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Preface 
 

During a time span of more than a century since its recognition, the protozoan parasite 
Toxoplasma gondii has never seized to fascinate researchers. A ubiquitous organism 
able to infect all mammals and birds, that has been estimated to infect one third of the 
global human population, deserves as much. Recognized in the early days as an agent 
affecting the fetus, the clinical focus has moved with the advent of AIDS and increased 
use of treatments with immunosuppressive effect, to toxoplasmosis as an 
opportunistic infection, and in the recent years back again to the long known ocular 
disease, this time as a consequence of acquired as much as congenital disease. 
Developments were always associated with the use of the leading methodologies of 
the times, currently embodied in the penetration of molecular biology methods into 
medicine and microbiology, which allowed for studies of T. gondii and the infection it 
induces at the genomic level. In addition, T. gondii owes part of its popularity to being 
a very desirable model of intracellular infection quite easy to grow in the lab, offering 
the possibility to study various immunological, biochemical, cell biology and other 
aspects and providing a wealth on data on immune control, host-parasite relationship, 
etc. It is thus not surprising that the centenary of T. gondii presented an inspiration for 
a number of texts and books overviewing both the biology of the organism and the 
clinics of the disease it causes. In this regard, it is hard to find a niche for yet another 
book on toxoplasmosis. However, any effort on compiling a series of essays stands 
witness to its moment in the history of knowledge development, and offers its readers, 
specialist or not, a view on the current achievements and research interests.  

A current approach to this zoonosis is the concept of „one health“, based on the 
understanding that a disease occurring between animals and man in a specific 
environment can only be dealt with at the interface of all „players“ involved. The 
structure of this book follows this concept, in that it integrates human and animal data 
in its respective parts. The book is opened by a formidable chapter on factors affecting 
the dynamics of the T. gondii life cycle, in which Gilot-Fromont and colleagues 
describe how these elements shape the spatial and temporal variability of the 
epidemiological dynamics, and conclude on the evolutionary and medical 
implications of these variations.  

In line with the „one health“ concept, this part is continued by a review (Chapter 2) of 
both the epidemiology and the epizootiology of toxoplasmosis in South-East Europe. 



X Preface 
 

Bobić and colleagues review the data published in this region in the past two decades, 
showing that a prevention effort requires concerted action on the animal, human and 
environmental side, thereby illustrating on real facts the need for a complex and 
unified approach advocated in Chapter 1.  

The issue of epizootiology introduced by Bobić and colleagues is subject of the 
following two contributions, which review the current data on T. gondii infection in 
animals in the Chech Republic and Slovakia, respectively. Whereas Bartova and 
colleagues (Chapter 3) offer a comprehensive review of T. gondii infection in farm, wild 
and zoo animals in the Chech Republic in the last decade, in Chapter 4 Luptakova and 
colleagues overview their own data on toxoplasmosis in animals in Slovakia, focusing 
on the diagnostic methods available and discussing their advantages and pitfalls. 

Part 2 is devoted to molecular epidemiology. Chapter 5 involves a text by Ivović and 
colleagues on the use of molecular methods for the diagnosis of toxoplasmosis, 
focusing on their advantages and limitations, as well as for the genotyping of strains 
isolated from clinical samples, providing data on the molecular epidemiology of T. 
gondii in Serbia.  

The next chapter (Chapter 6) is an interesting text by P. Jokelainen, who shows that T. 
gondii strains of the most common pan-European genotype II may be, and have been, 
fatal for some of their animal hosts including mountain hares and foxes, in Finland but 
elsewhere in Europe as well. This is a good reminder that whereas insight into the 
parasite genotypes is expected to provide answers to many clinical questions, it is not 
the parasite genotype but the interplay and balance between the parasite and its host, 
with its different immunological responses, genetics etc., that determines the outcome 
of infection.  

Part 3 concerns important clinical issues of toxoplasmosis. Chapter 7 is an 
authoritative account by Jean Dupouy-Camet and colleagues on the epidemiology of 
ocular toxoplasmosis as the major T. gondii induced clinical entity, occurring as an 
early or late consequence of acquired as much as of congenital disease. This relatively 
novel concept changes our view of acquired infection, making a strong case for the 
prevention of acquired infection in the general population. 

