slightly pathogenic, hypersensitivity, diarrhea, 
abdominal pain, as well as nervous manifestations and intussusceptions, may occur (Rey, 
2001; Fortes, 2004). 

7. Diagnosis 
Diagnosis must be based on the animal history, including detailed anamnesis with special 
attention to the clinical manifestations that may be easily confused with those of other 
diseases. Thus, skin biopsy can also be performed to detect Ancylostoma (Acha & Szyfres, 
2003), as well as serological tests to detect anti-Toxocara antibodies (Marchioro et al., 2011). 
In addition, coproparasitological tests have been shown highly effective in detecting these 
parasites (Hoffmann, 1987; Coelho, 2009). 

Different prevalence levels can be found for these parasites according to the adopted 
diagnosis technique. In our study, parasitological necropsy was the “gold standard” test, 
while the techniques of flotation in saturated sodium chloride solution of 1.182 density 
(Willis, 1921) and spontaneous sedimentation in water showed different sensitivity and 
specificity levels (Coelho et al., 2011a).  
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al. (1998) and Overgaauw & Boersema (1998)  did not detect the genus Toxocara in a survey 
of the helminth fauna. 

Predominance of the genus Ancylostoma over the remaining gastrointestinal parasites could 
be verified by our research group since 96% (49/51), 43.1% (22/51) and 19.6% (10/51) 
analyzed cats had eggs of Ancylostoma spp, Toxocara spp. and ovigerous capsules of D. 
caninum, respectively (Coelho et al., 2009). 

We must emphasize the low positivity for D. caninum; the presence of this parasite is 
generally underestimated in surveys using coproparasitological tests since its diagnosis is 
made based on the presence of proglottids in fresh feces or adult forms in necropsy but 
rarely on the presence of ovigerous capsules in feces (Gennari et al., 1999). The percentages 
of infection by D. caninum are different according to the place of origin of animals.  Souza et 
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Environmental contamination by this helminth has been reported in several studies in Brazil 
(Côrtes et al., 1988; Santarém et al., 1998) and in the world (Shimizu, 1993; Uga, 1993; Şengür 
et al., 2005).  

4. Physiopathogenesis 
Parasite migration and spoliation of larvae of A. braziliense and A. caninum lead to a disease 
named cutaneous larva migrans (CLM) (Hunter & Worth 1945; Hanslik et al.,, 1998; Kwon et 
al., 2003; Caumes et al., 2004). High levels of intestinal lesions and is mainly related to the 
number of worms present in the intestinal lumen, as well as to the age of animals (Rey, 2001; 
Fortes, 2004). 

5. Biology 
Except for D. caninum which needs fleas as intermediate host, parasites belonging to the 
genera Ancylostoma and Toxocara areoelomic cavity of these insects and, when ingested by a 
mammal biologically defined as host, the parasite is released in the small intestine, where it 
establishes (Rey, 2001; Fortes, 2004). 

6. Clinical signs 
The number of adult parasites in the animals is a determinant for the infection severity and 
the manifestation of clinical signs. Dermatitis, eczema, itch, hypersensitivity and anemia are 
some of the diverse clinical manifestations shown by animals parasitized by Ancylostoma 
(Rey, 2001; Fortes, 2004). 

Human toxocariasis may be associated with the formation of pyogenic abscesses (Rayes & 
Lambertucci, 1999), asthma (Tonelli, 2005), and several forms of ocular, hepatic and renal 
disorders (Jacob et al., 1994). These clinical signs are similar to those observed in domestic 
cats, especially in pups (Fortes, 2004). 

Although D. caninum is considered slightly pathogenic, hypersensitivity, diarrhea, 
abdominal pain, as well as nervous manifestations and intussusceptions, may occur (Rey, 
2001; Fortes, 2004). 

