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Preface

Diseases caused by parasitic helminths (helminthiasis) are infectious and they pose
serious health problems, especially in underdeveloped and developing countries of
the world. This is a reflection of poor socio-economic conditions, which impacts

on the social life of victims and the economic development of affected regions.
Helminthiasis is caused by helminths such as flukes, tapeworms, filarial worms,
pinworms, thread worms, and soil-transmitted nematodes. Infectious helminths
live in a large variety of habitats in humans and other vertebrate hosts.

Helminths are far more widespread than we think. Gastrointestinal helminths
(GIHs) are the largest group of helminths that affect man, which results in major
threats particularly in underdeveloped and developing countries where they are
incorrectly classified as ‘Neglected tropical diseases’ (NTDS). However, it is a myth
to assume that helminths do not exist in temperate countries. GIHs are usually soil-
transmitted helminths (STHs) or geohelminths, affecting one third of the world
population directly through fecal-oral routes.

The World Health Organization (WHO) reported that about 2.9 million people
are infected with gastrointestinal nematodes yearly. A more recent estimate
indicates 3.5 billion cases worldwide. About 125,000 deaths are estimated to occur
yearly mainly due to STHs. The prevalence of STHs has remained unchanged in
over 50 years with 39 million disability adjusted life years (DALYS) lost to these
parasites.

Globally, filariasis, which is vector-transmitted, is the second leading cause

of a permanent and long-term disabling and disfiguring disease in the world
causing chronic suffering but rarely mortality. According to WHO, in 2002, the
DALYS from filariasis was 6 million. In 2013, 1.3 billion people in 72 countries
were within areas of endemic filariasis and are continually threatened while an
estimated 120 million are already infected.

Control efforts in some communities in underdeveloped and developing
countries are impaired by poor sanitation, poverty, and ignorance leading to a
high rate of infections and eventually to grave public health challenges. This is
why such areas suffer serious consequences due to helminthiasis compared to
developed areas. Large scale control programs are essential in less developed
countries.

This book provides insights into antihelminthic resistance in livestock, STHs with
a focus on pregnant women and children, and what should be done to prevent and
control helminth infections for which proper and adequate diagnosis is crucial.

Large scale targeted chemotherapy that focuses on the distribution of safe and
effective drugs is an important component of helminthiasis control. This must be
complemented with sustainable environmental sanitation and health education

to produce a significant reduction in the transmission of helminth infections,
especially in the tropics. Hand washing is a major way to prevent parasitic helminth



contamination and transmission. This book has helped to close the information
gap on helminthiasis, which has otherwise been overlooked as a serious cause
of morbidity and mortality of man and animals.

Omolade Olayinka Okwa (Ph.d, CWF)

Associate Professor,

Department of Zoology and Environmental Biology,
Faculty of Science,

Lagos State University,

Nigeria
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Chapter1

Introductory Chapter: Helminthes
Diversity - Focus on Nematodes

Omolade Olayinka Okwa

1. Introduction

Parasitic helminthes are worms of great medical and veterinary importance.
They include the Nematodes (Roundworms) and the Platyhelminthes (Flatworms)
which consist of the Trematodes (Flukes) and Cestodes (Tapeworms). These inver-
tebrates are agents of debilitating, deforming and fatal diseases of humans and their
agricultural animals and so responsible for great morbidity and mortality. Domestic
and wild animals affected by a barrage of helminthes infections may also transmit
these infections to humans by zoonoses [1, 2].

Helminthes infections may be vectored, food or water borne. Infections due
to parasitic helminthes are no doubt widespread in tropical as well as temperate
regions with both regions having their own share of peculiar and distinctive infec-
tions. In fact, in Tropical Africa, helminthiasis is regarded as part of the “Neglected
tropical diseases™ [1].

The platyhelminthes (flatworms) are acoelomates that possess the beginning of
some advanced features of the animal kingdom such as cephalization, bilateral sym-
metry and triploblastic body organization. The trematodes or flukes are endopara-
sitic platyhelminthes with complex life cycles. The Digeneans are a peculiar group
of trematodes in having mollusca (snails) as their intermediate hosts in a life cycle
involving one or two hosts; for example: Schistosoma haematobium and Schistosoma
mansoni (blood flukes of man), Fasciola hepatica and Fasciola gigantica (sheep and
cattle liver flukes) and Paragonimus westermani (human lung fluke).

Cestodes differ in a number of ways from other flatworms. Their bodies are
elongated, ribbon-like and flattened, made up of many segments called proglot-
tids. Most cestodes require at least two hosts of which vertebrates are usually the
intermediate host [2]. All these features are adaptations to their exclusively parasitic
mode of existence; for example, Taenia solium and Taenia saginata (pork and beef
tapeworms of man), Echinococcus granulosus and Echinococcus multilocularis (dog
tapeworms) and Diphyllobothrium latum (broad fish tapeworm of man).

2. Nematodes (the roundworms)
2.1 The ubiquity of nematodes

Nematodes are cosmopolitan and ubiquitous. They are one of the most numer-
ous metazoans in the animal kingdom with broad ranges of environment having
successfully adapted to every ecosystem both aquatic and terrestrial. They are a
large group of bilaterally symmetrical, elongated, pseudocoelomate helminthes in
the animal kingdom. They are elongated, non-metamerically segmented, and cylin-
drical or round so referred to as the round worms. Nema from the word Nematode
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means thread because they are threadlike, vermiform and slender worms [1]. They
are the largest and the most successful pseudocoelomate phylum and very remark-
able organisms. It has been estimated that the total number of nematode species
might be approximately 1,000,000 in about 20 orders within two classes [3]. It is
believed that 90% of animals on the ocean floor and 80% of animals on earth may
be nematodes. It is believed that a handful of soil contains hundreds of nematodes
and that soil habitats may contain undescribed free-living nematodes [4].

2.2 Parasitic nematodes

Most nematodes are free-living but over 16,000 are parasitic and cause infec-
tions leading to great morbidity and mortality to humans, animals and plants [2].

For example, some nematodes are directly transmitted through the soil which
harbors their eggs and larvae stages and hence called the soil transmitted helmin-
thes. Such nematodes are Ascaris lumbricoides (common roundworm of man),
Trichuris trichiura (whipworm), Necator americanus and Ancylostoma duodenalis
(hookworms of man) and Strongyloides stercoralis (thread worm of man) [5, 6].

Some nematodes are indirectly transmitted as they require vectors usually
arthropods for them to be transmitted from one host to another as in the filarial
worms such as Loa loa (African eye worm), Onchocerca volvulus, Wuchereria ban-
crofti and Brugia species.

Some nematodes are parasitic in animals, for example, Ascaris suum (pig),
Ascaridia galli (chicken), Toxocara canis, Trichuris vulpis and Strongyloides canis
(dogs), Ancylostoma tubaeforme and A. brazilense (cat hookworms) [7].

2.3 Types of parasitic nematodes

Nematode parasites can reside in every tissue in their vertebrate host. Therefore,
they can be categorized according to their residence in their host [8, 9]:

* Intestinal nematodes: they are usually large nematodes transmitted directly
to the host and dwelling in the gastrointestinal tract, e.g., Ascaris lumbricoides,
Trichuris trichiuva, Hookworms, Strongyloides stevcoralis, and Enterobius vermicu-
laris. Polyparasitism of enteric nematodes has been documented [1].

¢ Soil-transmitted nematodes (geohelminths): these are nematodes whose eggs
embryonate in the soil and larvae stages also undergo ecdysis in the soil and are
transmitted directly to the host, e.g., Ascaris lumbricoides, Trichuris trichiura,
Necator americanus and Ancylostoma duodenale (hookworms).

* Filarial nematodes: these are thread like nematodes that have a pre-larval
stage call microfilaria and are transmitted indirectly via an insect vector to the
host which are usually mammals, e.g., Onchocerca volvulus, Loa loa, Wuchereria
bancrofti, Brugia malayi, Brugia timori and Dipetalonema streptocerca.

* Tissue dwelling nematodes: these are nematodes living in the tissues of the
host such as in the lymphatics, e.g., Wuchereria bancrofti, Brugia malayi and
Dracunculus medinensis (serous tissue).

* Subcutaneous nematodes: these consist of nematode dwelling in the sub-
cutaneous tissue of their host, e.g., Onchocerca volvulus, Loa loa, Mansonella
perstans.
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3. General transmission and reproduction patterns of nematodes

Nematodes have diverse modes of transmission strategies and great variation in
life cycles which are complex. Nematodes are gonochoristic with distinct separate
sexes. They have larger females than males, which possess copulatory spicules for
internal fertilization. They have tubular gonads and amoeboid sperm cells. Only
very few nematodes are monoecious [5, 6].

Some nematodes are parthenogenetic such as threadworms. Most are oviparous
such as Ascaris lumbricoides (common roundworm), Trichuris trichiura (whipworm)
and Enterobius vermicularis (pinworm). Ovoviviparous nematodes include thread-
worms and hookworms because they lay eggs with larvae. Viviparous nematodes
are Trichinella spivalis, filarial worms and Dracunculus medinensis (Guinea worm)
because they give rise directly to larvae [5-7].

Nematodes are long lived worms with highly resistant eggs and great fecundity
(large egg outputs) which is adaptive to juvenile survival. Their eggs exhibit remarkable
uniformity in size ranging from 50 to 90 pm long. However, the egg shells are highly
variable but basically have three to five layers and are highly resistant to environmental
conditions. Nematodes have life cycles with larval stages that resemble the adults. The
larval stages have four molts and one adult basically (egg-L;-L,-Ls-adult) [1, 2].

3.1 Adaptations of parasitic nematodes
These are features that make their parasitic existence a success and they include the:

* Body wall and pseudocoel: this protects the worm in the host environment
which is the small intestine. The epidermis is a syncytium consisting of a
single layer of cells, covered by a thick collagenous cuticle. The complex and
metabolically active cuticle often have two or three distinct layers. Underneath
the epidermis, lies a layer of longitudinal muscle cells. The pseudocoel acts as
hydrostatic skeleton [6, 7].

* Digestive system: the digestive systems are highly efficient for parasitic mode
of life. The oral cavity opens into a muscular sucking pharynx, also lined with
cuticle. They have complete digestive system, referring to the alimentary canal
which extends from the anterior mouth to the anus located near the tail. The
mouth has lips in some cases.

* Reproductive system: this is adaptive to the survival of the parasites. Sexes in
nematodes are separate and they have complex life cycles. They have prodigious
fecundity and eggs are often highly resistant to desiccation. The eggs are protected
by an outer shell, secreted by the uterus. The larval stages resemble the adults and
undergo 4 molts (first to third stage larvae). The third stage larva is usually infective
and can respond to a wide range of stimuli before it molts to adult in the host [1, 2].

4, Conclusion

Helminthiasis, no doubt consists of a group of diseases of important public health
and socio-economic significance so it is a paradox to be described as “Neglected tropical
diseases.” The cosmopolitan, ubiquitous and adaptive nature of nematodes and other
helminthes are far more than we often think. This gives reasons to suggest that helmin-
thiasis should not be underestimated as a serious cause of morbidity and mortality.
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Chapter2

Pregnancy, Children and
Inter-Relating Factors Affected
by Geohelminthiasis

Asher John Mohan, Neeraj Upmanyu and Silviya Sarah Lal

Abstract

A life-threatening parasitic infection arising in evolving countries, principally
prevalent in children below 5 years and pregnant women, has led to the grow-
ing interest for understanding the condition acknowledged as geohelminthiasis.
Decreased cell-mediated immunity (a necessity in fetal retention) leading to a
compromised immunological response is what makes pregnant women more prone
to the infection thereby increasing the risk of maternal anemia, preterm deliveries
and stillbirths based on reports. An outcome of geohelminthiasis on children is its
deteriorative effect on cognition. This chapter highlights the relationship between
the helminthic infection with respect to pregnant women and children addition-
ally focusing on other associated factors such as poverty, hygiene, etc. that further
contribute to the decline in quality of life in developing countries.

Keywords: geohelminthiasis, cell-mediated immunity, cognition, pregnancy,
parasitic infection

1. Introduction

The general term used to describe a worm is referred to as a “helminth.” These
invertebrates fall under two categories, namely flatworms or Platyhelminthes
(flukes and tapeworms) and roundworms or Nematoda [1, 2]. They either survive
in aquatic and terrestrial environments as parasites or free of a host. Out of the vari-
ous types, intestinal nematodes or soil-transmitted helminths (STH) also known as
“Geohelminths” are the most common worldwide. The World Health Organization
(WHO) claims that 1.5 billion people worldwide, constituting to 24% of the world’s
population, are infected by STH; with wide distributions in the Sub-Saharan Africa,
America, China and East Asia in tropical and subtropical regions [3].

The major infection of STH originates from the attack of Ascaris lumbricoides (com-
monly called the large intestinal roundworm or the common roundworm) and Trichuris
trichiura (whipworm) [4, 5]. Hookworm (Ancylostomatidae) affliction is also another
most common chronic infection found in humans that contribute to STH [6].

Children are the frequent victims to an STH attack as many of them are school
aged, living in areas of extensive disease transmission; requiring treatment interven-
tions and preventive measures [7]. Secondary victims of this infection are pregnant
women reported every year, among which 44 million are estimated to be affected
globally [8]. Improvements in potable water services, drainage, sanitary food control,
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living quarters, individual and community anti-vector action are a few conceptualiza-
tions that can be implemented for the eradication of this infectious outbreak [9].

The central focus of this chapter is to gain insight into as to how aspects of child-
hood and pregnancy are concomitant to geohelminthiasis, along with various other
inter-relating factors such as poverty, hygiene, etc.; that cause a drop in the quality
of life in developing countries.

2. Immune responses to STH

Preclinical data from animals suggest that th2 (T-helper) cells are triggered by
cytokine release along with immunoglobulin E (IgE) of the host immune system
aiding in the elimination of helminthic burdens [10, 11]. However, the innate and
adaptive immunity are often markedly found to remain suppressed. This indicates
that immune responses triggered due to a helminthic infection could result in host
protection responses against microbial pathogens to be antagonized [12, 13]. Recent
findings of the involvement of macrophages referred to as alternatively activated
macrophages can also be a contributing factor leading to an inflammatory response
when in contact with a helminth [14].

3. Children and geohelminthiasis

School children of countries affected by this epidemic, were found to exhibit the
greatest incidence and severity of the outbreak. No ill effects (with respect to mor-
bidity) were thought to be experienced by children with light infections. However,
recent evidences oppose this traditional notion with reports of slight or minimal
intensity outbreaks having significant decrement in the development and growth of
children [15]. Information regarding as to how various factors affect geohelminthia-
sis in children is discussed below.

3.1 Nutrition

Nutrition plays a key role as a target for the alleviation of helminthic infections.
Several surroundings of the developing world are impacted by malnutrition and
helminthic infection, both as their main or supplementary factors governing mor-
tality [16]. Impaired digestion, malabsorption, diminution in food consumption
and poor growth rates are often noted in children who endure this helminthic incur-
sion [17]. Recent studies also depict the fact that malnutrition is in direct proportion
to the intensity of the pathogen Ascaris [18]. Other factors governing infection scale
include the extent of nutritional deficiency and concurrent prominence of single or
multiple infections and single or multiple nutritional deficiencies [19]. Increased
loss of endogenic protein paired with the distress of energy and mineral metabolism
are the mechanisms by which an intestinal nematode reduces feed intake by the
host. Better nutrition can improve the rate of adult worm rejection via an approach
of diet consumption rich in metabolizable proteins [20].