Ocular toxoplasmosis in the particular setting of Brazil is further explored in Chapter 8 
by Bahia-Oliveira and colleagues. As known to those familiar with the current 
literature, toxoplasmosis seems to be an entirely different disease in Brazil. Initially 
recognized after hydric epidemics, insight into strain differences at the molecular level 
provided explanation for the significant clinical differences observed in Brazil vs. 
elsewhere. Bahia-Oliveira and colleagues further explore the multifactorial nature of 
ocular toxoplasmosis, and based on own research on clinical, immunological and 
genetic parameters in a large patient series in an endemic area, propose a novel clinical 
classification of retinochoroidal scars in epidemiological surveys. 

         Preface XI 
 

The book is concluded by a text on so-called pseudo-toxoplasmosis (Chapter 9), in 
which Shimada overviews i.e. genetic disorders causing clinical symptoms that can be 
initially mis-diagnosed for toxoplasmosis and in which toxoplasmosis should be ruled 
out in the differential diagnosis. One such case published by the author is here 
discussed in the light of other entities that may mimick toxoplasmosis, focusing on 
specific methods and examinations needed to distinguish between the two.  

 
Dr. Olgica Djurković-Djaković 

National Reference Laboratory for Toxoplasmosis  
Centre of Excellence in Biomedicine 

Institute for Medical Research, University of Belgrade 
Serbia 



X Preface 
 

Bobić and colleagues review the data published in this region in the past two decades, 
showing that a prevention effort requires concerted action on the animal, human and 
environmental side, thereby illustrating on real facts the need for a complex and 
unified approach advocated in Chapter 1.  

The issue of epizootiology introduced by Bobić and colleagues is subject of the 
following two contributions, which review the current data on T. gondii infection in 
animals in the Chech Republic and Slovakia, respectively. Whereas Bartova and 
colleagues (Chapter 3) offer a comprehensive review of T. gondii infection in farm, wild 
and zoo animals in the Chech Republic in the last decade, in Chapter 4 Luptakova and 
colleagues overview their own data on toxoplasmosis in animals in Slovakia, focusing 
on the diagnostic methods available and discussing their advantages and pitfalls. 

Part 2 is devoted to molecular epidemiology. Chapter 5 involves a text by Ivović and 
colleagues on the use of molecular methods for the diagnosis of toxoplasmosis, 
focusing on their advantages and limitations, as well as for the genotyping of strains 
isolated from clinical samples, providing data on the molecular epidemiology of T. 
gondii in Serbia.  

The next chapter (Chapter 6) is an interesting text by P. Jokelainen, who shows that T. 
gondii strains of the most common pan-European genotype II may be, and have been, 
fatal for some of their animal hosts including mountain hares and foxes, in Finland but 
elsewhere in Europe as well. This is a good reminder that whereas insight into the 
parasite genotypes is expected to provide answers to many clinical questions, it is not 
the parasite genotype but the interplay and balance between the parasite and its host, 
with its different immunological responses, genetics etc., that determines the outcome 
of infection.  

Part 3 concerns important clinical issues of toxoplasmosis. Chapter 7 is an 
authoritative account by Jean Dupouy-Camet and colleagues on the epidemiology of 
ocular toxoplasmosis as the major T. gondii induced clinical entity, occurring as an 
early or late consequence of acquired as much as of congenital disease. This relatively 
novel concept changes our view of acquired infection, making a strong case for the 
prevention of acquired infection in the general population. 

Ocular toxoplasmosis in the particular setting of Brazil is further explored in Chapter 8 
by Bahia-Oliveira and colleagues. As known to those familiar with the current 
literature, toxoplasmosis seems to be an entirely different disease in Brazil. Initially 
recognized after hydric epidemics, insight into strain differences at the molecular level 
provided explanation for the significant clinical differences observed in Brazil vs. 
elsewhere. Bahia-Oliveira and colleagues further explore the multifactorial nature of 
ocular toxoplasmosis, and based on own research on clinical, immunological and 
genetic parameters in a large patient series in an endemic area, propose a novel clinical 
classification of retinochoroidal scars in epidemiological surveys. 

         Preface XI 
 

The book is concluded by a text on so-called pseudo-toxoplasmosis (Chapter 9), in 
which Shimada overviews i.e. genetic disorders causing clinical symptoms that can be 
initially mis-diagnosed for toxoplasmosis and in which toxoplasmosis should be ruled 
out in the differential diagnosis. One such case published by the author is here 
discussed in the light of other entities that may mimick toxoplasmosis, focusing on 
specific methods and examinations needed to distinguish between the two.  