7. Diagnosis 
Diagnosis must be based on the animal history, including detailed anamnesis with special 
attention to the clinical manifestations that may be easily confused with those of other 
diseases. Thus, skin biopsy can also be performed to detect Ancylostoma (Acha & Szyfres, 
2003), as well as serological tests to detect anti-Toxocara antibodies (Marchioro et al., 2011). 
In addition, coproparasitological tests have been shown highly effective in detecting these 
parasites (Hoffmann, 1987; Coelho, 2009). 

Different prevalence levels can be found for these parasites according to the adopted 
diagnosis technique. In our study, parasitological necropsy was the “gold standard” test, 
while the techniques of flotation in saturated sodium chloride solution of 1.182 density 
(Willis, 1921) and spontaneous sedimentation in water showed different sensitivity and 
specificity levels (Coelho et al., 2011a).  
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This same difference was observed by our group in another study, in which fecal samples 
from 51 cats were analyzed, indicating the presence of eggs of Ancylostoma spp. in 96% 
samples according to the method of Willis and in 21.5% samples according to the technique 
of Faust. This study also indicated divergence between these techniques as to detection 
Toxocara eggs (43.1% by Willis and 9.8% by Faust) and D. caninum ovigerous capsules (19.6% 
by Willis and 5.8% by Faust (Coelho et al., 2009). 

Thus, there is the need of associating different coproparasitological techniques in the 
laboratorial routine in order to increase the efficiency of the diagnosis of helminths and 
protozoa (Huber et al., 2004; Coelho et al., 2009). 

Our group has worked to established an automated standard diagnosis method named 
Modified TF-Test®, which allows 3D computer analysis of parasitic structures present in the 
feces of animals by means of image recombination, leading thus to an important diagnostic 
innovation concerning helminths and protozoa affecting pets. 

8. Treatment 
Although parasitic resistance to certain anthelmintics have been reported, the mebendazole, 
albendazole (Amato Neto et al., 1983) and ivermectin (Machado & El Achkar, 2003) remain 
showing good efficacy. 

9. Agents 
Cryptosporidium spp. and Giardia spp. 

10. Epidemiology 
Similarly to giardiasis, cryptosporidiosis is a cosmopolitan gastrointestinal disease caused 
by protozoa of the genus Cryptosporidium, widely distributed all over the world (Smith et al., 
2006; Xiao& Fayer, 2008; Ballweber et al., 2009). It is considered a neglected disease of great 
public health importance due to its frequent occurrence (Alves et al., 2006; Savioli et al., 
2006; Carvalho, 2009), difficult treatment (Schnyder et al., 2009; Rossignol, 2010) and 
singular epidemiological aspects such as its transmission mode, zoonotic potential (Mtambo 
et al., 1996; Monis & Thompson, 2003; El-Sherbini et al., 2006), and variation in subtypes 
with the geographical region (Hunter et al., 2008; Xiao, 2010). 

On account of their low host selectivity, Cryptosporidium felis (Huber et al., 2007) and several 
other Cryptosporidium species have been described in cats, including Cryptosporidium parvum 
(Sargent et al., 1998) and Cryptosporidium muris (Pavlasek & Ryan, 2007). 

Infection prevalence rates of 8.1% (19/235) for Cryptosporidium spp. were reported by 
Mtambo et al. (1992) in the United Kingdom. In Brazil, different Cryptosporidium infection 
rates were found in different states by Funada et al. (2007), 11.3% (37/327), Huber et al. 
(2002), 12.5% (6/48), and Coelho et al. (2009), 3.9% (2/51), using different 
coproparasitological techniques. 

In Australia, Palmer et al. (2008) used molecular analyses and verified that Giardia 
Assemblages F and D are present in the feces of domestic cats. This is important since 
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infection by Giardia duodenalis assemblages are frequent in humans by assemblage B, while 
in pets assemblages C and D occur in dogs and assemblage F in cats (Monis & Thompson, 
2003; Souza et al., 2007; Xiao & Fayer., 2008), there is also the possibility of cross infection by 
Giardia assemblages between animals and humans (Traub et al., 2004; Palmer et al., 2008; 
Feng & Xiao, 2011). 