The improvement of the nutritional status of school children would be an
essential remedy for disease alleviation [21, 22].

3.2 Environment

The environmental variables attributing to the risk of this parasitic outbreak cannot be
avoided as a correlation between this aspect and disease condition is of high prevalence.
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Recent studies of various schools reporting the presence of certain other influen-
tial environmental factors governing the infection such an inadequate water supply,
requirement of regular water/sanitation maintenance regimes and overcrowding in
classrooms can be taken into consideration for disease management [23].

3.3 Anti-helminthic treatment in children

Since the primary mode of therapy includes the use of anti-helminthics,
development of resistance due to their administration is a crucial factor governing
geohelminthiasis. The known variables that add value to an anti-helminthic resis-
tance are medication frequency, refuge or the percentage in the parasite population
not exposed to drugs and the possibility of underdosing [24].

Another causative factor in children leading to intestinal obstruction observed
was prior anti-helminthic treatment [25]. Although specific IgE antibodies are
believed to participate in the protection against helminthic infection, the polyclonal
stimulation of IgE caused by helminthic parasites could be the sole reason for
re-infection [26]. In a follow-up investigation concerning growth retarded children
where anti-helminthic therapy was discontinued after successful alleviation; the
extent of re-infection was found to dramatically increase which could pose diffi-
culty in the quality of life of the concerned [27].

3.4 Cognition

The negative influence of STH infections on cognitive processes, notably in
school children; has been deduced by researchers since 1900. Prolonged anemia and
toxemia were factors accountable for the substantial increase in the degree of cogni-
tive delay with respect to the level of infection. However, clarification remains to
be produced regarding the mechanism by which worms impact cognition. Certain
postulates comprise of malnutrition and fatigue in children troubled from the
infection as consequences of diminished cognition. Reports of medication reversing
this adverse effect are also at large and very much essential for effective control of
the disease [28-30].

4. Pregnancy and geohelminthiasis

Helminthic infections are suggested to be extremely damaging, with detrimental
effects on maternal anemia and birth outcomes in cases of pregnancy, with a total
global impact on pregnancies estimated to be 44 million [31, 32].

4.1 Probable mechanism of susceptibility to STH in pregnancy

A characteristic feature of pregnancy is the successful retention of the fetus
due to hormonal, dietary and immunological changes occurring during the period
[33]. This is a unique illustration of how the body adjusts to a destructive immune
response during pregnancy [34]. Therefore, studies have clearly defined the char-
acteristic of pregnancy as immune modulation and not its suppression. In other
words, an alteration to the immune system contributes to differential responses not
merely on the basis of microorganisms but on the basis of stage of pregnancy [35].

Although the periparturic immunosuppression involvement remains unclear,
one of the proposed mechanism depicts the avoidance of particular processes
of host immune defense by the parasitic helminth [36, 37]. The resemblance
between the immune reactions to helminths and pregnant females may be a sign
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that tolerance may be invoked by analogous mechanisms (i.e., type 2 responses).
Another suggestion has been that helminths may have undergone self-adaptation
in order to combat immune responses from the mother by utilizing the similarity in
mechanisms as used by a human fetus [38]. These could have been some among the
many reasons a pregnant mother’ susceptibility to helminthic attack is widespread.

The WHO reports that far more than half of the pregnant females in emerging
economies have concerns pertaining to iron deficiency anemia, which could be a
result of an elevated metabolic requisite for iron during childbirth coupled with
poor nutrition. This iron STH related deficiency has been concomitant to aug-
mented mortality rate, premature birth and low birth weights during the period of
pregnancy [39, 40].

4.2 Co-infection

Considering pregnancy, the susceptibility to co-infections cannot be ignored
due to immunological modulations associated with the stage. Data indicating the
exhibition of higher prevalence of Trichuris trichiura, followed by an Ascaris lumbri-
coides infection were found in cases of pregnancy; where attacks of a single infec-
tion was found to be at a higher percent than that of co-infections [41]. Considering
co-infections associated with pregnancy related STH, it was found that the malarial
parasite Plasmodium falciparum co-existed with hookworms, when compared to
roundworms and whipworms [42, 43].

4.3 Geophagy (soil eating)

Another causal component for STH diseases is geophagy that is practiced among
some African females. While the exact reason remains a mystery, some beliefs
such as curing heartburn and alleviating morning sickness are still at large [44].
Adequate data indicates that geophagy can be associated with enhanced anemic
peril and reduced hemoglobin amounts [45]. Geophagy in lactating mothers
resulted in reinfection and hence was advised for immediate interventions to tackle
disease transmission [46].

4.4 Maternal anemia

The greater the severity of hookworm infestations, the greater was the percent-
age of blood loss or anemia observed in pregnant women from an endemic area
survey [47]. During pregnancy, the hookworm, in particular, was considered to be
the source of mild associative anemia while the other STH’s were involved in mild
deficiencies of iron [48, 49]. A current connection between co-infection and ane-
mia, as reported in the latest studies indicate that the latter is not a sole companion
of helminthic attack alone [50].

Since there is an additional relationship between anemia and birth outcomes
(increased risk of preterm birth or low birth weight), a helminthic outbreak could
also be affiliated to the second during pregnancy [51]. All the above findings
indicate that the association of anemia due to STH can be debilitating in case of
pregnant women.

4.5 Birth outcomes
The reason for the problem of low birth weight was the exposition to an attack

of hookworm resulting in intrauterine growth retardation especially in cases of HIV
infected subjects [52]. A lower prevalence of low birth weight was the end result of
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periodic anti-helminthics and the weekly iron folic acid supplements before preg-
nancy [53]. Another birth outcome experienced was the premature birth. Similar to
the case of maternal anemia, the co-existence of other infections with STH brought
about a greater negative birth outcomes.

5. Present beneficial hypotheses

Although helminthic infections are difficult for kids and for pregnant females,
the asymptomatic stage in an helminthic infection was found act as a guard keeper
against immunological syndromes [54]. An unusual, inflammatory bowel disease
(characterized by chronic gastrointestinal inflammation) hygiene hypothesis
suggests a lack of exposure to intestinal helminths as an important environmental
factor contributing to the development of such illnesses [55, 56].

The possibility of predisposition to Crohn’s disease (an inflammatory idiopathic
bowel disease, most often involving the ileum, colon and in certain cases; the
esophagus) due to lack of exposure to helminthic parasites as per data of a certain
study [57, 58]. A similar small cross-sectional study showed the prevalence of
STH to have beneficial effects in patients with type 2 diabetes (insulin resistant).
However, this may seem to be damaging in areas where helminthic treatment
options are a must to curb disease morbidity [59].

6. Other inter-relating factors

All the above discussed variables associated with children and pregnant women
are also dependent on conditions of on geographical circumstances, poverty and
bad hygiene. The STH assault is restricted to rural regions of tropics, especially
in coastal regions; where temperature, humidity and soil type are appropriate for
development and growth. Exposure to larval eggs in farming areas where individu-
als expose their skin to the hot and humid soil is what aids in disease transmission.
Sandy soils provide better growth conditions for these worms when compared to
clayey soils. An important adverse link between socioeconomic status and incidence
or severity of helminthic disease can also attribute towards the spread of STH. It
was found that the prevalence of disease was less in cases of higher income groups.
Bad sanitation or hygiene due to the lack of income is also an associated factor lead-
ing to an attack of STH [60-63].

7. Conclusion

Geohelminthiasis or soil-transmitted helminthiasis is recognized as a life-
threatening parasitic outbreak in developing nations, predominantly in kids under
5 years of age and pregnant females and has resulted to increased concern. Reports
of nutrition, environment, resistance to treatment and cognition were the associa-
tive parameters found in children, whereas in the condition of pregnancy existence
of co-infections, geophagy, maternal anemia and birth outcomes were found to
be the inter-relating variables to STH. The avoidance of particular processes of
host immune defense and self-adaptation to combat immune responses from the
mother by utilizing the similarity in mechanisms as used by a human fetus were the
proposed mechanisms by which pregnant women are more prone to the attack. All
the associative parameters discussed above were found to increase disease burden.
Tackling these factors is therefore a must for achieving an improved quality of life.
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Although recent or upcoming beneficial hypotheses could play an important role in
the eradication of associative diseases, the same benefit could have least highlight-
ing phenomena when poverty is involved. Improvements in hygiene and improved
access to anti-helminthic drugs are some of the factors that could establish a better
alleviating status for the disease attack. Further researches/studies and proper
awareness among groups where the disease is endemic is however still a requisite for
both devising and strategizing to fight against the disease.
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Chapter 3
Soil-Transmitted Helminths

Richard R. Roach

Abstract

Helminths currently affect over 2 billion people worldwide with a quarter of the
world’s population infected at some time in their lives. Sobering statistics from the
WHO March 2008 report that 80% of the “Bottom Billion” impoverished popula-
tion of the world have Ascaris, 60% have Trichuris, and 57% have hookworms. This
would only be a problem of pharmacologic distribution if not for an additional
report demonstrating that several new studies reported to the WHO claim a 50%
failure rate clearing Trichuris and 90% failure rate clearing hookworm. These
parasitic infections pose a challenge to tropical physicians who have considered
mebendazole and albendazole as adequate treatments for children. This is even
more of a challenge for physicians in temperate climates who may be less familiar
with these medications. This article presents the recent data and the approach to
treatment failure and new therapeutic approaches.

Keywords: helminths, Ascaris, Trichuris, hookworm

1. Introduction

Intestinal parasites cause substantial morbidity and mortality, particularly in
children in whom they have detrimental effects on growth and cognitive perfor-
mance. Parasitic infestation leads to deformity and long-term disabilities and often
stigmatizes the child. Parasitized pregnant women are anemic, have increased fetal
wastage, and have low birth weight newborns. Though tropical diseases affect a
large proportion of the world’s population, less than 1% of new drug development
over the past 30 years focused on tropical diseases. Recent philanthropic interest has
resulted in research, long tardy, for these diseases.

2. Epidemiology

There are three soil-transmitted helminth infections, Ascaris lumbricoides,
hookworm (Ancylostoma duodenale and Necator americanus), and Trichuris trichi-
ura, labeled by the WHO as the “Unholy Trinity.” They are ubiquitous in tropical
climates and even temperate rural areas in poverty-stricken communities with poor
sanitation (see Table 1). Ascaris and Trichuris increase in prevalence from infancy
to puberty and then decrease in adulthood. In contrast, hookworm, the leading
cause of anemia throughout the world, continues to increase through life, not
reaching a plateau until age 40. This characteristic has a profound effect on women
of childbearing age and is associated with small-for-gestation newborns as well as
increasing fetal loss.
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Disease Global Population at Estimated global Vulnerable population
prevalence risk (billions) disease burden
(millions) [1] (disability-adjusted life
years in millions)
Ascariasis 807 4.2 1.8-10.5 School-age children
Trichuriasis 604 32 1.8-6.4 School-age children
Hookworm 576 32 1.5-221 School-age children, women

of reproductive age

Table 1.
Impact of soil-transmitted helminths [2].

3. Management

The WHO has classified parasitic infestation by egg intensity to clarify symp-
tomatic and asymptomatic infestations (see Table 2). Children with light worm
loads are often asymptomatic, but children form the greatest population of the
heavy intensity group. Even children considered asymptomatic may have subtle
differences in learning and intellectual achievement [1].

The clinical presentation relates to parasite migration in the skin, viscera, and
gastrointestinal tract. Trichuris and Ascaris are a result of fecal-oral ingestion.
Wheezing, dyspnea, nonproductive cough, fever, bloody sputum, chest x-ray
infiltrates, and systemic eosinophilia result during pulmonary vascular migration.
Once swallowed the larvae mature, and their migration in the gut causes abdominal
pain, distention, and malabsorption.

If adult Ascaris migrate into the biliary tree, then pancreatitis, cholangitis, and
cholecystitis result. Hepatic abscesses and appendicitis may result from Ascaris
migration. In younger children, heavy loads of worms can cause partial or complete
bowel obstruction in the ileum. Swelling of Peyer’s patches leads to an increased risk
of intussusception and volvulus. Unrecognized obstruction may eventually cause
bowel infarction and perforation with resulting peritonitis.

Trichuris may infect any part of the colon, but the parasite prefers the cecum.
Eggs release the larvae in the small intestine, and the worms mature in the colon
where they tunnel into the mucosa, causing inflammation. Heavy infestation causes
a dysentery syndrome severe enough that it may result in rectal prolapse. Impaired
growth and anemia are the consequences of chronic infestation.

Hookworm infects through skin penetration. Itching erythematous rash from
multiple skin penetrations causes severe pruritus of the skin, usually on the feet
or hands. The larvae use the pulmonary vasculature to access the bronchial secre-
tions and then, when swallowed, mature into adults in the gastrointestinal tract.
Bronchial migration presents as clinical pneumonitis but may be mistaken for
asthma. Pulmonary symptoms are seldom as dramatic as with Ascaris. The signifi-
cant sequelae of infection relate to intestinal blood loss. As few as 40 worms can
reduce the hemoglobin below 11 g/dl. Heavy infestations lead to loss of protein with
resulting loss of plasma osmotic pressure and anasarca.

Helminth infestations cause anemia and malnutrition, growth stunting, and
cognitive deficits, associated with poor school attendance and performance. Since
this occurs in an impoverished area where the diet has limited resource to protein,
the consequences of the poor child’s limited diet magnifies the malnutrition. If
this occurs in a malaria area, the anemia caused by helminths exaggerates the
anemia of malaria.
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Intensity Ascaris Hookworms Trichuris
Light 1-4999 epg 1-1999 epg 1-999 epg
Moderate 5000-49,999 epg 2000-3999 epg 1000-9999 epg
Heavy >50,000 epg >4000 epg >10,000 epg

Epg: eggs per gram of feces.

Table 2.
Soil-transmitted helminth infection intensity [3].

This is especially crucial for women of childbearing age, since infected women
were 2.6 times more likely to have preterm deliveries and 3.5 times more likely to
have small-for-gestational age infants. If the woman lives in a malaria-endemic
area, the risks of malaria increase the infant mortality.

4, Treatment

There are four medications currently available to treat soil-transmitted helminth
infections (see Table 3). Benzimidazoles impede the microtubular system, in
particular f-tubulin, in the worm. Since this is not a host system, patients tolerate
these drugs with minimal side effects. Very few patients report nausea, vomiting,
and headache, but allergic reactions with fever are rare. Levamisole and pyrantel
pamoate are nicotinic acetylcholine receptor agonists, which paralyze the worms
and precipitate their expulsion. Gastrointestinal symptoms, headache, dizziness,
fever, and rash are usually mild and self-limited. However, a bulk of paralyzed
worms increases the risk of a bowel obstruction.

The most important aspect of treatment is efficacy. Cure rates and egg reduction
rates are high for all four drugs when treating Ascaris (see Table 4). Nevertheless,
recent studies have documented ineffective and inconsistent treatment of Trichuris
and hookworm, whether Ancylostoma duodenale or Necator americanus. The concern
is drug resistance, despite lack of previous investigation. Researchers presumed
that the drugs were effective in the past because they were effective with the other

Infection Drug Dose
Ascariasis Albendazole* 400 mg once
Mebendazole 100 mg twice daily x 3 days or 500 mg once
Pyrantel pamoate 11 mg/kg (max1g) x 3 days
Levamisole 2.5 mg/kg once
Hookworm Albendazole* 400 mg once
Mebendazole 100 mg twice daily x 3 days
Pyrantel pamoate 11 mg/kg (max1g) x 3 days
Levamisole 2.5 mg/kg once, repeat after 7 days for heavy infection
Trichuris Mebendazole 100 mg twice daily x 3 days or 500 mg once
Albendazole* 400 mg x 3 days

*In children 1-2 years old, use 200 mg.