 
Dr. Olgica Djurković-Djaković 

National Reference Laboratory for Toxoplasmosis  
Centre of Excellence in Biomedicine 

Institute for Medical Research, University of Belgrade 
Serbia 



Section 1 

 

 
 
 

Epidemiology and Epizootiology 

 

  



Section 1 

 

 
 
 

Epidemiology and Epizootiology 

 

  



 

Chapter 1 

 

 

 
 

© 2012 Gilot-Fromont et al., licensee InTech. This is an open access chapter distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

The Life Cycle of Toxoplasma gondii  
in the Natural Environment 

Emmanuelle Gilot-Fromont, Maud Lélu, Marie-Laure Dardé,  
Céline Richomme, Dominique Aubert, Eve Afonso,  
Aurélien Mercier, Cécile Gotteland and Isabelle Villena 

Additional information is available at the end of the chapter 

http://dx.doi.org/10.5772/48233 

1. Introduction 

Toxoplasma gondii (T. gondii) is considered as one of the most successful parasites in the 
world. This success is first illustrated by its worldwide distribution, from arctic to hot desert 
areas, including isolated islands and in cities [1]. T. gondii is also among the most prevalent 
parasites in the global human population, with around one third of the population being 
infected [2]. Finally, it is able to infect, or be present in, the highest number of host species: 
any warm-blooded animal may act as an intermediate host, and oocysts may be transported 
by invertebrates such as filtrating mussels and oysters [1, 3]. 

Beyond this ubiquitous distribution lies a fascinating transmission pattern: simply saying 
that T. gondii has a complex life cycle does not encompass all transmission routes and modes 
that can be used by the parasite to pass from definitive hosts (DHs), where sexual 
reproduction occurs, to intermediate hosts (IHs). The “classical” complex life cycle uses 
felids (domestic and wild-living cats) as DHs and their prey as IHs (Figure 1). Felids are 
infected by eating infected prey and host the sexual multiplication of the parasite. They 
excrete millions of oocysts that sporulate in the environment. Sporulated oocysts may 
survive during several years and may disperse through water movements, soil movements 
and microfauna. Ingesting a single sporulated oocyst may be sufficient to infect an IH and 
begin the asexual reproduction phase [1]. This classical life cycle thus relies on a prey-
predator relationship and on environmental contamination, like other parasites, e.g., 
Echinococcus multilocularis [4]. 

However, beside this classical cycle, T. gondii shows specific abilities that allow it to use 
“complementary” transmission routes (Figure 1). During the phase of asexual 
multiplication, tachyzoites may disseminate to virtually any organ within the IH, in 

© 2012 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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particular to muscles, brain, placenta, udder and gonads. Asexual forms are then infectious 
to new hosts, thus direct infection among IH is possible by several routes which 
epidemiological importance has to be discussed: vertical transmission through the placenta, 
pseudo-vertical transmission through the milk, and sexual transmission through the sperm 
[1, 5, 6]. In humans, T. gondii may also be transmitted during blood or organ transplant. 
Finally, the infectivity of asexual forms towards new IHs entails the ability for the parasite 
to be transmitted among IHs by carnivory. This transmission route is estimated to cause the 
majority of cases in humans [7], although people may also get contaminated by ingesting 
oocysts after a contact with contaminated soil, water, vegetables or cat litter. All the possible 
transmission routes among IH make the parasite able to maintain its life cycle, at least 
during a few generations, in the absence of DH and without environmental stage [8]. 
Moreover, at a high dose, oocysts from the environment may also be infectious for DHs [9], 
thus the parasite may bypass the IH and use a DHs-environment cycle. The infectivity of 
oocysts towards cats is relatively low thus the importance of this cycle may be questioned 
[10]. However, taken together, these observations suggest that T. gondii may theoretically 
have two distinct life cycles, one among IHs and the other one between DHs and 
environment. 

 
Figure 1. Life cycle of Toxoplasma gondii: the “classical” life cycle between intermediate hosts (IH, 
rodents), definitive hosts (DH, felids) and environment (E, soil) is represented with large arrows, while 
the “complementary” transmission routes (vertical or horizontal transmission among IHs and 
environment-to-cat transmission) are represented with small arrows. 

Moreover, in IHs, the infection of the brain results in several specific clinical manifestations, 
modifications of host behaviour and life history that influence transmission. As a result of its 
presence in the brain of IHs, T. gondii manipulates host behaviour in two ways, by 
specifically increasing attractiveness of cat odours to rodent IHs, thus favouring 
transmission from IH to DH [5, 11], and by increasing the sexual attractiveness of infected 
males, which favours sexual transmission [6]. 