In our study, Giardia spp. was detected in 5.9% (3/51) fecal samples from domestic cats. 
Also in Brazil, Gennari et al. (1999) noted that 16.04% of 187 fecal samples from cats were 
positive for Giardia spp. In Australia, MacGlade et al. (2003) analyzed fecal samples from 40 
cats and observed approximately 60% positivity prevalence for Giardia.  

A similar occurrence was detected in Germany between 1999 and 2002, when fecal samples 
from 3164 cats were analyzed indicating that 51.6% had cysts of Giardia spp. (Barutzki & 
Schaper, 2003). 

11. Physiopathogenesis 
The pathophysiological mechanism of cryptosporidiosis consists in its intraenterocytic stage. 
This enteroinfection causes atrophy, fusion of intestinal villi and inflammation, which result 
in absorptive surface loss and unbalanced nutrient transport. It is not clear yet whether the 
parasite interferes with the cell function but it seems capable of inducing or inhibiting cell 
apoptosis (Chen et al., 1998; Dagci et al., 2002; Buret et al., 2003; Leav et al., 2003). 

Histopathological analyses have revealed that cryptosporidiosis may lead to minimal 
inflammatory infiltration and villus blunting, while changes are more pronounced in 
immunosuppressed individuals, including greater inflammatory changes, epithelial cell 
barrier rupture with more extensive and intense inflammatory cell infiltration. Massive 
parasite infection in the enterocytes stimulates local inflammatory reaction, increasing the 
levels of prostaglandins, several cytokines, especially interferon. These inflammatory 
mediators change solute transport in the intestinal epithelial cell, leading to osmotic 
diarrhea (Leav et al., 2003).   

Diarrhea due to poor absorption results of the interaction between parasitic products such 
as proteinases, which rupture the epithelial barrier, and the immune/inflammatory 
responses of the host, favoring deficient absorption of electrolytes and nutrients, combined 
with the hypersecretion of chlorine and water (Argenzio et al., 1990; Huang & White, 2006), 
inducing intestinal abnormalities, especially due to the activation of CD8+ lymphocytes in 
the intraepithelial compartment, with increased cytotoxic activity (Chai et al., 1999; Buret, 
2009). 

Cryptosporidium infection is auto-limiting for immunologically normal individuals. In 
immunodepressed humans, however, this disease is associated with high mortality and 
morbidity indexes (Hunter & Nichols, 2002), especially in HIV-positive (Cama et al., 2007), 
transplanted individuals (Dekinger et al., 2007) and children (Glaeser et al., 2004) showing 
deficient global count of T CD4+ lymphocytes (Assefa et al., 2009). 

Parasitic infection by Giardia intestinalis is most frequently reported all over the word. It 
causes several intestinal, nutritional and general development disorders (Botero-Garcés et 
al., 2009; Singh et al., 2009).  
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This same difference was observed by our group in another study, in which fecal samples 
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singular epidemiological aspects such as its transmission mode, zoonotic potential (Mtambo 
et al., 1996; Monis & Thompson, 2003; El-Sherbini et al., 2006), and variation in subtypes 
with the geographical region (Hunter et al., 2008; Xiao, 2010). 

On account of their low host selectivity, Cryptosporidium felis (Huber et al., 2007) and several 
other Cryptosporidium species have been described in cats, including Cryptosporidium parvum 
(Sargent et al., 1998) and Cryptosporidium muris (Pavlasek & Ryan, 2007). 

Infection prevalence rates of 8.1% (19/235) for Cryptosporidium spp. were reported by 
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rates were found in different states by Funada et al. (2007), 11.3% (37/327), Huber et al. 
(2002), 12.5% (6/48), and Coelho et al. (2009), 3.9% (2/51), using different 
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In Australia, Palmer et al. (2008) used molecular analyses and verified that Giardia 
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infection by Giardia duodenalis assemblages are frequent in humans by assemblage B, while 
in pets assemblages C and D occur in dogs and assemblage F in cats (Monis & Thompson, 
2003; Souza et al., 2007; Xiao & Fayer., 2008), there is also the possibility of cross infection by 
Giardia assemblages between animals and humans (Traub et al., 2004; Palmer et al., 2008; 
Feng & Xiao, 2011). 