Table 3.
Treatment of soil-transmitted helminth infections [6].
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Cure Egg reduc-

Parasite Drug Dose rate (%) tion rate (%)
A. lumbricoides Albendazole 400 mg once 88" 87-100"
Mebendazole 500 mg once 95%"  96-100"
100 mg twice a 92 91-100°
day for 3 days
Pyrantel 10 mg/kg once 88"t 88"
pamoate 10 mg/kg for 3 days 92 99"
Levamisole 2.5 mg/kg once a2 92-100¢
Hookworm  Albendazole 400 mg once 720 &4-100°
Mebendazole 500 mg once 15" 0-98"
100 mg bwice a 80 41-100¢
day for 3 days
Pyrantel 10 mg/kg once 3100 56-75"
pamoate 10 mg/kg for 3 days 68"  77-99°
Levamisole 2.5 mg/kg once 3w 68-100"
T. trichiura ~ Albendazole 400 mg once 28" 0-90°
Albendazole 400 mg for 3days 53 81-100"
Mebendazole 500 mg once 36" 8193
100 mg twice a 63/ 38-99¢
day for 3 days 80"
Pyrantel 10 mg /kg once 31" 52
pamaoate 10 mg/kg for 3 days 277 7
Levamisole 2.5 mg/kg once 107 42
S.stercoralis  Ivermectin 200 pg/kg once 88’ N/A
Ivermectin 200 ug/kg for 2days 9%/ N/A
Albendazole 400 mg once 69" N/A
Albendazole 400 mg twice daily 62k N/A
for 3 days

MNIA, not applicable,

* Data deived from recent systematic review and meta-analysis (Keiser and Utzinger, 2008).

* Data from randomised controlled trials,

£ Owerall cure rate and egg reduction rates based on 29 trials.

* Owerall cuse rate and egg reduction rates based on three trials (Botero and Castano, 1973; Kale ot al,, 1982;
Seah, 1973).

T Owerall cure rate and egg reduction rates based on 27 trials,

I Owerall cure rate and egg reduction rates based on five trials (Adams et al, 2004; Marti et al., 199%;
Okelo, 1984; Sirivichayakul et al, 2000; Zhang et al., 1990).

£ Owerall cure rate and egy reduction rates based on 33 trials.

* Combined pooled relative risk of four randomised controlled trials (Davison, 1979; Sargent et al., 1975;
Vandepitte et al, 1973; Wesche and Barnish, 1994).

! Owerall cure rvte based on six trals (Datry et al, 1994; Gann et al, 19949; Igual-Adell ot al., 2004;
Marti et al.,, 199%; Shikiva ot al, 1991b, 1992},

! Owverall cure rate based on three trhals (Gann et al, 1994; Igual-Adell et al, 2004; Ordonez and Angule, 2004).

& o on Hteratume nevdew by Horbon (2000)

Table 4.

Efficacy of single- and multiple-dose anthelminthic drugs against common soil-transmitted helminth infections [4].

helminths. Recent studies by veterinarians tested efficacy in mass drug admin-
istration to animals in endemic areas. Such studies presumed human efficacy.
Subsequent studies done in adults excluded children and pregnant women, the most

at-risk populations.

Currently, research established benzimidazoles as safe for children greater
than 1 year of age. Teratogenic potential seen in animal studies requires careful
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assessment of benefit/risk ratio. The WHO does recommend treatment of hook-
worm in pregnancy due to the adverse effect of anemia which is greater than the
risk of the medication [2]. Limited studies show no congenital anomalies or perina-
tal mortality with the use of albendazole, mebendazole, or ivermectin, although use
in the first trimester is still discouraged. Studies have yet to focus on levamisole and
pyrantel in pregnancy [2].

5. Prevention

Because of the large burden of disease, prevention needs to be the foremost consid-
eration in improving community health. Sanitation, access to a clean source of water,
and careful food preparation limit fecal-oral contamination. Careful disposal of feces
decreases exposure to helminthic eggs, and footwear limits hookworm exposure.

The other approach has been to limit morbidity through periodic treatment. The
school system has been the logical institution for community treatment. Many stud-
ies have employed deworming schoolchildren on an annual basis, while others have
focused on women of reproductive age. One recent study focused on community
versus schoolchildren treatment justified a strategy that involves the entire com-
munity [3]. Community treatment in several studies documents the requirement to
reach at least 75% of the at-risk population. Governments willing to institute such
programs recognize the cost of $0.02 USD. Several pharmaceutical companies made
the drugs affordable. One example, a study done in Zanzibar, examined the co-
administration of ivermectin, albendazole, and praziquantel in 5055 children and
adults. This mass drug administration benefitted the entire community.

6. Future research and treatment

Considering the high prevalence of soil-transmitted helminths and the estab-
lished resistance, there is a need for other treatment options. This has provoked
enthusiasm for vaccines and drugs with novel mechanisms of action. Unfortunately,
there has been little financial incentive for developing human vaccines and novel
drugs for poverty-stricken areas, but veterinary medicine has the financial incentive
of herd treatment.

The nicotinic acetylcholine receptor is unique to helminths and nematodes,
although it appears to be a malaria parasite receptor as well. Since this receptor does
not exist in humans, a medication to block this receptor should be effective and well
tolerated. A vaccine with an antibody against this receptor seems a logical potential
step for research. Tribendimidine is an L-type nicotinic acetylcholine receptor
agonist. It is very effective in animals. Clinical trial in humans resulted in approval
in China in 2004. Despite the difference in chemical structure and the hypothesized
receptor agonist effect, it proved to have the same mechanism of action as benz-
imidazoles and showed no advantage in humans.

Monepantel is a nicotinic acetylcholine receptor agonist. It is highly effective and
licensed for sheep. Researchers initiated studies in humans. It does appear to have
a unique mechanism of action since in animals it has been effective in multidrug
resistant nematode infections it may also be effective in humans with resistant
infestations.

Developing a vaccine requires an antigen. Developers have struggled with which
antigen to use that will allow a sufficient and effective antigenic response. Vaccines
developed for soil-transmitted helminths are effective in newborn animals. A
vaccine to the hookworm antigen, Na-ASP-2, is effective in dogs [4]. Vaccinated
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while still puppies, they were resistant to hookworm infection. This success led

to a limited phase 1 trial in Brazil. Unfortunately, 30% of the patients developed
urticaria, and one patient developed anaphylaxis. These reactions stopped the trial.
Speculation as to the cause of this intense reaction led to the hypothesis that the
study patients had antibodies to the antigen because of previous exposure from
residing in an endemic area. Like the puppies, the requirement must to vaccinate
human subjects prior to antigenic exposure [5].

7. Conclusions

Helminth infections are a common problem. Presumed effectiveness of drugs
is a deficient hypothesis. The available medications are not as effective as once
thought. The trials of mass treatment of schoolchildren do not exterminate the
source of infection or resolve the community exposure. New medication research is
essential, especially for Trichuris. Novel treatments such as vaccines may be on the
horizon, but safety concerns for humans with previous exposure is an important
immunologic problem. Sanitation is still the most important community solution.
The recent disaster in Port-au-Prince, Haiti, demonstrated that without sewer
systems and potable water, we humans are indeed a vulnerable species.
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Chapter 4
Filariasis

Sharba Kausar

Abstract

Filariasis is one of the most debilitating tropical neglected diseases with high
morbidity rate and less rate of mortality with various clinical symptoms. According
to the World Health Organization (WHO) reports, about 120 million people from
81 countries are infected at present, and an estimated 1.34 billion people live in
areas endemic to filariasis and are at risk of infection. Currently available drugs are
only effective against the larval stage of the worms with side effects, and their
repetitive use gives rise to drug resistance. Till date, no effective vaccine is available
for the treatment of filariasis; to fulfill this need, new drug development becomes
the priority for the researchers. This chapter reviews different synthetic and natural
origin drugs, drug targets, and use of bioinformatics to discover new antifilarial
agents which can control this debilitating disease, including the types of filariasis,
their prevalence, and eradication programs which are discussed.

Keywords: filariasis, drug targets, antifilarials, bioinformatics

1. Introduction

A variety of parasitic diseases which are associated with morbidity and mortality
have received less attention worldwide. Among these, filariasis is one of the most
debilitating neglected tropical diseases. Filariasis is a vector-borne disease transmit-
ted by arthropod vector which is endemic in the tropics and subtropics that results
in social stigma. It is a group of human and animal infectious diseases caused by
nematode parasites generally called “filariae” that include several hundred species
of worms that are slender and elongated and are parasitic in tissues of various
vertebrate hosts. This parasite known to cause human infections belongs mainly to
the genera Wuchereria, Brugia, Onchocerca, Dipetalonema, Mansonella, and Loa.
They reside either in lymphatics or muscles, connective tissues, body cavities, etc.
of vertebrate hosts. They may be classified into three main groups based on the
habitat of the adult worm, i.e., the cutaneous group, the lymphatic group, and the
body cavity group. Based on the habitat of the adult worm, a few of the filarial
species infecting man and the disease caused by them with their intermediate hosts
are listed in Table 1. The infection is transmitted by intermediate hosts which are
always blood-sucking arthropods of the order Diptera. Only two genera, Wuchereria
and Brugia, are mainly responsible for human lymphatic filariasis. The common
animal parasites are Setaria digitata and S. cervi (bovine), Dirofilaria immitis (dog),
D. uniformis (rabbit), Litomosoides carinii and Dipetalonema vitae (gerbils), Brugia
pahangi (cat), and Acanthocheilonema viteae (jird).

According to recent surveys, about 120 million people in 81 countries of the
world are infected from this disease, and 1.34 billion people who live in endemic
areas are at high risk of this life-threatening infection [1]. To eradicate filariasis
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Filarial worm Habitat Intermediate host Disease
Wuchereria Lympbhatics Mosquito sp. Elephantiasis
bancrofti
Brugia malayi Lymphatics Mosquito sp. Malayan

filariasis
B. timori Lymphatics Mosquito sp. Timor fever
Loa loa Connective tissue  Chrysopsis sp. (C. dimidiata)—Horse Loaiasis

flies
Mansonella ozzardi  Serous Culicoides sp. (C. furens)—biting midges Ozzard’s filaria
membranes
Onchocerca volvulus ~ Skin Simulium sp. (S. damnosum)—black flies Onchocerciasis
Table 1.

List of filavial worms with their habitats and intermediate host infecting humans.

globally, research plans are needed to design effective drugs and drug targets, new
vector control strategies, and diagnostic techniques. At the same time, the treat-
ment of filariasis also requires disease-specific clinical care and patient education
with counseling to eradicate this disease. Moreover, statistical analysis along with
bioinformatics tools of the mass drug administration (MDA) surveillance reports
should be carried out which could provide new opportunities to get an insight into
the proteins or genome which may contribute to its inhibition process.

In current surveillance report, five World Health Organization (WHO) regions
are endemic with lymphatic filariasis (LF). Worldwide, 1.39 billion people require
preventive chemotherapy. In Southeast Asia region, 877 million people of 9 coun-
tries and 432 million people of 39 countries in the Africa region are brutally affected
from this disease and require proper treatment. From the Western Pacific Region
which includes the Mekong Plus region and the Pacific region, nearly 40 million
people are at a risk of lymphatic filariasis. Cambodia, China, Cook Islands, Niue,
the Marshall Islands, Palau, the Republic of Korea, Tonga, Vanuatu, Viet Nam,
and Wallis and Futuna are the countries of this region that successfully eradicated
this disease, whereas American Samoa, Brunei Darussalam, Fiji, French Polynesia,
Kiribati, Lao People’s Democratic Republic, Malaysia, Federated States of
Micronesia, New Caledonia, Papua New Guinea, Philippines, Samoa and Tuvalu
are the 13 countries where lymphatic filariasis remains endemic [1, 2].

2. History of filariasis

In India first, ancient documented evidence of filariasis was reported in Sushruta
Sambhita (approximately 600 BC) by the famous physician Sushruta. According to
some records, the first reliable documentation of filariasis was reported in the late
fifteenth and early sixteenth centuries. In 1849 William Prout explained the patho-
logical condition of chyluria in which the passage of lymph occurs in urine, a
condition associated with lymphatic filariasis. The French surgeon Jean Nicolas in
1863 was the first person who observed the microfilariae in the hydrocele fluid.
For the first time, in 1872 Timothy Lewis observed the microfilariae in the human
blood in India. In 1876, Joseph Bancroft recovered female filarial worms and named
them Filaria bancrofti, which later merged in the genus Wuchereria. In 1877, Sir
Patrick Manson discovered the main cause of transmission of filariasis, by studying
the parasitic development of microfilariae in the mosquito stomach that was fed on
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the blood of an infected gardener and thus reported that filariasis is transmitted by
the mosquito. In 1960 and 1977, two other filarial worm species were identified and
named as Brugia malayi and B. timori, respectively.

3. Filariasis: an overview

Among all the filariasis, lymphatic filariasis is the most debilitating which causes
disability in humans. Wuchereria bancrofti and Brugia malayi or B. timori are the
main cause of lymphatic filariasis, each of which is transmitted by the bite of a
specific insect vector. The various vectors that cause LF belong to the genera
Anopheles, Culex, Aedes, and Mansonia. According to the WHO, increase in the
microfilarial density in the infected individuals and the feeding rate of vector
population are the causes of high transmission rates of filariasis in a particular area.
Onchocerca volvulus and Loa loa are the two other filarial worms that reside in the
cutaneous and subcutaneous tissues of the host and cause onchocerciasis and
loaiasis, respectively. Wuchereria bancrofti and O. volvulus are the two filarial worms
which do not require an animal host as reservoir.

Data collected from the survey depicted the picture of depressive illness of an
individual caused by LF and estimated 5.09 million disability-adjusted life years
(DALYs) [3-5]. In infants microfilaremia starts at the age of 5 after acquiring
infection, but the actual signs of filariasis (including hydroceles) appear during
puberty. Previous survey reports indicated that once the individual acquired infec-
tion chances of cure becomes very low [6].

Filarial worms inhabiting the lymphatic system live up to 8 years and release
millions of microfilariae into the bloodstream. The WHO started the Global Alliance
to Eliminate Lymphatic Filariasis (GPELF) in 2000 with the goal of eradicating this
disease by 2020 through the use of MDA [7]. In the history of public health, GPELF
is the most successfully expanding global health program. Fifty-three out of the 81
endemic countries have started mass drug administration to halt the transmission of
filariasis. Two strategies have been developed to achieve the target of eliminating
filariasis. According to the first strategy, single annual doses of diethylcarbamazine
or ivermectin plus albendazole will be provided to the entire endemic area to
prevent the disease. The second strategy is to reduce disability rate by providing
knowledge about how to maintain hygiene and skin care, to those with lymphedema
and performing surgery in patients with hydrocele. The investment for chemother-
apy to control this disease is approximately US$ 105-208 million per year during
2015-2020. The WHO determined two objectives, which include “70% of endemic
countries demanding MDA will have to enter post-intervention surveillance by
2016” and “all other endemic countries have to complete the post-intervention
surveillance by 2020” [8, 9]. The abovementioned antifilarial drugs are only effec-
tive against the microfilariae and have no effect on the adult worms which therefore
provide a partial treatment to the infected individuals. Repetitive use of these drugs
resulted in drug resistance. Till date no vaccines are developed, and treatment
depends only on the antifilarial. Researchers are developing various new antifilarials
and combination therapies to overcome this disease [10].