These numerous capacities of transmission clearly allow T. gondii to be distributed 
worldwide. However, this does not mean that the risk of toxoplasmosis is identical 
everywhere. On the contrary, a highly structured pattern of infection can be demonstrated, 
for example by comparing the level of infection of different human populations. Among 
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countries, nationwide seroprevalences in women of childbearing age vary from less than 
10% to more than 60% [12]. Within countries, a strong variability is also present: in France, 
the incidence of T. gondii varies from 1 to 68 cases per 1000 pregnancies among the 22 
metropolitan regions [13]. Finally, spatial heterogeneity is also present at a more local scale, 
for example among districts within a region, and up to the level of families: within a village, 
individuals of the same family tended to have identical serological status [14]. Due to this 
heterogeneous distribution, the burden of toxoplasmosis and the associated socio-economic 
cost are unevenly distributed. Elucidating the causes of this distribution of T. gondii is 
necessary to improve prevention. However, this proves to be a difficult task, as the variability 
of parasite prevalence may reflect variations in many aspects of the life cycle. For example, 
considering the “classical” cat-environment-prey life cycle, the transmission from IH to DH 
likely depends on the level of predation of DHs on IHs, thus on the presence and densities of 
DHs and IHs, as well as on the diet of DHs. The survival of oocysts is influenced by 
temperature, moisture and UV radiation, thus should be determined by the meteorological 
conditions prevailing in the area, while dispersal depends on soil and water movements, as 
well as on the accumulation in invertebrates. The complementary routes of infection depend 
on the presence of omnivorous species (carnivory), the population dynamics of IH 
populations (vertical transmission) and the social structure (sexual and milk transmission). 

In this chapter we aim to provide a comprehensive overview of factors that are recognized 
or can be expected to determine T. gondii dynamics in animal populations and in the 
environment, which constitute the reservoir of human infection, i.e., a set of 
epidemiologically connected populations and environments in which the pathogen can be 
permanently maintained and from which infection is transmitted to the defined target 
population [15]. Although the risk for people is largely due to the quality and intensity of 
their contacts with this reservoir, here we only deal with variations of the cycle in the 
environment and in animals. We summarize which mechanisms are now established and 
identify areas where data are lacking. We first show that the dynamics of the life cycle varies 
according to the relative densities of IHs and DHs, in particular along the urban-rural-wild 
gradient. Then we detail the variations observed in each of these environments at different 
spatial scales, and the factors that have been found to influence transmission dynamics. We 
conclude on how the variations described here should affect human exposure and should be 
considered for prevention. 

2. The urban- rural-wild gradient 

The life cycle of T. gondii is dependent on populations of IHs and DHs, and on the level of 
predation between them. These ecological determinants are themselves dependent on their 
environment. Because humans exert a major influence on the structure of their environment, 
the first structuration of these IH-DH communities comes from the urbanization gradient. 
We first explicit how IHs and DHs populations vary along this gradient before detailing 
how these variations affect the dynamics of T. gondii. 
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countries, nationwide seroprevalences in women of childbearing age vary from less than 
10% to more than 60% [12]. Within countries, a strong variability is also present: in France, 
the incidence of T. gondii varies from 1 to 68 cases per 1000 pregnancies among the 22 
metropolitan regions [13]. Finally, spatial heterogeneity is also present at a more local scale, 
for example among districts within a region, and up to the level of families: within a village, 
individuals of the same family tended to have identical serological status [14]. Due to this 
heterogeneous distribution, the burden of toxoplasmosis and the associated socio-economic 
cost are unevenly distributed. Elucidating the causes of this distribution of T. gondii is 
necessary to improve prevention. However, this proves to be a difficult task, as the variability 
of parasite prevalence may reflect variations in many aspects of the life cycle. For example, 
considering the “classical” cat-environment-prey life cycle, the transmission from IH to DH 
likely depends on the level of predation of DHs on IHs, thus on the presence and densities of 
DHs and IHs, as well as on the diet of DHs. The survival of oocysts is influenced by 
temperature, moisture and UV radiation, thus should be determined by the meteorological 
conditions prevailing in the area, while dispersal depends on soil and water movements, as 
well as on the accumulation in invertebrates. The complementary routes of infection depend 
on the presence of omnivorous species (carnivory), the population dynamics of IH 
populations (vertical transmission) and the social structure (sexual and milk transmission). 