In our study, Giardia spp. was detected in 5.9% (3/51) fecal samples from domestic cats. 
Also in Brazil, Gennari et al. (1999) noted that 16.04% of 187 fecal samples from cats were 
positive for Giardia spp. In Australia, MacGlade et al. (2003) analyzed fecal samples from 40 
cats and observed approximately 60% positivity prevalence for Giardia.  

A similar occurrence was detected in Germany between 1999 and 2002, when fecal samples 
from 3164 cats were analyzed indicating that 51.6% had cysts of Giardia spp. (Barutzki & 
Schaper, 2003). 

11. Physiopathogenesis 
The pathophysiological mechanism of cryptosporidiosis consists in its intraenterocytic stage. 
This enteroinfection causes atrophy, fusion of intestinal villi and inflammation, which result 
in absorptive surface loss and unbalanced nutrient transport. It is not clear yet whether the 
parasite interferes with the cell function but it seems capable of inducing or inhibiting cell 
apoptosis (Chen et al., 1998; Dagci et al., 2002; Buret et al., 2003; Leav et al., 2003). 

Histopathological analyses have revealed that cryptosporidiosis may lead to minimal 
inflammatory infiltration and villus blunting, while changes are more pronounced in 
immunosuppressed individuals, including greater inflammatory changes, epithelial cell 
barrier rupture with more extensive and intense inflammatory cell infiltration. Massive 
parasite infection in the enterocytes stimulates local inflammatory reaction, increasing the 
levels of prostaglandins, several cytokines, especially interferon. These inflammatory 
mediators change solute transport in the intestinal epithelial cell, leading to osmotic 
diarrhea (Leav et al., 2003).   

Diarrhea due to poor absorption results of the interaction between parasitic products such 
as proteinases, which rupture the epithelial barrier, and the immune/inflammatory 
responses of the host, favoring deficient absorption of electrolytes and nutrients, combined 
with the hypersecretion of chlorine and water (Argenzio et al., 1990; Huang & White, 2006), 
inducing intestinal abnormalities, especially due to the activation of CD8+ lymphocytes in 
the intraepithelial compartment, with increased cytotoxic activity (Chai et al., 1999; Buret, 
2009). 

Cryptosporidium infection is auto-limiting for immunologically normal individuals. In 
immunodepressed humans, however, this disease is associated with high mortality and 
morbidity indexes (Hunter & Nichols, 2002), especially in HIV-positive (Cama et al., 2007), 
transplanted individuals (Dekinger et al., 2007) and children (Glaeser et al., 2004) showing 
deficient global count of T CD4+ lymphocytes (Assefa et al., 2009). 

Parasitic infection by Giardia intestinalis is most frequently reported all over the word. It 
causes several intestinal, nutritional and general development disorders (Botero-Garcés et 
al., 2009; Singh et al., 2009).  
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Although giardiasis is an auto-limiting disease, it manifests in individuals mainly by means 
of acute diarrhea; however, asymptomatic chronic infections may occur, leading to 
malabsorption of vitamin A, B12 (Springer et al., 1997) and anemia due to iron deficiency 
(Ertan et al., 2002).  

Children are most affected by this protozoan disease (Tellez et al., 1997; Thompson et al., 
2000), especially in developing countries where hygienic-sanitary conditions are not 
adequate (Guimarães et al., 1995; Savioli al., 2006), and domestic animals may produce cysts 
potentially infective for humans (Eligio-García et al., 2008). 

In Colombia, Botero-Garcés et al. (2009) verified that 27.6% of the 2035 studied children 
were infected by G. intestinalis and part of them had significant body development deficit. 