4. General life cycle of filarial worm
Man is the definitive host of filarial worm, in whose lymphatic system, the adult

worms reside. Adult females discharge the live embryo called microfilariae (290 p).
Microfilariae flow in the peripheral blood and can survive for a considerable time
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Figure 1.
Life cycle of filarial worm Setaria cervi given by Prof. Wajihullah and Dr. Sharba Kausar.

without undergoing metamorphosis until they are taken up by the intermediate
host, i.e., the culicine mosquitoes during their blood meal. After reaching in the
mosquitoes, microfilariae undergo development and become infective-stage larvae
as described in Figure 1.

5. Diagnosis of lymphatic filariasis

LF is primarily diagnosed using the immunochromatographic card test kit via
antigen detection methods (which also detects latent infections). The traditional
diagnosis of LF is performed by microscopy to detect circulating microfilariae.
Molecular xenomonitoring of parasites in mosquitoes, serological testing, ultraso-
nography, PCR tests, lymphoscintigraphy, detection of exposure to transmission in
children via antibody detection, and the recently introduced filariasis test strip
(FTS) are some of the other diagnostic approaches that are currently used.

6. Biological point for designing new drug

A clear knowledge of parasite physiology is very important to identify drug
targets for understanding the mode of action of antifilarial drug. Sometimes com-
pounds are also tested, without prior knowledge of the target. Compounds which
are effective against the whole parasite are defined as hits, while compounds that
are found to be active in vivo are considered as leads. Lead compounds require
standardization for increasing their efficacy. Once a compound is optimized, it can
be tested clinically in patients and defined as a “drug candidate.” Based on the
physiological processes and symptoms, a drug should be formulated and designed
to combat the disease. To overcome filariasis a number of drug targets should be
covered for developing new antifilarial, viz., macrofilaricidal and microfilaricidal
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drugs, drugs preventing exsheathment in microfilariae and drugs that can cause
hindrance in the movement of microfilariae. Different biochemical pathways are
summarized in Table 2 which are used in designing new drugs. On the other hand,

Wolbachia bacteria

Wolbachia are proteobacteria ~ Contribute to the nucleotide ~ Tetracycline was resulted in the

61 potential drug targets pool of nematodes depletion of these Wolbachia resulting
(outer membrane proteins, in the upregulation of phosphate
ribosomal proteins, DNA permease gene, required for
polymerases, mutases, ligases, nucleotide synthesis Another study
isomerases, cell division with doxycycline showed that
proteins, transferases, Wolbachia depletion was associated
synthetases, reductases, etc.) with a reduction in the levels of

and four potential vaccine vascular endothelial growth factors
extracellular targets such as (VEGFs) that are essential for
putative peptidoglycan lipid II lymphangiogenesis (18)

flippase, deoxycytidine
triphosphate deaminase, GTP
cyclohydrolase II, and RNA

pyrophosphohydrolase

Wolbachia cell division Bacteria-specific filamenting  E. coli FtsZ inhibitor berberine, a

protein FtsZ a GTPase temperature-sensitive protein natural alkaloid, was examined by
(important in bacterial researchers against GTPase activity of
cytokinesis) that was FtsZ in B. malayi, and it was observed
expressed in all that at 10-40 mM concentration,
developmental stages of B. berberine had adversely affected
malayi production of microfilariae as well as

motility of adult females of B. malayi

N-Myristoyltransferase

Myristoyltransferase (NMT)  The addition of myristic acid, A known NMT enzyme inhibitor in
a 14-carbon unsaturated fatty tripanosomatids, DDD85646, and its
acid, to the N-terminus of analog DDD100870, were tested
glycine in a subset of proteins against B. malayi NMT proteins and
via myristoyl-CoA:protein N- provided IC50 values of 10 nM and
myristoyltransferase (NMT) 2.5 nM, respectively
promotes their binding to cell
membrane

Proteins and amino acids

Free amino acids are required for
intracellular osmoregulation and
protein synthesis

S-adenosylmethionine Are required for the conversion

methyltransferase, methionine of methionine to homocysteine in

adenosyltransferase, and the methionine

S-adenosylhomocysteine

hydrolase

Enzyme prolyl-4-hydroxylase  Play a vital role in the

has been reported to biosynthesis of this collagen

Transaminoglutamase Play a significant role in the A pseudosubstrate,
growth, development, and monodansylcadaverine (MDC),
maturation of the nematode and active site inhibitors

cystamine or iodoacetamide were
found to inhibit L3-stage parasite
mobility in a dose-dependent
manner that was associated with
irreversible biochemical lesions,
resulting in the death of the
parasite
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Proteins and amino acids

Retinoic acid-binding proteins

(RABPs)

Parasitic nematodes require
lipophilic retinol for various
biological processes, such as
embryogenesis, differentiation,
and growth

For inter- as well as intracellular
movement

Ivermectin(II) was found to
compete efficiently with retinol
for the retinol-binding sites on
RBP of the parasite but not for
the host RBP sites

Biogenic amines and polyamines

Norepinephrine (NE),
histamine, 5-
hydroxytryptamine (5-HT),
and dopamine

Biogenic amines play a role in
neuromuscular activity and
behavioral coordination in
nematodes

Monoamine oxidase (i.e.,
MADO), acetylcholinesterase,
and dopamine-b-hydroxylase

Dopamine-b-hydroxylase

Octopamine

DEC, levamisole, and
centperazine were found to
inactivate these enzymes

Putrescine, spermine, and
spermidine

Are required for growth,
differentiation, and
macromolecular synthesis in all
living organisms as constituents
of the polyamine salvage
pathway

S-adenosylmethionine
decarboxylase (SAMDC)

Which is required for polyamine
biosynthesis

Berenil and aromatic
methylglyoxal bis
(guanylhydrazone) analogs are
inhibitors of an important
regulatory enzyme

Carbohydrate metabolism

Fructose 1,6-diphosphate
aldolase

Its immunogenic component in
filarial worms is distinguishable
from that of mammals, thus
identifying it as possible vaccine
target238

Phosphoenolpyruvate Inhibited by DEC

carboxykinase

Fumarate reductase Inhibited by DEC and
benzimidazoles

Succinate dehydrogenase Inhibited by DEC

Phosphofructokinase

Blocked by antimonial stibophen
in B. pahangi and L. carinii when
compared to isofunctional
mammalian enzyme

Glucose uptake

Altered by DEC, amoscanate, and
arsenicals

Utilization of glucose

Decreased by levamisole

Lipid metabolism

Quinones

Play a role in filarial electron
transport

Geranyl geraniol

Unknown role

The biosynthesis of genanyl
geraniol and dolichols was
inhibited by mevinolin
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Lipid metabolism

Juvenile hormones

Regulators of larval development

Dolichols

Required for glycoprotein
synthesis

Isopentyl pyrophosphate

IPP constituent of filarial tRNA

HMG-CoA reductase is a rate
limiting enzyme

Involved in the isoprenoid
pathway of filaria

Inhibited by mevinolin

Folate metabolism

Enzymes, such as reductases,
transferases, synthases,
dehydrogenases, hydrolases,
mutases, ligases, and
deaminases

Are involved in the
interconversation of folate
analogs observed in the synthesis
of different tetrahydrofolate
cofactors by macrofilariae.
Specifically, dihydrofolate
reductase activity, which is
commonly observed in
macrofilariae, was found to be
absent in the microfilariae of
B. pahangi

DEC and suramin were found to
inhibit some enzymes involved in
folate metabolism

10-Formyl FH4 dehydrogenase

Which was found to play a vital

enzyme role in the regulation of the
endogenous FH4 cofactor
concentrations, was more
active in B. pahangi than in
mammals

Glutathione

Glutamate-cysteine ligase
(rate-g-glutamyl
transpeptidase)

Glutathione has been proposed to
constitute the antioxidant system
(g-glutamyl cycle) that extends
the survival of filarial parasites in
mammalian hosts, thereby
protecting them from host-
mediated membrane lipid
peroxidation

Arsenicals depletes filarial
glutathione (262-264)
Phytocompounds such as
plumbagin, curcumin, and a
phenoxyacetic acid derivative
were found to inhibit filarial GST
In a report of a homology
modeling approach via in silico

Glutathione-transferases
(GSTs)

The major detoxifying systems in
filarial parasites and can detoxify
cytotoxic products of lipid
peroxidation via the conjugation
of glutathione (GSH) to various
endogenous xenobiotic
electrophiles

analysis of the filarial GST of

B. malayi, albendazole, and a
methyl-substituted chalcone
showed non-competitive type of
inhibition of GST activity

Table 2.

Antifilarial targets for designing drugs.

vaccine development and mosquito repellent practices such as the use of insecticide
nets, body lotions, insecticides spray, coils, etc. along with good knowledge of
sanitization can prevent vector development which together helps in combating
filarial worm infection in a community. The pathology associated with lymphatic
filariasis like elephantiasis, hydrocoele, and lymphedema is due to the hyporespon-
siveness of D4+ T cells of the host immune system [11-13]. Therefore, immunolog-
ical studies are also playing an important role in the field of drug development.
Drugs are also designed to combat symptoms associated with filariasis, viz., drugs
used for the treatment of lymphatic filariasis (drugs effective against adenolym-
phadenitis, funiculitis, epididymo-orchitis, lymphedema, hydrocele, chyluria,
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chylocele, lymph scrotum) and drugs used in the treatment of other
manifestations like asymptomatic microfilaremia, occult filariasis, onchocerciasis,
and loaiasis.

7. Currently used antifilarial drugs
7.1 Diethylcarbamazine (DEC)

Diethylcarbamazine (DEC), a piperazine derivative, is the most common and
widely used drug over many decades. The antifilarial activity of DEC was first
tested against Litomosoides carinii- and Dirofilaria immitis-infected cotton rats
and dogs, respectively [8]. The observations revealed DEC as a potential
microfilaricidal agent. Clinical trial of DEC was started in 1947 against human
filariasis. Later, strong antimicrofilarial activity of DEC was also observed against
W. bancrofti, B. malayi, O. volvulus, and Loa loa infection in humans [14-17].
DEC acts rapidly by stimulating the host immune system. In some reports
macrofilaricidal effect of DEC was also recorded along with its antimicrofilarial
activity [18-21]. Peixoto et al. [22] described the direct mechanism of action of
this drug during their in vitro and in vivo studies; they observed apoptosis and
organelle damage of W. bancrofti microfilariae by DEC [22]. To enhance the
effect of DEC against microfilariae, nitric oxide was induced by some researchers
and was found to be a good synergist [23]. However, DEC combined with
albendazole [24] revealed an effective killing of W. bancrofti microfilariae, but the
combination therapy increased the development of hydroceles in the treated
patient [25].

7.2 Ivermectin (IVM)

It is a broad-spectrum anthelmintic and an effective macrofilaricidal drug intro-
duced in 1981 also known as Mectizan [2], which was the first commercially avail-
able macrocyclic lactone. Chemically, it is a 22,23-dihydro semisynthetic derivative
of avermectin B1, which is a fermentation product of actinomycetes S. avermitilis
discovered by Merck in the mid-1970s [11-32]. IVM alone or in combination with
DEC [8] resulted in long-term suppression of microfilariae in both bancroftian and
brugian filariasis [20, 33, 34].

7.3 Suramin

Suramin [35] initially was a drug used to cure trypanosomiasis and onchocerci-
asis. Chemically it is an 8,80-(carbonylbis[imino-3,1-phenylenecarbonylimino(4-
methyl-3,1-phenylene)carbonylimino] ) bis-1,3,5-naphthalenetrisulfonic acid
hexasodium salt. Presently it is the only macrofilaricidal drug that is effective
against W. bancrofti and O. volvulus.

7.4 Albendazole

This anthelmintic drug is [24] a benzimidazole derivative. Recently this has
been used in a clinical trial to check out its efficacy as antifilarial drug [36]. Its
efficacy was increased when administered in combination with either DEC [8]
or IVM [2].
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7.5 Levamisole

This is an ascaricidal drug with no side effects at the recommended doses. It has
also been found as a microfilaricidal drug against the microfilariae of Wuchereria
bancrofti and Brugia malayi [37].

Unfortunately, most of the chemical antifilarials are characterized by adverse side
effects. The list of currently used antifilarials with their side effects is summarized in
Table 3. Hence, researches on exploring new therapeutic drugs, especially less haz-
ardous drugs of natural origin, are highly recommended. The application of biomed-
icines to treat disease is among the oldest forms of therapy. These biomedicines
including plant extracts and their secondary metabolites were believed to exert their
bioefficacy through immunomodulatory elicitation of Th1/Th2 response, either by
single (Th1, Th2) or mixed adjuvant activity. Therefore, in the context of filariasis,
synthetic and naturally originated antifilarials are summarized in Tables 4 and 5.

8. Role of bioinformatics in filarial research

Bioinformatics is a science of computer-based analysis for the biological datasets
in which biology and computer science are mutually helping and influencing each
other in the field. Bioinformatics has increased the understanding of molecular
mechanism of various cellular processes. Nowadays bioinformatics covers several
fields of biological sciences and drug discovery to overcome biological problems.

8.1 Genomic approach in filarial research

Genomic research in bioinformatics is a useful technique used to understand the
structure and function of all the genes within an organism. Genomics help to find
the particular gene and other biological aspects in the entire genome sequence of the
organism. Screening of drug targets can also be done using the genomics approach.
Casiraghi et al. [115] had carried out phylogenetic analysis using bioinformatics of
11 filarial and Spirurida nematodes and identified the sequence of mitochondrial
cytochrome oxidase-I (COI).

Hoerauf et al. [116] detected the mutual interaction between the intracellular
bacteria (endobacteria) and filarial nematodes, which is further used as antifilarial
drug targets. Nuchprayoon et al. [117] identified the genetic diversity using phylo-
genetic analysis parsimony tool (PAUP) between the DNA sequences of two strains
of Wb found in Myanmar and Thailand. Ghedin et al. [118] reported the nuclear
genome draft of Bm (95-Mb), which contains 88,363,057 bp sequences with 17.84%
protein coding sequence [118]. The full genome sequences are available at
NEMBASE4 database. Investigators identified a variety of filarial parasite genes and
their novel functions that are involved in miRNA regulation and processing.

8.2 Proteomic approach in filarial research

Proteomics approach involved highly efficient methods of protein separation
like two-dimensional-poly acrylamide gel electrophoresis (2DPAGE) and detection,
using modern tools of bioinformatics. Proteomic analysis of the several stages of B
has identified 557 Bm proteins and 11,508 protein coding genes which helps to
define various proteins by using reverse-phase liquid chromatography-tandem
mass spectroscopy.