In this chapter we aim to provide a comprehensive overview of factors that are recognized 
or can be expected to determine T. gondii dynamics in animal populations and in the 
environment, which constitute the reservoir of human infection, i.e., a set of 
epidemiologically connected populations and environments in which the pathogen can be 
permanently maintained and from which infection is transmitted to the defined target 
population [15]. Although the risk for people is largely due to the quality and intensity of 
their contacts with this reservoir, here we only deal with variations of the cycle in the 
environment and in animals. We summarize which mechanisms are now established and 
identify areas where data are lacking. We first show that the dynamics of the life cycle varies 
according to the relative densities of IHs and DHs, in particular along the urban-rural-wild 
gradient. Then we detail the variations observed in each of these environments at different 
spatial scales, and the factors that have been found to influence transmission dynamics. We 
conclude on how the variations described here should affect human exposure and should be 
considered for prevention. 

2. The urban- rural-wild gradient 

The life cycle of T. gondii is dependent on populations of IHs and DHs, and on the level of 
predation between them. These ecological determinants are themselves dependent on their 
environment. Because humans exert a major influence on the structure of their environment, 
the first structuration of these IH-DH communities comes from the urbanization gradient. 
We first explicit how IHs and DHs populations vary along this gradient before detailing 
how these variations affect the dynamics of T. gondii. 
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2.1. Host densities and predation rates vary along a urbanization gradient 

Taking advantage of a high adaptability and following human migrations, the domestic cat 
Felis catus has colonized a wide variety of habitats, ranging from urban areas to non-
anthropized islands, through, agricultural areas, arid or semi-arid areas, villages or cities, 
from polar to equatorial climatic regions [16]. However, due to the behavioural plasticity of 
this species, population density and structure vary, depending on the abundance and 
distribution of food resources and shelters [16, 17]. In particular, cat populations are 
structured differently along an urban-rural-non-anthropized (“wild”) gradient (Figure 2). 
The highest densities of cats are found in urban populations of stray cats locally more than 
1000 cats/ km² [18, 19]. At these high densities, cats form large multimale–multifemale social 
groups and share their territory, as well as available resources [16]. Most resources are 
provided directly or not, by people (feeders, garbage) [19]. In rural areas, population density 
is moderate (100-300 cats/ km²) [20, 21, 22]. Most cats have an owner who provides food and 
shelter but cats are generally free to roam [23]. An important part of cats diet result from 
predation: 15 to 90% depending on cat lifestyle [24, 16]. In rural areas, the spatial 
distribution of cats is based on human settlements: the social groups are based on a house or 
farm that provides most of the feeding and nesting resources. Around a feeding point, cats 
may form groups of up to 20 individuals, often constituted by related females and their 
kittens [16]. In fact, in such areas, a gradient can be observed between pet-owned cats 
mostly fed by the owner, to farm cats and feral cats mostly living on predation. Finally, feral 
cats occupying non-anthropized areas (sub-Antarctic, arid or forested areas), survive 
exclusively through predation, live at low density (1 to 10 cats/ km²), in large and non-
overlapping home ranges [25, 26]. 

Rodent densities also vary along the urban-rural-wild gradient (Figure 2). However, 
comparisons are not straightforward since many species are concerned and most of them are 
not present in all environments. The available estimates suggest that some species may live 
at very high densities in agricultural landscapes: for example, common voles Microtus arvalis 
and water voles Arvicola terrestris may reach 100 000 individuals/km² [27]. In contrast, in 
urban areas, the density of wood mice Apodemus sylvaticus was estimated to lie around 2 000 
- 8 000 mice/km² [28, 29]. 

The third parameter that varies along the urban-rural-wild gradient is the rate of predation 
of rodents by cats, i.e., how many rodents does a cat ingest per unit of time. This parameter 
is crucial for the transmission of T. gondii from IH to DH: combined with the prevalence in 
prey, it determines the risk for a cat to get infected. The importance of the predation rate is 
illustrated by the finding that cats with frequent outdoor access show higher predation rates 
[16] and higher prevalences than cats not allowed to roam [30, 31, 32, 33, 34]. The predation 
rate depends on the availability of rodents, i.e., on the density of rodents relative to cats, and 
on the availability of other food resources provided by people. The predation rate is lowest 
in urban populations, ranging from 10 to 27 prey/cat/year [35, 36, 37]. For suburban and 
rural sites, estimated values for predation rates range from 21 to 436 prey/cat/year [10, 24, 
38, 39]. Finally, the predation rate should be highest in non-anthropized areas, where cat 
exclusively live on predation. 
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Figure 2. Variations of human density and anthropogenic food supply, cat density, rodent density and 
predation along an urban-rural-wild gradient. The magnitude of the bars represents the relative 
importance of each factor according to the degree of urbanization (modified from [4]). 