12. Biology 
As to Cryptosporidium biology, sporulated oocysts are ingested by the host and, following 
exposure to the gastric juice and pancreatic enzymes, excystation occurs in the duodenum 
releasing four sporozoites. The latter are covered by microvilli located in a parasitophorous 
vacuole and start the asexual reproduction. In this event, they develop successive 
merogonies, releasing eight and four sporozoites, respectively (Fortes et al., 2004).  

The four merozoites released from the second merogony originate the sexual stages, 
resulting in the genesis of microgametes and macrogametes, which unite to form the zygote. 
Sporulation occurs inside the oocyst, developing four sporozoites. In this event, oocysts of 
thin (capable of starting a new cycle inside the same host by means of retroinfection) and 
thick wall (highly resistant under environmental conditions and released in the feces) are 
formed. In healthy people, the infection generally remains in the gastrointestinal tract 
(TZIPORI & GRIFFTHS, 1998). 

Considering the biological cycle of Giardia, we must highlight that in addition to producing 
trophozoites and cysts, this flagellate protozoan is capable of infecting a large number of 
domestic animals (Geurden et al., 2010), as well as men (Thompson & Monis, 2004); this 
microorganism is also highly evolved and with the capacity for recombination among their 
Assemblages (Cacciò & Sprong, 2010). 

13. Clinical signs 
In general, the clinical signs of parasitized animals consist in diarrhea (Fortes, 2004). 
Gastrointestinal disorders may manifest severely in immunosuppressed individuals (Assefa 
et al., 2009), while clinical manifestation variation, infection persistence and severity of 
symptoms are directly correlated to TCD4+ lymphocyte count (Gupta et al., 2008).  

Similarly to cryptosporidiosis, giardiasis may develop varied symptoms, especially acute 
diarrhea, abdominal pain (Springer et al., 1997; Cimerman et al., 1999), anemia and loss in 
the energetic and protein values (Ertan et al., 2002; Gendrei et al., 2003). 

14. Diagnosis 
The diagnosis of Cryptosporidium spp. and Giardia spp. must always be made by associating 
two or more techniques in order to increase the diagnosis efficacy (Mtambo et al., 1992; 
Huber et al., 2004; Coelho et al., 2009).  
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The intermittent release of Cryptosporidium oocysts requires that coproparasitological tests 
be repeated, including new sample collection, even after a negative result (Huber et al., 2002; 
Brook et al., 2008; Huber et al., 2005). 

15. Treatment 
To treat cryptosporidiosis, nitazoxanide, trimethoprim-sulfamethoxazole and pyrimethamine 
can be used with certain efficacy once there is no immunosuppression associated. The 
treatment of giardiasis has included metronidazole, nitazoxanide, furazolidone, quinacrine 
and paramomycin (Petri Jr., 2003). 

16. Agents 
Toxoplasma gondii. 

17. Epidemiology 
In Brazil, Dalla Rosa et al. (2010) and Bresciani et al. (2007) proved by means of serological 
methods the occurrence of anti-T. gondii antibodies in 14.33% (43/300) and 25% (100/400) of 
the analyzed cats, respectively. Also in Brazil, prevalence rates of 35.4% (84/237) were 
found by Silva et al. (2002) and 26.3% (132/502) by Pena et al. (2006). 

Lucas et al. (1998) and Garcia et al. (1999) suggested that toxoplasmic infection is 
predominantly more frequent among younger animals, confirming that the prenatal stage is 
predominant for acquiring this infection.  

This was confirmed in our study, in which 15.7% (11/70) cats were seroreactive for T. gondii, 
which occurred mainly in young animals (Coelho et al., 2011b). Association between sex and 
breed with occurrence of infection by T. gondii was not verified by Bresciani et al. (2007); 
Pinto et al. (2009) and Dalla Rosa et al. (2010). 

18. Physiopathogenesis 
Soon after the ingestion of environmental oocysts or tissue cysts, the parasite causes 
systemic infection, resulting in bradyzoite production (Dubey, 2010). It must be highlighted 
that toxoplasmosis manifests more severely in immunosuppressed individuals, especially 
those showing TCD4 lymphocyte count lower than 100 cells per mm3 (Hoffmann et al., 
2007).  