Afterwards Bennuru et al. [119] have also done the same in identifying the
excretory/secretory (ES) and somatic proteins of adult, mf, and infective stages of
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larvae of Brugia malayi. Some workers gathered the molecular information of the
particular protein of interest through 3D structure which plays a significant role in
drug designing and vaccine development for lymphatic filariasis. In 2005 Bhargavi
et al. [120] analyzed the 3D model of GST of Wuchereria bancrofti and Brugia malayi
for better drug development. For the development of potential drugs, novel drug
targets are modeled using bioinformatics approach including either ligand-based
drug designing (LBDD) or structure-based drug designing (SBDD). LBDD provides
crucial understanding of the interaction between the drug target and ligand mole-
cule and provides information about the biologically active molecules [121]. Cur-
rently 3D quantitative structural activity relationship (QSAR) and pharmacophore
modeling of small molecules are carried out to define their minimum necessary
structural characteristics through which it inhibits the target. These 3D structure
analyses of a protein were designed from the experimental-based method such as X-
ray crystallography, NMR, electron microscopy, etc. If an experimental data are not
available for the target proteins, homology modeling is carried out to build the 3D
structure using target protein sequence [122].

Potential inhibitor can be designed on the basis of their binding sites or can be
identified from the small-sized molecule databases such as Cambridge Structural
Database [123], ChemBank [124], DrugBank [125], PubChem [126], and ZINC
database [127] and databases that are available at Lignad.Info: molecule database

[128] to inspect the biological activity of the particular protein.

Name Description URL
DBEMFDD It is an annotated bibliography for filariasis, malaria, http://ideas.repec.org/p/ess/
diseases dengue, and diarrhea. It also contains the findings of ~ wpaper/id2032.html
database the literature survey
FilaDB Database on filaria detection, clinico-immuno http://www.jbtdrc.org/FilaDb.
monitoring, and management has been developed for htm
Kasturba Hospital and private practitioners to screen
the filarial infection
NEMBASE2  Contains the EST sequence for Brugia malayi and http://www.nematodes.org/ne
other nematodes matodeESTs/nembase.html
Filaria Journal Full and freely access journal of filariasis http://www.filariajournal.com/
Wormbase It is an online database for the biology and genome of http://www.wormbase.org
the Ce and related nematodes
WHO It contains the related publication of filariasis, reports http://www.who.int/topics/fila
of elimination program, control of neglected tropical  riasis/en/
diseases and some important links
PHIS It contains the news and updated from filariasis http://umis.doh.gov.ph/fila
elimination program
Disease It contains the general information regarding diseases http://www.diseasesdatabase.c
database om/ddb4824.htm
TDR- It contains knowledge about the parasite genomes for  http://www.who.int/tdvold/d
lymphatic African lymphatic filariasis and other diseases TDR is iseases/lymphfil/default.htm
filariasis now focusing on providing capacity to use the parasite
genome data and on supporting developments in
applied genomics and bioinformatics
Filarial This database provides the genome sequence of http://www.broadinstitute.org/
worms organisms rapidly and broadly available to the annotation/genome/filarial _
database scientific community. worms/MultiHome.html
Table 6.

List of online databases for lymphatic filariasis are as follows.
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8.3 Web-based available resources for LF

Web-based biological data plays a significant role in bioinformatics which plays
a significant role in analyzing biological data for large amount of nucleotide
sequences, amino acid sequences, and 2D or 3D structures for the broad range of
organisms and their drug targets. Currently, there are only few databases available
for LF (Table 6), but the specified database for LF is not available, which is an
urgent need in the field of drug development and to overcome the emerging drug
resistance. Some of the important databases which are available for LF research
have been discussed below.

NEMBASE: It contains databases containing information of filarial nematodes
such as filarial biology and pathology, nomenclature of filarial genome, mapping of
filarial gene, and Bm genome survey sequencing (GSS). Recently, genome sequenc-
ing of wBm and Onchocerca volvulus (Ov) was also included with the Sanger Insti-
tute, NEB, and TIGR.

WormBase: It’s an open access database repository for nematode biology which
contains the genome browser for Bm, C. elegans, H. contortus, etc., and the gene
predictions and orthology assignments from a range of related nematodes.

FilaDB: It is a database for screening filarial patients with the objective of
providing information on the incidence of mf and types of acute, chronic, and
occult manifestations and age, sex, and distribution area of filariasis cases for
clinico-immuno monitoring and management of filariasis.

Filarial worm database at broad institute: This database used to study the minute
phenotypic difference between the closely related filarial species of Loa loa, Wb,
and Ov (http://www.filariasiscenter.org/brugia-malayigenomics-and-bioinformatics-re
sources). Filarial worm database also has the sequence data on Wolbachia endosym-
bionts of Wb, Ov, and Bm. Filarial diseases are still remaining as a major public
health concern in India. There is a need of comprehensive database, which should
contain:

a. Curated links between genes relevant to filariasis and their sequences in
GenBank and Swiss-Prot.

b. Sequence homology between different filariasis causing genes.

c. Primary and secondary information of pathogens.

d. Availability of various drugs and their targets.

e. Expressed sequence tagged (EST) sequences from different filarial species.

f. Supporting references from published literatures.

g. Bioinformatics tools to analyze those data. Database should also contain the
epidemiological data on age and gender-wise incidences of disease, remission,
and transition rates of disease sequelae.

9. Conclusions
Filariasis is one of the most disabling and disfiguring neglected tropical diseases

with various clinical manifestations and a high morbidity rate. Repetitive use of
antifilarials has given rise to drug resistance. Most of them are effective against
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microfilariae and have no effect on the adult worms. Till date numbers of antifilarial
targets have been explored, but their evaluation with reference to assay feasibility,
target validation, drugability, toxicity, resistance potential, and structural informa-
tion needs to be discovered in the future. There is a need to explore the mechanism
through which drug resistance occurs so that new effective combination therapy
could be discovered at an early stage.
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Chapter 5

Nematode Infections Spread in
Slovakia, an European Temperate
Region

Ingrid Papajovd and Jindvich Soltys

Abstract

Nematode parasitic infections in the twenty-first century present a serious
problem. They occur not only in developing but also in industrialised countries of
temperate regions. It is well-known that these infections are common for communi-
ties living in poverty. Large numbers of nematode infections are transmitted via the
faecal-oral route, where invasive parasitic eggs are excreted into the environments
by the definitive hosts. The aim of this chapter is to investigate the occurrence of the
most important nematode infections spread in major populations and population
living under low hygienic standard conditions in the Slovak Republic territory. The
data are compared with data available within European Union countries. The inci-
dence of nematodes in domestic animals increases the health risks in low-privilege
population. Contamination of the environment with nematodes as well as proposed
countermeasures in urban and rural localities are discussed and suggested.

Keywords: nematodes, Slovakia, temperate region, environment

1. Introduction

Zoonoses are diseases transmitted by its natural way between man and animals
pose a serious health risk. Principally, the zoonoses transmission is accomplished
through close contact with domestic animals, especially dogs and cats, with whom
we share more than 60 parasitic species [1]. Of about more than 370 parasite spe-
cies, 40 of them are classified as zoonotic. According to the WHO data [2, 3], more
than 2 billion people are affected by parasitic zoonoses. This is happening not only
within developing but also in the industrialised countries, including Slovakia.

Zoonotic diseases are mainly transmitted through the soil or water. Primarily,
they are represented by endoparasites such as protozoa and nematodes [4, 5]. In all
of these diseases caused by endoparasites, the most likely route of man infection is
oral transmission followed by the contact with infected humans and animals (wild,
stray, and domestic), with contaminated food, soil, water, or infected environment.
The main sources of the infected environment are faeces from infected animals
living in close vicinity with the man. Though the contact with an animal is more
intense in the rural than in the urban ecosystems, the likelihood of animal diseases
spread is greater between stray animals or in animals without veterinary control.

The prevalence of intestinal parasitic diseases in Slovakia is due to its geographi-
cal location and relatively low good hygiene conditions. However, it may be easily
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dispensable in socially disadvantaged groups of people. Primarily, these diseases
occur in the population of marginalised communities, which as a consequence of
various factors are distinct by socio-economic exclusion. In Slovakia, according to the
performed studies and governmentally released strategy papers, the group most at
risk and living in poverty, which is socially excluded and discriminated, is represented
by the Roma people. They are a very specific and the most numerous marginalised
group in Slovakia [6]. The Roma population is the population with the progressive
age structure, that is, with a high proportion of the younger population and with
alow proportion of the population over the age of 60. Life expectancy, which is
considered to be a fundamental indicator of the population’s health status is within
the Roma’s men 55.3 and Roma’s women 59.5 years, respectively. WHO specified the
same numbers for the life expectancies in developing countries. The health status
of Roma citizens is much worse when compared with the general (major) popula-
tion. Particularly, there is a high risk of diseases linked with low hygiene standards.
The most affected group are children, who are often exposed to the environmental
and anthropogenic risks. Among of aformentioned parasitoses, the soil- and man-
transmitted nematodes are the most important. They are represented by ascariasis
(Ascaris lumbricoides), trichuriasis (Trichuris trichiura), ancylostomiasis (Ancylostoma
duodenale), and necatoriasis (Necator americanus), which occur in a chronic form.
The objective of this chapter is to investigate: (i) the incidence of nematodes in
domestic animals; (ii) contamination of the environment with nematodes; and (iii)
the occurrence of the most important nematode infections spread in major popula-
tions and population living under low hygienic standard conditions in the Slovak
Republic territory.

2. Material and methods
2.1 Coprological examination of excrements

Totally, 1237 dog faecal samples were collected and examined for the presence
of parasite developmental stages. Dog faeces have been collected from around the
dwellings, public places, or taken directly by the owners from backyards. After the
collections, faecal samples were stored at 4°C and transferred to the laboratory for
parasitological examination, which was performed within 24-48 h.

Flotation method with the sucrose flotation solution with specific density of 1.27
was used for coprological examination, where 3 g of faecal sample mixed with water
was centrifuged for 5 min at 1200 rpm (Eppendorf 5804, Germany). After pouring
out the supernatant, the sucrose flotation solution was added into the test tube. The
sediment was then stirred and centrifuged again. After 5 min of sedimentation the
test tube was refilled with flotation solution again. Than the top of tube was covered
with cover glass to detect the eggs trapped in formed meniscus formed. All samples
were further examined under the light microscope at 20x and 40x magnification
(Leica Microsystems, DM 5000B light microscope, Germany).

2.2 Parasitological examination of soil samples

In order to identify the presence of parasites in the environment, totally 539 soil
samples were collected within the vicinity of human settlements and around the
kennels and dog pens. The sand samples were surveyed according to the Kazacos
[7]. Briefly, 100 g of pooled sand sample, 100 ml of water, and 0.5 ml of Tween
40 were mixed and decanted for 10 min. Subsequently, the samples were sieved
and replenished with 1000 ml of water. After 1 h sedimentation, the soil samples
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were centrifuged (Eppendorf 5804, Germany) and then floated with sucrose
flotation solution (specific density of 1.3). Samples were examined under the light
microscope at 20x and 40x magnification (Leica Microsystems, DM 5000B light
microscope, Germany).

2.3 Parasitological examination of stool samples

Totally, 1571 children’s stool samples were collected into the plastic containers.
After an informed consent was signed by parents or legal guardians stool containers
with unique identifiers were handed out together with the instruction regarding
its return. Stool samples (up to 5-15 g of morning stool) were stored in refrigerator
without any preservation at 4°C and transferred to the laboratory for examination
that was performed within 24-48 h. Samples were examined with commercially
available kit (Paraprep L, Mondial, France). Briefly, for each stool sample, 2 ml of
ethyl acetate solution and 0.5 g of stool sample were added to 6 ml of 10% formalin
in a mixing chamber. The chamber was then connected through filter with a conical
collection chamber. Mixed content was incubated for 24 h at room temperature and
the tube was centrifuged at 1000 rpm for 1 min (Eppendorf 5804, Germany). The
entire samples volumes were collected into the collection chambers.

The supernatant was discarded and the sediment placed on microscope slides
and covered with coverslip. The entire area was examined at 20x and 40x magnifi-
cations with Leica DM 5000B light microscope (Leica Microsystems, Germany).

2.4 Statistical analysis

Statistical significances were determined using Student t-test, ANOVA, and
Dunnett Multiple Comparison test at the levels of significance 0.05, 0.01, and 0.001
(Statistica 6.0, USA) [8].

3. Results
3.1Incidence of nematodes in dogs

All together, 1237 faeces samples from free living spaces and grass areas were
collected within selected urban and rural ecosystems in the Slovak Republic ter-
ritory for parasitological examinations. Endoparasites were found in 38.56% of
all examined samples (Table 1). The most frequent were eggs from the family
Ancylostomatidae (20.94%) and Toxocara canis (14.31%). Incidence of the other
nematode eggs was confirmed in the following order: Ascaris spp. (8.08%),

Ecosystems Negative Positive Number of samples Prevalence (%)
Urban 580 198 778 25.45
Rural 133 89 22 40.09”
Low hygienic standard 46 191 237 80.59"
Overall prevalence 760 477 1237 38.56

Significance at the level P < 0.05.
"Significame at the level P < 0.01.
" Significance at the level P < 0.001.

Table 1.
Prevalence of parasitic developmental stages in dog faeces.
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Trichuris vulpis (7.44%), Toxascaris leonina (5.58%), Capillaria aerophila (3.72%),
strongyloid eggs (1.37%), and larvae of Angiostrongylus vasorum (0.40%; Table 2).

3.2 Nematode eggs occurrence in dog faeces in the urban ecosystem

Among of 1237 examined faecal specimens, 778 were collected within the
urban ecosystem. Samples were collected randomly from the public spaces in seven
cities of the Slovak Republic and examined microscopically. In summary, 25.45%
of all samples were positive for the occurrence of parasitic nematodes (Table 1).
Eggs, found in the excrements, were from the family Ancylostomatidae (8.61%),
T canis (8.10%), T. leonina (4.24%), T. vulpis (3.86%), C. aerophila (1.67%), and
Strongyloids origin (1.80%; Table 3).

In 146 of positive faecal samples, a simple endoparasitic infection was the most
common. Mixed infections with multiple intestinal parasites were detected in 52
cases. The most frequent was T. canis infection in combination with eggs from
the family Ancylostomatidae, T leonina and/or T. vulpis (30 samples). Fifteen
samples contained three types of nematodes, where the most often infection was
represented by helminths from the family Ancylostomatidae, T. canis, T. leonina,
C. aerophila, and T vulpis. Mixed infection consisting of four endoparasites was
detected in seven samples. These cases were for the most part represented by the
Ancylostomatidae family, T canis, T. leonina, C. aerophila, and T. vulpis and/or
G. duodenalis.

Negative (n=1237) Positive (n=1237) Prevalence
(%)
Toxocava canis 1060 177 1431
Toxascaris leonine 1168 69 5.58
Ascaris spp. 1137 100 8.08
Ancylostomatidae family 978 259 20.94
Trichuris vulpis 1145 92 744
Capillaria aerophila 1191 46 3.72
Angiostrongylus vasorum 1232 5 0.40
Strongyloid eggs 1220 17 137

n, number of examined samples.

Table 2.
Occurrence of nematode eggs/larvae in dog faeces.

Negative (n=778) Positive (n =778) Prevalence (%)
Toxocava canis 715 63 8.10
Toxascaris leonina 745 33 4.24
Ancylostomatidae family 711 67 8.61
Trichuris vulpis 748 30 3.86
Capillaria aevophila 765 13 167
Strongyloid eggs 764 14 1.80

n, number of examined samples.

Table 3.
Nematode eggs/larvae occurrence in dog faeces collected within urban ecosystem.