Because of these variations of three key parameters of T. gondii cycle (densities of DHs and 
IHs, and predation rate), one can hypothesize that the dynamics of T. gondii should vary 
qualitatively and quantitatively along the urban-rural-wild gradient, following the specific 
features regarding T. gondii transmission in each environment. Urban areas, at least in the 
limited areas where cats live, support the highest densities of DHs. However, in cities, 
rodent densities are relatively low and predation rate is low due to the availability of 
anthropogenic food resources. The transmission through predation is not expected to be 
favoured in this case, but the DH-environment cycle should be maximized. On the contrary, 
in the wild environment, the level of predation of cats on rodents is maximal, but cat density 
is low, thus transmission should occur only by predation. Finally, rural areas combine 
intermediate to high values of IH and DH density, with high predation rates. Thus these 
may be the most favourable for the transmission of T. gondii [40]. This transmission should 
occur largely through “classical” IH-DH transmission, but transmissions among IHs and 
through a possible DH-environment cycle should also be possible in this case. 

2.2. Variations in T. gondii dynamics along the urban-rural-wild gradient 

The hypothesis that the dynamics of T. gondii transmission varies along the urban-rural 
gradient has been tested through a theoretical approach, using an epidemiological model 
[10]. The aim was to estimate the contributions of the IH-DH and DH-environment cycles in 
the spread of T. gondii according to the predation rate, with stable cat population size. The 
modelling approach allowed the authors to compare populations differing only by the rate 
of predation, all else being equal. The model first confirmed that the rural environment 
(here defined as having predation rates above 21 prey/cat per year [35, 36] is favourable for 
T. gondii, as transmission increases with the predation rate [10]. Seroprevalences predicted 
for cats ranged from 33.2 to 83.4% in the rural environment vs. 6.9 to 33.2% in urban areas. 
Moreover, in rural-type areas, the contribution of the IH-DH cycle increases with the 
predation rate, and may reach 70% of the transmission (Figure 3). The DH-environment 
cycle may theoretically be responsible for more than 50% of the transmission, but only in 
extremes cases with predation rates lower than 9 prey/cat/yr (Figure 3). It is noteworthy that 
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cycle may theoretically be responsible for more than 50% of the transmission, but only in 
extremes cases with predation rates lower than 9 prey/cat/yr (Figure 3). It is noteworthy that 



 
Toxoplasmosis – Recent Advances 8 

the predicted prey seroprevalences, from 2.4 to 5 % along the gradient, was always low 
compared to the magnitude of cat seroprevalences. 

The cat serological prevalences predicted by [10] agree with values observed along the 
urban rural gradient: when natural populations (as opposed to heterogeneous samples 
constituted from veterinary clinics or facilities) are considered, seroprevalences are clearly 
lower in urban (between 15 % to 26% [41, 33, 34, 42, 43]) than in rural areas (48% to 87.3% 
[44, 30, 45, 32, 42]). They also reach high values in non–anthropized areas: 51% in Kerguelen 
island [46]. In rodents, prevalence is generally low (0 – 10% [47, 46]), which renders 
comparisons difficult. High seroprevalences have been occasionally reported in brown rats 
(70% in Italy [48]) and in house mice (59% in rural and sub-urban areas in England [49]). 
However, these limited data do not permit to draw a clear pattern among environments in 
rodents. Interestingly, the usually low rodent seroprevalences are in accordance with 
predictions of the model [10]. The model also suggested that cat seroprevalence is less 
dependent on prey seroprevalence than on predation rates and prey availability. Thus 
obtaining accurate estimate of these two last parameters should be more important to 
understand T. gondii epidemiology than estimating rodent seroprevalence. 

 
Figure 3. Contributions of the DH-Environment and IH-DH cycles in the basic reproductive rate R0 of T. gondii 
according to the predation rate of IHs by DHs. Predation rates below 27 prey/cat per year represent urban areas, 
values above 21 prey/cat per year represent rural areas. Modified with permission from [10]. 