19. Biology 
As to T. gondii biology, it is important to emphasize that this parasite has zoonotic potential 
(Dubey, 2010), showing oocysts capable of contaminating the environment and remaining 
infective for long periods (Elmore et al., 2010).  

The occurrence of these protozoan diseases has been correlated to management, 
environment (Modolo et al. 2008), livestock by-products (Hiramoto et al., 2001) and even 
dissemination through water (Jones & Dubey, 2010).  
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20. Clinical signs  
Infection by T. gondii can cause several lesion levels in the host, including the asymptomatic 
forms, in addition to retinochoroiditis (Alves et al., 2010), cerebral lesions, psychiatric 
disorders (Torrey & Yolken, 2003; Youken et al., 2009) and disseminated forms (Barbosa et 
al., 2007). 

It is an opportunistic infection, common in immunosuppressed patients, being the most 
common cause of secondary infection of the central nervous system, causing the occurrence 
of severe encephalitis (Collazos, 2003; Pradhan et al., 2007). 

Experimental infections in cats are often asymptomatic, few animals get sick and deaths 
rarely occur (Omata et al., 1990; Sato et al., 1993). However, Dubey et al. (1996) and Elmore 
et al. (2010) report the occurrence of some lesions in neonates. 

Experimental infections in cats are frequently asymptomatic, a few animals become ill and 
deaths are rare (Omata et al., 1990; Sato et al., 1993). Abortion and neonatal mortality have 
been described for pregnant cats orally inoculated with T. gondii tissue cysts (Powell et al., 
2001).  

21. Diagnosis  
In addition to clinical manifestations, fecal analyses and molecular techniques (Elmore et al., 
2010), several serological techniques have been the main methods employed for 
toxoplasmosis diagnosis (Camargo, 1964; Lappin et al., 1989; Dubey et al., 2004; Coelho et 
al., 2011b).  

In humans, behavioral changes (Zhu, 2009), encephalic lesions (Zajdenweber et al., 2005) 
and ocular (Alves et al., 2010)  may indicate presence of infection.   

22. Treatment 
Toxoplasmosis treatment includes sulfonamides, trimethoprim, pyrimethamine, ponazuril, 
clindamycin and their associations can be successfully employed (Mitchell et al., 2006; 
Dabritz et al., 2007). 

23. Agents 
Leishmania spp. 

24. Epidemiology 
The occurrence of leishmaniasis in domestic cats has been reported in a large number of 
countries (Mancianti, 2004; Maia et al., 2008; Silva et al., 2008). In our study, only the species 
Leishmania (L.) chagasi was found in the analyzed cats (Coelho et al., 2011c), which could be 
associated or not with other diseases (Coelho et al. 2010). Also in Brazil, Savani et al. (2004) 
and Silva et al. (2008) found Leishmania (L.) infantum. The latter has been equally described in 
cats in France (Ozon et al., 1998), Italy (Pennisi et al.., 2004), Spain (Ayllon et al., 2008) and 
Iran (Hatan et al., 2010).   

 
Gastrointestinal Parasites in Domestic Cats 

 

423 

The cutaneous form of Leishmania (V.) braziliensis was described in two cats from Rio de 
Janeiro State, Brazil (Schubach et al., 2004), while Leishmania (L.) amazonensis was described 
in Mato Grosso do Sul State (Souza et al., 2005). Craig et al. (1986) detected the occurrence of 
L. mexicana in cats from Texas, USA. 

 Studies of animal epidemiology have evidenced several infection prevalence levels 
according to the employed method and the study site. In our study, the analyzed tissue 
samples were from 52 domestic cats with 5.76% positivity. Similarly, Rossi et al. (2007) 
detected 6.7% positivity for Leishmania spp. among 200 analyzed cats.   