70



Nematode Infections Spread in Slovakia, an European Temperate Region
DOI: http://dx.doi.org/10.5772/intechopen.86389

3.3 Nematode eggs occurrence in dog faeces from rural ecosystem

Totally, 222 canine faeces samples were collected and coprologically examined
from the rural ecosystem. Samples came from both, the public spaces and private
land within numerous villages located in Slovakia.

The presence of parasitic intestinal developmental stages was confirmed in
40.09% of collected samples (Table 1), where 12 species of nematodes were
detected. The most prevalent were the eggs of T. canis identified in 19.37% of cases
and Ancylostomatidae family (16.67%). The other eggs present were T. vulpis
(8.11%), C. aerophila (5.86%), T. leonina (0.45%), Strongyloid eggs (1.37%), and
larvae of A. vasorum (1.44%; Table 4). Moreover, the dog faeces in rural areas
contained also the eggs of non-specific parasites such as Heterakis spp., Ascaridia
spp., Moniezia spp., and Eimeria spp. oocysts.

Negative (n=222) Positive (n =222) Prevalence (%)
Toxocava canis 179 43 1937
Toxascaris leonina 221 1 0.45
Ancylostomatidae family 185 37 16.67
Trichuris vulpis 204 18 8.11
Capillaria aevophila 209 13 5.86
Angiostrongylus vasorum 206 3 144
Strongyloid eggs 1220 17 137

n, number of examined samples.

Table 4.
Nematode eggs/larvae occurrence in dog faeces collected in rural ecosystem.

Parasitic monoinfection was detected in 58 samples. The most common was T. canis
infection. Co-infection with two parasite species was observed in 17 cases, where the
most common was T canis and/or T. vulpis infection mixed with Ancylostomatidae
and oocysts of Isospora spp. Combination of three endoparasites species was detected
in nine samples. These mainly consisted of T canis, T vulpis, C. aerophila, and
Ancylostomatidae eggs. Collection of four species was identified in three samples. Two
samples contained a mixture of eggs similar to previous finding (Ancylostomatidae,

T vulpis, and C. aerophila), but in remaining samples H. diminuta eggs or oocysts
Hammondia/Neospora spp. were also detected. One faecal sample contained eggs of the
family Ancylostomatidae, T. canis, larvae of A. vasorum and Sarcocystis spp. oocysts.
Joined co-infection with five endoparasites was found only in two samples (eggs of
family Ancylostomatidae, T. canis, T. vulpis, H. diminuta, and Isospora spp. oocysts).

3.4 The occurrence of nematode eggs in dog faeces from areas with low
environmental hygiene

In addition to the examination within standard urban and rural environment,
the occurrence of parasitic eggs was determined in dog faces from areas with low
environmental hygiene. Such locations in our region are represented by Roma
settlements. Totally, 237 samples of dog faeces from four areas with low environ-
mental hygiene were examined.

About 80.59% of canine faeces collected around houses were found to be
positive for parasitic developmental stages (Table 1) and 13 different nematode
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species were identified. The most common findings were the eggs from the family
Ancylostomatidae (65.40%). Despite the fact that the dogs are not host of Ascaris
spp., the eggs of this nematode was very frequent (42.19%). Another nematodes
present in dogs faeces were T. canis, T vulpis, T. leonina, and C. aerophila. The occur-
rence of A. vasorum larvae was sporadic (Table 5).

Unlike in the urban and rural ecosystems, only 45 dogs living in areas
with low hygiene environment have monoinfections. Multiple co-infections
have been confirmed in 146 dogs. Two nematode species were detected in 48
samples and represented primarily by the eggs of the family Ancylostomatidae
and Ascaris spp. Three nematode species were present in 43 samples, four in
29 samples, and five in 18 cases. Seven examined dogs were infected with six
nematodes. Infection with seven nematodes (T. canis, T leonina, Ascaris spp.,
Ancylostomatidae, T. vulpis, oocysts of Isospora sp., and G. duodenalis) were
confirmed in one sample.

3.5 Contamination of soil by nematode eggs and larvae

The above average occurrence of nematode eggs and larvae in dog faeces poses
high risk for environmental contamination. Therefore, their prevalence in the soil
was monitored and its effect on population living in the affected areas was analysed.

Totally 539 samples of soil samples from cities in the Slovak Republic were
examined to study the risk of environmental contamination. The presence of
nematodes was confirmed in 14.47% of all samples. The representation for par-
ticular species was as follows: Ancylostomatidae family (7.79%), Toxocara spp.
(7.24%), Ascaris spp. (3.71%), T. leonina (2.78%), Trichuris spp. (2.23%), and
Capillaria spp. (0.37%).

In the cities, we focused primarily on the collection of samples from children’s
sandpits and public spaces. Together 497 samples were examined and the overall
incidence of nematodes in urban environment was 9.86%. The most frequent eggs
were of Toxocara spp. and eggs of family Ancylostomatidae. Randomly, the eggs of
T leonina and Trichuris spp. were detected (Table 6).

During the sandpits analysis, we sorted them as fenced and unfenced. The
unfenced sandpits were found to be contaminated more than fenced. This find-
ing was notable and statistically significant. In comparison with fenced sandpits
(4.49%), the prevalence in unfenced sandpits was 12.32% (Table 6). The most
frequent were the eggs of Toxocara spp. eggs from the Ancylostomatidae family. In

Negative Positive Prevalence

(n=222) (n=222) %
Toxocara canis. 166 71 29.96
Toxascaris leonina 202 35 1577
Ascaris spp. 137 100 4219
Ancylostomatidae family. 82 155 65.40
Trichuris vulpis 193 44 18.57
Capillaria aerophila 217 20 8.44
Angiostrongylus vasorum 235 2 0.84

n, number of examined samples.

Table 5.
Nematode eggs/larvae occurrence in dog faeces collected in localities with low hygienic standard.
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addition, the unfenced sandpits comprised of T. leonina, Trichuris spp., and eggs
from the family Ancylostomatidae (Table 6).

In rural environment, the soil samples were collected from parks, public spaces,
and/or from private yards and gardens. In general, significantly higher incidence of
parasitic eggs and larvae was found in soil samples collected from rural areas. Up to
44.44% of all examined samples were positive for the occurrence of Ancylostomatidae,
Toxocara spp., as well as the T leonina and Trichuris spp. eggs (Table 7).

The highest soil contamination was found in the areas with low environmental
hygiene where up to 87.5% of the soil samples contained nematode eggs or larvae at
various developmental stages (Table 7). The difference, when compared with rural
and urban environment, was statistically significant. The soil collected from these
sites was contaminated heavily with eggs of Ancylostomatidae family, Ascaris spp.,
Toxocara spp., T leonina, and Trichuris spp. (Table7).

The differences between the urban, rural and/or with low environmental
hygiene examined sites were also compared according to the number of eggs
detected per 100 g soil. Soil and sand samples in the urban ecosystem contained
1-10 eggs per 100 g sample. Typically, 1-20 eggs per 100 g sample were found in
soil samples from the rural ecosystem. Soil samples collected in low-hygiene areas
comprised of 10-1000 eggs per 100 g sample. Moreover, soil samples analysed at
these sites contained in general up to 100-200 Ascaris spp. eggs per 100 g sample.
Also, high numbers of nematode eggs were found for the family Ancylostomatidae
(0-100 eggs per 100 g) and Toxocara spp. (0-50 eggs per 100 g).

Sandpits Unfenced Fenced
(n=497) (n=341) (n=156)
% (p) % (p) % (p)
Toxocara spp. 443 (22) 5.28 (18) 3.21(5)
T leonina 0.80 (4) 117 (4) 0
Ancylostomatidae family 362 (18) 4.69 (16) 1.28 (2)
Trichuris spp. 0.20 (1) 0.29 (1) 0
Overall prevalence 9.86 (49) 12.32 (42) 4.49 (7)
n, number of examined samples.
Table 6.
Nematode eggs occurrence in sandpits.
Rural Rural with low hygienic standard
(n=18) (n=24)
% (p) % (p)

Toxocara spp. 16.67 (3) 58.33 (14)
T leonina 5.56 (1) 41.67 (10)
Ascaris spp. 0 79.17 (19)
Ancylostomatidae family 2778 (5) 7917 (19)
Trichuris spp. 5.56 (1) 41.67 (10)
Capillaria spp. 0 833(2)
Overall prevalence 44.44(8)" 87.50 (21)"

n, number of examined samples; p, number of positive samples.
Significance at the level P < 0.05.

"Significance at the level P < 0.01.

" Significance at the level P < 0.001.

Table 7.
Nematode eggs occurrence in rural environment and from localities with low hygienic standard.
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3.6 Nematode spread in Slovak population

Parasitic nematodal disease incidence in the human population in correlation with
environmental contamination and domestic animals was evaluated. Disease monitor-
ing was focused on the most vulnerable children population divided into two groups.
First one was represented by kids living satisfactory hygiene condition. Second one
was represented by so-called marginalised group living in poor hygienic condition
with limited access to the clean water. The living conditions in such settlements are
often inadequate and the residents usually live in wooden or brick shacks that often
lack basic infrastructural support. Under such conditions, the living space is often
shared with a great number of dogs without appropriate veterinary care. As soon as
the informed consent was signed by all participants, 1571 randomly selected stool
samples from the major and minor (marginalised) population were collected and
examined in collaboration with paediatricians and pertinent laboratories. The overall
parasitic infections prevalence in children was 12.99%. The most dominant species
were A. lumbricoides and T. trichiura (Table 8). Hymenolepis nana and Hymenolepis
diminuta were detected sporadically. Despite the fact that no perianal examination
was performed, Enterobius vermicularis eggs were present 26 faecal samples.

All examined children were divided into groups according to the environment
where they live. The first group consisted of 851 children from the major population
and came from the environment with standard hygiene conditions. The second,
marginalised group consisted of 720 children who lived in an environment with low
environmental hygiene.

Among of all 851 children who belong to the major population and lived in
satisfactory hygiene conditions, only 5 kids were infected with A. lumbricoides. A
totally different situation was observed in the so-called marginalised group, where
the parasitoses incidence was up to 27.64% (Table 8).

A single parasitic monoinfection was observed in 170 children. Co-infection with
two nematode species was found in 32 children. The most common infections were of
A. lumbricoides and T trichiura. Three kids were infected with A. lumbricoides and the
single-cell parasite G. duodenalis. One child was infected with roundworm A. lumbri-
coides and H. nana, and one stool sample contained a combination of T. trichiura and
H. nana eggs. Infection with three parasitic species was observed in two cases. The
first was combination of A. lumbricoides, T trichiura, and G. duodenalis. Second case
consisted of combination with T. trichiura and H. nana and G. duodenalis cysts.

The incidence of nematodes in children at different ages was also examined.
Based on the age, children were divided into three groups: Group 1: Newborn

Total Marginalised Roma Major non-Roma
(n=1571) population population
% (p) (n=720) (n=851)
% (p) % (p)

Ascaris lumbricoides 12.03 (189) 25.56 (184) 0.59 (5)
Trichuris trichiura 2.99 (47) 6.53 (47) 0
Overall prevalence 12.99 27.64(199)" 0.59 (5)

(204)

n, number of examined samples; p, number of positive samples.
Significance at the level P < 0.05.

"Significance at the level P < 0.01.

" Significance at the level P < 0.001.

Table 8.
Nematodes occurrence in childven according the division to Roma or non-Roma population.
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Marginalised Roma population Major non-Roma population
% (n/p) % (n/p)
Newborn 14.17 (127/18) 0.94 (106/1)
Preschool age 29.66 (236/70) 0.63 (315/2)
School attending 28.10 (331/93) 0.48 (420/2)

n, number of examined samples; p, number of positive samples.

Tableg.
Nematodes occurrence in childven according to age.

(0-2 years), Group 2: Preschool age (3-5 years), and Group 3: School age
(6-18 years). The overall rejection rate between all participants due to incomplete
data analysis or non-compliance was 15%.

In children from the marginalised group, the overall parasitic prevalence ranged
from 14.17 to 29.66%. The least infected were kids under the age of 2. The most
positive stool samples were found in preschool children and kids attending primary
school. In opposite to the marginalised group, the overall disease prevalence in
children living within major population did not exceed 1% (Table 9).

4, Discussion

At the present, it is necessary to create conditions for the co-existence of humans
and animals. Man, in the course of domestication, incorporated various animal
species into its environment. However, these animals can transfer and can be a
source of many viral, bacterial, fungal, and parasitic diseases [9-11]. From this
point of view, regarding the spread of parasitic diseases, a significant role is played
by domestic animals. Especially, by the dogs and cats which share its living environ-
ment with humans. Thus, this co-habitation may represent an important source of
contamination by parasites [12-14].

Parasitic status of house held dogs, as well as the other domestic animals, is
affected by several factors such as the ecosystem type, breeding, wildlife, dogs use,
age, and quality of veterinary care. In an urban ecosystem, the primary roles of the
dog (hunting and protection) are diminishing, but its positive psychosocial and
emotional influence on humans is on the rise. The town’s infrastructure with flats
and apartments impacts the ways how dogs are kept and share their living space
with owners. Dogs in cities are in close contact with humans and became part of
households. In some cases, the owner takes exaggerated care of their pets what leads
to some kind of anthropomorphosis of domestic animals that occasionally could
become family members’ substitute [15, 16].

On the other side, such close contact can contribute to the contamination of the
nearby human environment. For example, human toxocarosis is traditionally identi-
fied as a parasitic disease transmitted by contaminated soil. However, several studies
have pointed out on the possibility of transfer through direct contact with the infected
animal’s fur. For instance, Wolfe and Wright [17] detected the eggs of Toxocara spp. on
the coat of 25% examined dogs, where up to 4.20% of eggs were embryonated (capa-
ble of infection) and nearly 30% were still developing. Roddie et al. [18] detected T
canis eggs in 67% of dogs, and especially in puppies whose contact was limited to its
own litter. An alarming discovery was that up to 82.4% of the eggs were viable and
either embryonated or under development. In addition to the toxocara eggs, Wolfe
and Wright [19] found in dog’s fur, the eggs of Nematodirus battus, which usually do
not parasite on dogs. It is likely that adult dogs have picked up the parasites from the
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other animal species in outside environment by rolling and playing on contaminated
soil. Similar findings on the occurrence of infectious parasitic egg in the coat of
various dog breeds were also confirmed by Aydenizﬁz—Ozkayhan et al. [20]. The
total prevalence of intestinal nematodes in urban localities in Slovakia was 25.45%.
In dog excrements, we confirmed the eggs from family Ancylostomatidae, T canis, T.
leonina, T vulpis, C. aevophila, and Strongyloid origin. Our results corresponded with
those previously published by Antolova et al. [21] and Szabova et al. [22].