The last way to compare environments would be to compare the levels of soil contamination 
among environments. However, estimating the level of environmental contamination 
requires information on the number of new infections in cats (incidence) through 
longitudinal studies. Based on serological follow-up of cats, incidence was estimated to 0.26-
0.39 infections/cat per year in three rural populations located in France [32]. Incidence was 
also estimated in one urban site (0.17 infections/cat/year [50]) and in one population living in 
a non-anthropized environment [46], using the age-seroprevalence relationship. Using data 
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on oocyst shedding, Dabritz et al. [51, 52] estimated that 0.04 infections could occur per cat-
year in cats recruited through local veterinarians in coastal cities in California (USA). 

Incidences estimates may be combined to local cat densities, in order determine the number 
of infection that could occur each year in a given site. In urban sites, even if incidence is low, 
very high densities of cats lead to expect a high number of infections: 165 infections per km² 
per year could occur in the dense population studied by Afonso et al. [41, 50]. In rural sites 
where cats live in density varying between 120 and 200 cats per km², [32] estimated that 31 
to 72 infections per km² per year could occur. In Kerguelen, where incidence is high but 
density is only 1-3 cats/km2, the number of new cases per year would be only around 
1/km2/year. Based on the assumption that primary infected cats shed between 1 and 50 
millions of potentially infectious oocysts in the environment, oocyst burden may be 
estimated in each case, as was proposed for rural populations [32]. The results of the cited 
studies are summarized in Table 1, to give a range of possible estimates for oocyst burden. 
This may be compared to the estimate from a recent study on owned cats living in coastal 
California: [51] estimated that the annual burden of oocysts in the environment ranged 
between 94 and 4671 oocysts/m². 

The urban-rural-wild gradient is thus a key determinant of the T. gondii dynamics. The 
general level of transmission varies along this gradient, rural areas being particularly 
favourable for T. gondii transmission. Moreover, the relative importance of different 
transmission routes is not equivalent along this gradient. In particular, the DH-environment 
cycle may become significant at very low levels of predation rate, especially in urban areas. 
These variations are expected to influence the risk for other target species, and especially for 
people, to get infected. In particular, generally speaking, the level of soil contamination is 
expected to be highest in the areas where urban feral cats are concentrated, and lowest in the 
wild environment. However, with each environment, spatial and temporal heterogeneities 
are present. They will be detailed in the following paragraphs. 
 

Population 
Kerguelen 

(Non-anthropized) 

Aimargues, Saint-
Just Chaleyssin, 

Barisey 
(Rural) 

Lyon Croix-
Rousse 
(Urban) 

Seroprevalence in cats (%) 36.2 – 55.0 47.4 – 55.1 18.6 
Incidence in cats (number 
of new infections/cat/year)

0.28 – 0.65 0.26 – 0.39 0.17 

Number of new cat 
infections/km2 

0.66 – 1.3 31 - 72 165 

Oocyst burden (number 
deposited /year/m2) 

17 - 33 775 - 1800 4125 

Table 1. Estimated levels of contamination by oocysts in five populations located in different 
environments. The table summarizes the studies of one population in a non-anthropized island (2 study 
sites) [46], three rural populations [32] and one urban population [41]. Oocyst burdens are estimated 
considering that an infected cat produces 25 millions oocysts. 
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3. Urban toxoplasmosis 

Urban landscapes are characterized by highly fragmented natural or semi-natural habitats 
resulting in a mosaic of patches varying in size and quality. Dispersal abilities of animal 
species between patches are generally affected by roads or by distance to the nearest patches 
[53, 54]. Many animal species are thus restricted to parks, artificial forest fragments or 
recreation areas [55]. This results in local extinctions, increased local population density, or 
social disturbance. Natural populations of domestic cats are present in urban areas in 
various sites including hospital gardens [56], parks [57, 58], cemeteries or squares [59], 
taking advantage of the abundance of shelters, food wastes linked to human activity or food 
provided by cat lovers [59, 17, 54]. Densities regularly exceed 250 cats per km² [16], and can 
reach up to 2000 cats per km² like in urban parks in Italy [58]. 