Percentages superior to those obtained in our study were found in Portugal by Maia et al. 
(2008), who observed 30.4% (7/23) felines carrying leishmaniasis. In Greece, Diakou et al. 
(2009) verified that 3.87% (11/284) cats had anti-Leishmania antibodies. Similarly, in Spain, 
Solano-Galego et al. (2007) analyzed anti-Leishmania infantum antibodies from 445 cats and 
observed seroreactive prevalence in 6.29% of these animals. 

25. Physiopathogenesis 
After parasite replication, there is formation of perivascular congestion, mononuclear and 
neutrophil inflammatory infiltrate (Schubach et al., 2004) with secondary bacterial (Coelho 
et al. 2010) and fungal infections (Ozon et al., 1998) at the lesion sites. Lesions may be 
localized or systemic, affecting different organs, and may be associated with FIV/ FeLV; in 
these cases, the most severe form of the disease occur (Pennisi et al. 2002; 2004). 

26. Biology 
This heteroxenic protozoan has mammals as its definitive hosts and dipterans of the genera 
Lutzomyia and Phlebotomus as intermediate hosts and vectors (Fortes, 2004). As the dog is 
considered the main urban reservoir of this disease although there are frequent reports of 
this infection in cats, the role of felines in the biological cycle of this parasite is not well 
defined yet (Dantas-Torres et al. 2006). 

However, xenodiagnosis studies carried out by Maroli et al. (2007) proved that sand flies are 
capable of acquiring the infection from naturally infected cats. 

27. Clinical signs 
Skin lesions are more frequent among felines. Infected animals may show vegetative lesions, 
dermatitis and ulcers (Coelho et al. 2010a); healthy animals may also carry this parasite 
(Coelho et al., 2010b), and in some cases the disseminated form may occur (Ozon et al., 
1998).  

Weight loss, pale mucosae, dehydration, systemic lymphadenomegaly and hepatomegaly, 
and ocular lesions are the main manifestations (Pennisi et al. 2004). 

Laboratorial changes are irregular and may include pancytopenia (Marcos et al., 2009), 
hyperleukocytosis (Ozon et al., 1998), and discreet or no biochemical alteration (Souza et al., 
2009). 
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clindamycin and their associations can be successfully employed (Mitchell et al., 2006; 
Dabritz et al., 2007). 

23. Agents 
Leishmania spp. 

24. Epidemiology 
The occurrence of leishmaniasis in domestic cats has been reported in a large number of 
countries (Mancianti, 2004; Maia et al., 2008; Silva et al., 2008). In our study, only the species 
Leishmania (L.) chagasi was found in the analyzed cats (Coelho et al., 2011c), which could be 
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28. Diagnosis 
Diagnosis is based especially on serological (Mancianti , 2004), parasitological (Bresciani et 
al., 2010), molecular analyses (Coelho et al. 2010b), isolation in culture medium (Simões-
Matos et al., 2004), and clinical manifestations (Dantas-Torres et al., 2006). 

Clinical tests in places where the disease is endemic have shown that some infected animals 
remain seronegative (Ferrer et al., 1999). The serological titer shown by the animal is not 
related to the presence of symptoms and their intensity (Lima et al., 2003). On the  
other hand, PCR sensitivity and specificity are very high and this technique can detect the 
DNA of parasites in patients that remain clinically healthy for many years (Ferrer et al., 
1999).  

In a previous study, our research group suggested that antibody production in response to 
Leishmania spp. in felines is very low, which led to no serological reactions by means of IFA 
and ELISA (Serrano et al., 2008). 

29. Treatment 
Treatment may be based on allopurinol, meglumine antimoniate and ketoconazole (Pennisi 
et al., 2004). Rüfenacht et al. (2005) reported the use of griseofulvin, itraconazole, 
ketoconazole, selamectin, lufenuron, cephalexin and prednisolone for leishmaniasis 
treatment in cats.  

30. Final considerations  
The high occurrence of endoparasites observed among domestic and stray animals 
evidences the zoonotic potential of these helminth and protozoan diseases, suggesting 
greater concern about the therapeutic and prophylactic measures feasible to the feline 
population. 
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