In rural ecosystems, the dogs have less companion function and are predominantly
kept to guard properties. Usually, the animals do not have access to the interior spaces
and are kept loosely on the yards or in the kennels. Under such conditions and in the
case of infection, they can spread parasitic germs in surrounding territories. We found
that in most municipalities there is no appropriate veterinary care, which may result
in insufficient attention to the animal health. Additionally, this is probably also related
with poor public health awareness and overall ignorance of the parasitic diseases spread
associated with domestic animals. From various reasons, the dog health care very often
does not include the prevention against parasitic diseases spread. Especially, in the
animals that have no clinical symptoms, a visit to a local veterinarian is not necessary.
Another phenomenon is free movement of dogs in villages what is the result of poorly
maintained fences and also the owner’s negligence. This leads to the spread of parasites
into larger areas. The possibility of wandering and close uncontrolled contact with wild-
life increases the probability of parasitic infections occurrence in domestic animals. Free
living animals that are not under veterinary supervision may be an important source
of infection. Many studies have confirmed that there is a higher parasitic of parasites in
the population of dogs living in a rural ecosystem than in an urban ecosystem. Fok et al.
[23] compared the occurrence of helminths in rural and urban dogs. A higher incidence
of helminths was found in rural dogs (56%) when compared with cities (44%). Similar
statistically significant difference in domestic animal parasitoses prevalence in the
rural and urban ecosystem was reported also by Dubnd et al. [24]. The total prevalence
of parasites in municipalities around city Prague was 41.7%; meanwhile in the urban
ecosystem, it was only 17.60%. Moreover, in a rural ecosystem, the authors found
higher prevalence for all 13 detected species. Work of Habluetzel et al. [25] showed that
48.4% of dogs from the rural ecosystem had T. canis eggs, while only 26.2% of dogs
were infected in the city. A slightly higher prevalence (40.6%) of parasitic eggs in dogs
in a rural ecosystem in the Neuquén region of Argentina than in the urban ecosystem
(33.4%) was found by Soriano et al. [26]. At the same time, the authors confirmed a
statistically significant difference in the prevalence between cestodes and protozoa.

In the rural ecosystem, Taeniidae ova were found in 44.7% of dogs and sporocysts

of Sarcocystis spp. in 19.0% of dogs. The prevalence of these parasites in dogs did not
exceed 3%. The prevalence of endoparasites in dogs from rural localities in Slovak
Republic was 40.09%. T. canis and the eggs from family Ancylostomatidae appeared to
be the most frequent. Similarly, Szabova et al. [22] confirmed endoparasites in 45.10%
of dogs in Slovakia. Our results are similar to the records from neighbouring countries.
In Poland, Borecka [27] found parasites in 34.20% of dog excrements and the most fre-
quent were eggs from the family Ancylostomatidae. Dubnd et al. [24] reported parasites
in 41.7% of dogs examined in Czech Republic, where the most prevalent was T. cans.

Among the other important factors affecting the occurrence of parasites within
human population is socio-economic status and environmental hygiene quality. In the
developing countries, the domestic animals health care is not addressed properly. It
is affected by unsatisfactory financial income in large proportion of the population,
as well as with low level of health awareness and poor veterinary care. In Nigeria,
Ugbomoiko et al. [28] detected 68%, predominantly of T. canis, intestinal parasites
incidence. The high prevalence of toxocariasis in both dogs and humans was observed
by Agudelo et al. [29] within the underprivileged districts of Bogota (Colombia).
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Traub et al. [30] found that in Indian community with a low social status 99% of dogs
were infected with at least one species of parasite. The most frequent eggs present

in the faeces were of family Ancylostomatidae (94.0%), A. lumbricoides (31.0%),

T. trichiura (25.0%), and Isospora belli oocysts (2.0%). The occurrence of typically
human parasites in a dog’s faeces points on the role of a dog as mechanical dissemi-
nators of parasitic germs. An increased incidence of parasites may also be found in
socially deprived communities living in industrially well-developed countries. In our
study, the total prevalence of intestinal parasites among dogs from the areas with low
environmental hygiene was 80.59% and 13 different species with predominance of
Ascaris spp. and family Ancylostomatidae were identified. Rudohradska et al. [31]
reported a high parasitic incidence in dogs from segregated Roma settlements in
Slovakia. The eggs of at least one parasite were detected in 73.8% of dog faeces sam-
ples. The risk of nematode parasites spread in ecosystems may also be increased by
lack of owner’s interest to perform regular antiparasitic treatment (dehelmintisation).

Increase in the number of dogs over the time in the cities with very limited access
to green areas leads to the accumulation of excrement/faces in public spaces. The
pollution of public spaces occurs despite the existence of laws (differs from country
to country) regulating the conditions for housing and breeding the animals. For
instance, in Slovakia, it is Act No. 282/2002 [32] and paragraph 6, which instructs
the owners how to remove biological waste from the environment. The goal of law is
to eliminate both factors: the negative aesthetic effect and removal of the endopara-
sites, which are released into the environment. In particular, dogs and cats are often
infected with Toxocara spp. and are capable to initiate human toxocarosis. Activities
related with the maintenance of urban vegetation, such as lawns and gardens care
can contribute to the excrements and parasitic germs dispersal on large areas, where
subsequent degradation of excrements leads to the spread parasitic propagative
stages in the soil. Such contaminated land is source of further infection and reinfec-
tion of animals and poses critical risk to human health. The occurrence of endo-
parasitic developmental stages is monitored regularly by local health authorities.
Mizgajska [33] shows that in Poland, soil contamination by endoparasites in urban
development ranges between 38 and 53%, where the most frequent are Toxocara
spp. and Trichuris spp. The high incidence of Toxocara spp. (67%) was also detected
by Ruiz de Ybanez et al. [34] in the parks of Murcia (Spain). Somewhat lower level
of soil contamination (45.5%) was observed by Martinez-Moreno et al. [35] in the
urban parks of Cordoba, where Toxocara spp. and T. leonina were also detected.

Mizgajska-Wiktor and Jarosz (2007) performed a 5-year epidemiological moni-
toring for parasitic soil contamination in the city of Poznan and its surroundings.
Interestingly, there was higher soil contamination within the city (19.8%) than in its
rural area (15.6%). Gawor et al. [36] studied the epidemiology of soil contamina-
tion and the probability of reinfection in children diagnosed with toxocarosis. After
the examination of soil around the households of sick children, it was found that
Toxocara spp. occurred more frequently in rural settlements (27.5%) than in urban
environment (21.1%).

An extensive attention should also be focused on the endoparasitic contamina-
tion of children’s playgrounds where if not properly fenced the dogs and cats can
litter. Children who have not yet developed their hygienic habits and are in direct
contact with sand or may have geophagia are at the most risk. Ferre and Dorchies
[37] detected Toxocara spp. on 38% of examined playgrounds and public parks in
Toulouse (France). Talvik et al. [38] in Estonia found higher incidence of Toxocara
spp. in sandpits (17.8%), which were contaminated by cat excrements, when
compared with the soil in the parks (4.2%).

Our results confirmed that the occurrence of endoparasites at children’s play-
grounds is also affected by the level of protection against house held or free living
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animals. Jansen et al. [39] confirmed that fenced sandpits reduced the occurrence
of parasitic developmental stages in comparison to the unprotected. This finding
was endorsed by the study of Blaszkowska et al. [40] who carried out a survey on
parasitic contamination in Lodz (Poland). Fenced sandpits and playgrounds, which
were part of schools or kindergartens, contained only 1.4% geohelminths eggs.
Meanwhile up to 15.7% of soil samples were found to be positive in unfenced play-
grounds. The clear influence of fencing on the reduction of sand and soil contami-
nation has also been confirmed by Dubnd et al. [24] and Avcioglu and Balkaya [41].

As we mentioned earlier, younger population is most vulnerable to the nema-
tode infections. Our results show that the total prevalence of nematodes within
population with low hygiene standards was 27.64%, while only a small number of
infections (0.59%) were observed within major population. A. lumbricoides was
found to be the leading parasite (25.56%) and results corresponded with those of
Rudohradska et al. [42]. Kubiak et al. [43] reported the prevalence of intestinal
helminth infections among children in Poland from 3.30 to 46.30% where the
most frequent parasite was E. vermicularis. In our study, E. vermicularis eggs were
present in some stool samples. Since no perianal swabs were performed, only heavy
infections could be detected. Significant differences in the nematodes prevalence
between marginalised population and the major population were constantly con-
firmed. Based on our results, we can definitely conclude that nematode infections
even now in twenty-first century still present a serious health problem.

5. Conclusion

Despite the temperate climatic conditions, nematode infections are still a threat
to the public health. The counter measures against diseases spread should be
engaged at several levels. Those are represented by appropriate sanitation, disrup-
tion of natural parasitic life cycles, soil decontamination, and improvement in
hygiene standards. This all should be accomplished through the following actions:

* Perform compulsory surveys regarding the epidemiology, the presence of
intermediate, and definitive hosts and soil contamination.

* Approaches such as geographical information systems (GIS) including spatial
and environmental analysis should be considered and utilised to reveal biogeo-

graphical properties for particular parasitic diseases spread.

 Scrutinise the cultural and social habits from the rural and urban areas and
examine the sanitary conditions and hygiene in affected areas.

* Implement appropriate control strategies, for the urban and rural settings, to
protect farmers and pet owners.

* Increase public awareness about parasitic diseases spread via community
centres, local governmental authorities, veterinary and health care services.
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Chapter 6

Anthelmintic Resistance in
Livestock

Morutse Mphahlele, Nthatisi Molefe, Ana Tsotetsi-Khambule
and Thekisoe Oriel

Abstract

For decades anthelmintics have been used as the primary control measure for
worm infections in livestock. However, there has been continuous development of
anthelmintic resistance (AR) by the parasitic worms infecting livestock. This chap-
ter reviews AR in livestock with a special focus on treatment and control, modes
of action of different anthelmintic classes, risk factors leading to development of
AR, conventional and molecular tools used to detect AR, FAMACHA® and holistic
control strategy to control anthelmintic resistance.

Keywords: anthelmintic resistance, helminths, livestock, benzimidazoles,
imidazothiazoles, macrocyclic lactones

1. Helminths infecting livestock

Livestock can be infected with a variety of helminths on pastures, through inges-
tion of the larvae of the parasites on the contaminated grass, the most common of
which are gastrointestinal nematodes and flukes [1]. It goes without saying that
helminths have constantly been problematic and without doubt a long-standing
concern that threatens the livestock industry [2] given that these parasites have a
negative impact on animal productivity and welfare, affecting among other things
feed intake, growth rate and milk yield [3]. Parasitic worms include tapeworms,
roundworms, lungworms, liver flukes, ring worms, hook worms and whip worms.
Transmission of GIT parasites is fairly direct in most cases; the infective eggs or
oocyst are passed with the faeces when the animal defecates, the next animal would
be infected if they graze in the contaminated areas, and humans could be infected
through ingestion of contaminated food and water and/or through close interac-
tions of humans with the infected animals [4]. The annual cost associated with
parasitic diseases has been estimated at 1 billion dollars in Australia [5], 711 billion
dollars in Brazil [6], and believed to be tens of billions of dollars worldwide [5].

2. Treatment and control
2.1 Chemotherapy

Worm control in most farms is exclusively based on anthelmintic treatments rather
than on management practices that embraces integrated strategies. The currently
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available anthelmintics belong to different drug classes, i.e. macrocyclic lactones
(MLs), benzimidazoles (BZs), tetrahydropyrimidines-imidazothiazoles, aminoaceto-
nitrile derivatives (AADs) and spiroindoles. The compounds of these drug classes are
potent against a broad range of nematode species, and, furthermore, MLs are effective
against many arthropod parasites, whilst BZs also versus some flat worm species [7].
However, even with correct administration of treatment, figures point that the use of
anthelmintics is still an expensive way of controlling parasitic diseases [5].

2.2 Modes of action of different anthelmintic classes

Each class of anthelmintics has a unique mode of action against parasites [8].
Imidazothiazoles (IM), such as levamisole, are acetylcholine agonists that act on
the nervous system of the parasite [8]. These drugs cause muscle contraction and
paralysis in the helminth, resulting in the eventual expulsion of the parasite from the
body [9]. Macrocyclic lactones, on the other hand, act on glutamate-gated chloride
channels (GluCl) causing paralysis of the parasite neuromusculature, including the
pharynx, thereby preventing the worm from feeding [8]. The target of benzimid-
azoles is, however, the tubulin within the parasite intestinal cells, which forms into
microtubules that are necessary for nutrient acquisition [10]. Benzimidazoles bind
to the p-tubulin component preventing it from forming microtubules within the
intestinal cells of the helminth. This impairs the uptake of nutrients and prevents the
transportation of necessary digestive enzymes resulting in death due to starvation [9].
Additional effects of benzimidazoles on nematodes include depletion of energy
reserves and the inhibition of waste excretion [11]. The only available aminoaceto-
nitrile derivative on the market today is monepantel [11]. It acts as an agonist of the
mptl-1 channel, a channel belonging to a class of nicotinic acetylcholine receptors
in the process causing constant fluctuation in muscle ions leading to muscle depo-
larisation and irreversible nematode paralysis [11]. Benzimidazoles and macrocyclic
lactones are effective against the adult and immature stages of the parasite, whilst
the imidazothiazoles are effective against the adults and the later stages of immature
larvae [8]. In short, these drugs enter the worm and interact with its target receptor
in order to trigger a harmful physiological effect [12]. Figure 1 shows a schematic
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Figure 1.
Schematic representation of principally known anthelmintic vesistance pathways and their relevance to each of
the current anthelmintic drug classes [8].
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representation of principally known anthelmintic resistance (AR) pathways and
their relevance to each of the current anthelmintic drug classes.

The classes of broad-spectrum anthelmintics range from benzimidazoles, imidazo-
thiazoles/tetrahydropyrimidines and macrocyclic lactones, but salicylanilides, phenolic
substitutes and organophosphates are also popular [13]. Broad-spectrum anthelmintics
are more commonly used in ruminants because they are capable of eliminating large
numbers of parasites, besides being of easy administration and safe to the hosts [14].

3. Anthelmintic resistance

For decades anthelmintics have been used as the primary control measure for
nematode parasites in sheep [15]. However, over the years there has been continu-
ous and significant development of AR by the parasitic worms infecting livestock.
Anthelmintic resistance can be defined as the ability of parasites to survive doses of
drugs that would normally kill parasites of the same species and stage. It is inherited
and selected for because the survivors of treatments pass genes for resistance onto
their offspring. These resistant genes are initially rare in the population or arise
as rare mutations, but as selection continues, their proportion in the population
increases as does the proportion of resistant parasites [16].

Earlier work evaluated the knowledge that defined resistance in the year 1980,
and from their study, they predicted the spread and future impact of resistance
and also set goals for future research [17]. The earliest report of AR was in 1964
for H. contortus resistance to benzimidazole in treated sheep and was also the first
for a modern drug in production animals [18]. Within 10 years of the first report
of AR, resistance was found regularly in sheep parasites, followed by reports of
resistance in horse and cattle nematodes [19]. Although anthelmintics have been
efficient and work quickly, nematodes have developed resistance in a number of
sheep-producing countries such as Australia [20], South Africa [21], New Zealand,
[22], Switzerland [23] and Italy [24]. To this end the highest resistance has been
observed with ivermectin (Ivomec®) and albendazole (Valbazen®) or fenbenda-
zole (Safeguard® or Panacur®), and low to moderate resistance has been observed
with levamisole (Levasole®, Tramisol®). Resistance to moxidectin (Cydectin®) is
also prevalent and on the rise on many livestock farms [25]. In Africa, anthelmintic
resistance has been reported in both the commercial and resource-poor farming
sectors in at least 13 countries, and, among the commercial farms in South Africa,
the situation is considered the worst in the world, with high levels of Haemonchus
contortus resistance to all classes of anthelmintics [26].

Resistance to the two newer classes, the aminoacetonitrile derivatives and
paraherquamide derivatives, is expected to follow [27]. There are anthelmintics still
available, but multiple drug-resistant helminth strains have quickly developed, and
producers and animal health professionals must now seek alternative methods of
treatment and prevention [28]. Below are some prominent cases of anthelmintic
resistance reported in the world (Table1).

Sadly, anthelmintic resistance is now considered the status quo in most sheep-
producing countries of the world [45], and repeated cross-sectional studies in Europe
and South America have shown a worsening situation, with both multidrug and
multispecies resistance which are increasingly more common [46, 47]. Although it
is not widespread, resistance has already developed to two new active ingredients,
monepantel and derquantel. This was despite spiroindole—derquantel—being
marketed as a combination product to slow the development of resistance [48]. All of
these highlight the urgent need to identify risk factors associated with AR develop-
ment, to inform future recommendations on sustainable parasite control [49].
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Country Anthelmintic (class) Nematode genera Year AR References
reported
South Africa Levamisole, morantel Trich/Tel spp. 1990 [29]
South Africa Benzimidazole, Haemonchus spp. 1992-1996 [30]
fenbendazole,
rafoxinide, levamisole
(BZ, SCL, IMID)
South Africa Albendazole, closantel, Haemonchus spp., Trich/Tel 2003 and [31,32]
ivermectin, levamisole spp. and Oesophagostomum 2013
(BZ, SCL, AVM, IMID) spp.
Zimbabwe Fenbendazole, Haemonchus spp., Cooperia 1997 and [33,34]
albendazole, spp. 2003
oxfendazole, levamisole
(BZ, IMID)
Zimbabwe Fenbendazole, Haemonchus spp. 1997 [35]
levamisole, rafoxanide
(BZ, IMID, SCL)
Zambia Ivermectin, albendazole Haemonchus spp. 2001 [36]
(AVM, BZ)
Kenya Ivermectin, Haemonchus spp., Trich/Tel 1995 [37]
fenbendazole (AVM, spp. and Oesophagostomum
BZ) spp.
Germany Levamisole, ivermectin Trich/Tel spp. 2012 [38]
(IMID, AVM)
Norway Albendazole (BZ) Trich/Tel spp. 2012 [39]
Northern Benzimidazole, Trich/Tel spp., Cooperia spp. 2013 [40]
Ireland moxidectin,
avermectin, levamisole
(BZ, MLB, AVM, IMID)
Switzerland Avermectin (AVM) Haemonchus spp., Trich/Tel 2007 [41]
spp.
Brazil Ivermectin (AVM) Haemonchus spp. 2013 [42]
India Fenbendazole, Haemonchus spp., Trich/Tel 2013, 2011 [43], [44]
benzimidazole, spp.
thiabendazole,

tetramisole (BZ, IMID)

BZ, benzimidazoles; ML, macrocyclic lactones (AVM, avermectines, or MLB, milbemycin); nicotinic agonists (IMID,
imidazothiazoles, or TETR, tetrahydropyrimidines); AAD, aminoacetonitrile derivatives; SCL, salicylanilides; Tel,
Teladorsagia; Trich, Trichostrongylus

Table 1.

Some cases of anthelmintic resistance.

4. Risk factors for development of AR

The control of gastrointestinal parasitism for small ruminants has long been
under threat from the development of anthelmintic resistance by parasite popu-

lations [46]. However, in recent years it has become evident that this is also an
emerging problem for cattle [50]. Resistance against drugs belonging to the same
anthelmintic drug class is called side resistance, whereas cross and multidrug
resistance refer to resistance against two or multiple drugs belonging to different
anthelmintic drug classes [47]. Development of AR can be limited by ensuring that
the parasites are exposed to an effective drug dose and to consider the timing and
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frequency of anthelmintic drug treatments so that only a small proportion of the
population is exposed to the anthelmintic [51]. The main factors for the selection for
anthelmintic resistance are high-treatment frequency, [52] underdosing and the use
of the same anthelmintic class over several years [48]. These factors, individually

or in combination, together with the risk of underdosing and continued use of one
class of anthelmintics, irrespective of efficacy status are frequently encountered
factors enhancing development of anthelmintic resistance [53]. Underestimation

of real weight has a potential to lead to underdosing, which can contribute to

the development of AR [48]. The results of a South African study attributed

AR observed in goats to underdosing caused by visual appraisal of an animal to
estimate its weight as opposed to the actual weighing before dosing to determine
the correct anthelmintic dosage [31]. In consideration of ensuring a correct dose,
livestock farmers have to determine the weight as accurately as possible, preferably
by individually weighing each animal [40]. Alternatively, the use of a heart girth
measurement tape is also recommended as this would certainly provide small-scale
farmers with a practical tool to be used in determining the live weight of their small
stock [54]. The use of faecal egg count reduction tests (FECRT) and egg hatch
assays in combination with morphological identification of third-stage larvae recov-
ered from pre- and post-treatment cultures may provide a solid indication of the
presence of anthelmintic resistance.

5. Anthelmintic resistance monitoring
5.1 Faecal egg count reduction test

The faecal egg count reduction test is the main method of detection of anthel-
mintic resistance in nematodes of veterinary importance [55]. In the FECRT, popu-
lations of gastrointestinal nematodes of sheep are considered susceptible when
drug efficacy exceeds 95% (reduction in FECRT). Conversely, resistance is present
when efficacy is <95%. The equivalent efficiency benchmark for resistance is 90%
for other host species. However, reductions in efficacy require interpretation in
the light of different situations [56], where, for instance, the 95% cutoff is more
complex than it seems because some drugs have very high efficacy (99.9%) against
some parasite species but lower (say, 95%) for others in the same host. FECRT is
an in vivo method that involves the nematodes in the sheep as the experimental
unit [57-59]. An advantage of FECRT is that it can be used with all groups of
anthelmintics that are available today. The disadvantage is that the faecal egg count
(FEC) levels do not always correspond to the number of adult worms inside the
animals. However, FECs in young sheep correlate fairly well to the burden of adult
worms, at least compared to the situation in adult sheep [58, 59]. Furthermore,
the FECRT can only detect AR if there are over 25% of resistant nematodes in a
population and also requires a large number of sheep and is therefore difficult to
be used in small flocks [58, 59]. Whilst FECRT has been used for over 30 years,
more recent work has revealed shortcomings in the diagnosis of resistance based
on proportional reduction. The problem is that diagnosis overestimates resistance
when it is emerging. A study by Lyndal-Murphy [60] reported on the use of statis-
tical simulation studies to consider situations for sheep where resistance is defined
as <95% efficacy. This study has shown that FECRT results too often diagnose
resistance where it does not exist. FECRT has been used successfully to detect AR
in many other countries including Zimbabwe [33], Zambia [36], Brazil [42], Kenya
[37] and Switzerland [41].
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5.2 Egg hatch test

Egg hatch test (EHT) is an in vitro test that can be used to measure AR [61].
EHT can only measure BZ resistance. In practice, fresh eggs are either diluted in
increasing concentrations of thiabendazole (TBZ) or diluted in a predetermined
concentration (discriminating dose) and incubated for 48 hours. The eggs hatched
are then counted under an inverted microscope. Discriminating doses have been
established in nematode species such as H. contortus. A discriminating dose is the
dose required to prevent hatching of 99% of susceptible eggs. The EHT can detect
resistance if there are at least 2-3% resistant eggs [58].

Egg hatch test and other in vitro tests generate dose-response lines [10]. This
allows the calculation of parameters, such as the concentration that kills 95% of
eggs (the EC95), a single parameter used to compare isolates. Resistant worms will
have a higher EC95 because a higher drug concentration is required to kill them.
Such assays are underutilised tools for measuring resistant phenotypes. However,
they have been fundamental tools for studying the results of experimental genetic
crosses [62].

5.3 Larval development assay

Two versions of larval development test are used. The first was described in detail
by Hubert and Kerbouf in 1992 [63]. The counted number of eggsina 0.5 mL of egg
suspension is put into each well in a 96-microtitre plate. The contents of the wells are
then mixed, and the plates placed in an incubator under humidified conditions at
27°C for 48 hours for incubation of the eggs. After 48 hours, thiabendazole is added
to the plates containing the egg suspension. The plates are incubated for 5 days; after
which they will be examined to determine the survival of the larvae at different con-
centrations. All the L;-stage larvae in each well must be counted, and the percentage
inhibition of larval development is calculated using the formula [64]:

_ (Eggs+L1)-L1
E =g i 100 (1)

In the second version, the micro-agar larval development test (MALDT) is per-
formed as described by Coles et al. [57]. This test is also performed on 96-microtitre
well plates. Stock solutions of thiabendazole/levamisole are prepared by predissolv-
ing the drugs in dimethyl sulfoxide (DMSO) with subsequent dilution in distilled
water (1:4). Nematode eggs recovered from faecal samples are incubated for 7 days
at 27°C in 96-well microtitre plates with the drug solution. The plates will normally
have a culture medium (yeast extract with Earle’s balanced salt solution and physi-
ologic salt solution) in an aquatic solution of various concentrations of thiabenda-
zole/levamisole and the determined proportion of nematode eggs in each well. After
7 days, the numbers of unhatched eggs and L;-L; larvae in each well are counted
under an inverted microscope. The rate of L; development in the discriminating dose
(0.02 and 0.5 pg/ml for thiabendazole and levamisole, respectively) compared to the
control is then used to determine if resistance is present; thus, the number of larvae
developing from L; to L; stage in the discriminating dose of 0.02 pg/ml thiabenda-
zole and 0.5 pg/ml levamisole is a clear indication of resistance.

5.4 Use of molecular techniques for AR monitoring

Nowadays, the traditional parasitological diagnostic techniques involving
mainly microscopy have been complemented by a variety of new techniques and
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tools, mostly molecular in nature. To date, traditional methods are still routinely
used despite the fact that they can be labour and time intense to perform [25].
PCR-based procedures have been proven to have greater sensitivity and specificity
than ‘conventional’ diagnostic approaches reliant on microscopy and/or immune
detection [65]. Studies with other models of resistance to xenobiotics demon-
strated that migration plays a fundamental role in such things as the dispersion

of insecticide-resistant genes in mosquitoes [66] and of antibiotic resistance
among some species of bacteria [67]. There have been studies on the origin of the
BZ-resistant alleles in worm populations. For instance, using RFLP studies on the
isotype 1-tubulin gene, it was established that there are various BZ-resistant alleles
in different resistant populations of H. contortus [68]. Using the same approach on
two BZ-resistant populations, it was also found that the BZ-resistant alleles were
probably already present in two H. contortus populations before this class of drugs
was even developed [69].

6. FAMACHAO and targeted selective treatment

With nematode resistance now present to all three of the broad-spectrum
anthelmintic classes (benzimidazoles, levamisole and macrocyclic lactones) used
on ruminants [52], control strategies aiming to sustain effective parasitic control
are of key importance. Methodologies designed to maintain refugia which are the
size of the unselected proportion of the nematode population can help to reduce
the build-up of resistance by preserving susceptible nematode genotypes which
helps to dilute the frequency of resistance alleles and maintain anthelmintic
efficacy [70].

One strategy that aims to achieve this is targeted selective treatment (TST),
which involves the treatment of selected individuals that require treatment as
opposed to treatment of the entire group [71]. Individuals are generally identified as
needing to receive treatment on the basis of their level of parasitism [3]. Although
TST strategies have been developed and applied successfully in sheep, there are
considerably fewer studies on cattle, with the first insights into the application of
TST having occurred relatively recently [72]. As there are important differences
in host-parasite interactions and parasite epidemiology between cattle and sheep,
differences in the methodology and application of TST in cattle can be expected.
Although TST strategies in sheep have been shown to be beneficial in reducing
selection for anthelmintic resistance [72], it is difficult to know which of the various
strategies would be most effective under various scenarios. At present there are no
direct comparisons of TST strategies in cattle, in part due to difficulties arising from
confounding variables [72].

Simulation modelling on the other hand may offer an effective alternative and
be highly beneficial in assessing the feasibility of novel control strategies. In the
FAMACHA® system, operators assess the severity of parasitism by using a con-
junctival colour chart which correlates to anaemia to choose affected animals for
selective treatment. FAMACHA® was developed by a South African veterinarian,
and it stands for Faffa Malan Chart. The application of FAMACHA®© has been a
pivotal example of a practical approach in managing resistance, as targeted treat-
ment provides many potential benefits. One benefit is that it helps in the removal
of worms from the most severely infected and affected animals and so reduces
production losses in the most impacted animals. These animals also shed more eggs
than other animals, so targeted treatment of a small proportion of the flock reduces
alarge proportion of pasture contamination. Most importantly, it reduces selection
by reducing chemical use and maintaining refugia.
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7. Holistic control strategy to control anthelmintic resistance

General risk factors for the development of AR in livestock include overuse of
anthelmintics, underdosing, frequent movement and transfer of animals from one
area to another and poor pasture management. Techniques such as body condition
scoring, faecal egg detection, larval detection and FAMACHAQ® are still relatively
underutilised when in combination with the use of anthelmintics. We propose that
countries must develop integrated holistic system that will be a combined effort
between animal health professionals, extension officers, farmer unions and drug
companies where education is one of the most important components for helmin-
thosis control and prevention of AR development (Figure 2). Farmers, both at
large-scale commercial and small-scale communal farming, need to be constantly
conscientised on the proper use of anthelmintics, pasture management and pur-
chase and transportation of livestock from one area to another.

Holistic control strategy to prevent anthelmintic resistance
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Figure 2.
A holistic AR prevention strategy which includes annual education campaigns to all types of farmers and
application of different diagnostic techniques which then dictates necessary anthelmintic treatment.

Direct anthelmintic-like effects have been demonstrated in in vitro assays,
which have shown that incubation in crude condensed tannin extracts reduced
the development, viability, motility and migratory ability of parasite larvae [73].
Whilst there will be continuous development of synthetic compounds which will
be used as anthelmintics, there is a need for increased scientific studies of conver-
sion and adoption of natural compounds extracted from medicinal plants as a
substantial number of them has been reported to contain anthelmintic activity [74].
Future research should also focus on possible treatment of pasture with organic
compounds from medicinal plants in an attempt to control the larval stages of
helminths.

8. Perspective (future control and prevention methods, necessary
research)

Many of the approaches that are available for prevention of AR are still being
researched and evaluated, and most of them are at present not suitable for the
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communal grazing systems of many resource-poor farmers; therefore, further
research must still be conducted to ensure adaptability to both commercial and
resource-poor farming operations. Another challenge facing both the farmers and
researchers alike could be that even though the AR monitoring techniques has

been used for years, correlation between in vivo and in vitro tests for detecting BZ
resistance is not always good [75]. This is probably because in vitro tests are more
sensitive than in vivo tests [20], and those shortcomings concerning sensitivity

and specificity could be subjugated by the use of molecular techniques than are

not reliant on microscopy. In order to win the battle against the emergence of AR,
correct use of anthelmintics and on-farm training about gastrointestinal helminths
infecting livestock must be provided. Such training should be ongoing and provided
by extension officers together with animal health technicians. Training initiatives
should incorporate practical demonstrations and focus on aspects such as the
importance of correct dosage, when to alternate anthelmintic classes and treat-
ment frequency. Furthermore, a sustainable integrated parasite management must
become the new paradigm, where anthelmintics are used much less frequently and
in a more targeted and strategic manner following the principles of smart drenching
and FAMACHAO together with a variety of nondrug-based practices. These strate-
gies can be employed in combination with faecal egg counts.
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