In urban areas, rodent densities are heterogeneous and generally strongly related to 
vegetation cover, predation pressure [29], and/or on how the presence of rodents is 
controlled by trapping or poisoning. For example, the density of field mouse Apodemus sp. 
can range from no individual in areas occupied by dense populations of predators, to 20,000 
individuals per km² in isolated patches [28, 29]. Communities of small mammals can persist 
at high density in small habitat patches sparsely settled by predators [28]. It is therefore 
unlikely that cat and IHs populations coexist at high densities in the same habitat patches. In 
addition, urban cats are attracted by food provided by humans, easily accessible all over the 
year, and that requires no effort of predation. The presence of such a resource can reduce the 
motivation to hunt in cats [16, 59]. Observations made on urban cats in hunting activity are 
thus rare in such areas [41]. The altered predator-prey dynamics limits IH-HD T. gondii 
transmission, however toxoplasmosis does occur in urban hosts. Most surveys conducted in 
stray cats show low prevalences ranging from 5 to 20% [60, 61, 62, 41]. However, high values 
have occasionally been found: 35.4% in Sao Paolo [62], 51.9 Barcelona [63], 70.2 in Ghent, 
Belgium [64]. These cases may correspond to areas where cats have access to predation. 

The high local densities of cats also entail a high local level of environmental contamination 
by T. gondii oocysts. Beside density, in such areas, cats often use the same place to defecate 
where they burry or expose their faeces as scent marks [16, 65], and a single location may be 
used by several cats when cat density is high [66]. Moreover, this behaviour is expected to 
favour the direct contamination of cats by oocysts while defecating, since oocyst load in 
defecating areas is extremely high, and cats are exposed through scratching the soil, before 
cleaning their paws and fur. These defecation sites spread over cat territory cumulate a high 
concentration of oocysts in areas closed to humans. A study of a cat population living in the 
Croix-Rousse hospital (Lyon, France) showed that defecation sites were the areas most often 
found to be positive for T. gondii DNA, and may be viewed as hot spots of environmental 
risk to humans [50]. Similarly, in Poland and in China, contaminated soil samples have been 
found in public parks and sand pits [67, 68]. Contact with soil, and particularly gardening 
and consumption of raw vegetables have been demonstrated to be significant risk factors for 
toxoplasmosis in humans [69, 7, 70]. Contact with defecation sites is thus expected to result 
in a high risk of infection, but, because contaminated sites represent a low proportion of the 
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area, only a few humans are likely to be directly exposed. These persons include children 
playing in sand pits, persons feeding the cats, gardeners, maintenance workers in these sites 
and also dog owners who allow pets to roam in these sites and become indirectly exposed 
through contact with dogs [71, 67, 68]. 

Overall, toxoplasmosis in urban areas should be characterized by heterogeneous dynamics, 
with usually low levels of prevalence in cats, but locally high levels of soil contamination, 
which may favour the environment-DH cycle. 

4. Heterogeneity in the rural environment 

Rural areas, and in particular agricultural landscapes, are suitable for T. gondii transmission, 
due to the high densities of both DHs and IHs [72], and to the high level of predation. 
However, this does not mean that rural areas are evenly infected. Spatial and temporal 
variations have been detected at several scales. We first present the temporal dynamics to 
identify mechanisms of heterogeneity that may also explain spatial variations. 

4.1. Temporal dynamics 

A temporal variability in the dynamics of T. gondii life cycle has been detected, both at the 
year-to-year level and between seasons. It is first important to notice that temporal 
variability is uneasy to study using serological data, because of the lifelong persistence of 
antibodies. In long-lived species, temporal variations in the rate of appearance of new cases 
(incidence) may be masked by the persistence of antibodies. The easiest ways to study 
temporal dynamics of T. gondii should be to consider short-lived species, species where 
antibody response does not persist lifelong, individual serological follow-up, or to consider 
indicators of acute infection, i.e., type M immunoglobulins or oocyst excretion in cats. 

Due to the difficulty to organize long-term surveys, year-to-year variations have been found 
in a few populations only: in roe deer Capreolus capreolus in Spain [73] and in Sweden [74], in 
red deer Cervus elaphus in Scotland [75], as well as in Canadian seals [76]. Tizard et al. [77] 
performed the largest survey to our knowledge, with nearly 12,000 persons studied over 14 
years. This survey revealed inter-annual 6-year cycles and showed that year-to-year 
variations follow rainfall levels with a correlation coefficient as strong as 0.71. Accordingly, 
a longitudinal survey of rural populations of domestic cats in France showed important 
interannual variations in incidence among years, related to variations in the level of rainfall 
[32]. In an urban site, seroprevalence in cats was highest during years with a hot and moist 
weather or with a moderate and less moist weather [41]. The same trend was observed 
during a long-term follow-up of two populations of roe deer, with maximal seroprevalence 
under cold/dry, or cool/moist years [78]. 

The first explanation that has been proposed for the correlation between meteorological 
conditions and T. gondii dynamics involves the survival of oocysts. The free stage of T. gondii 
is subject to hard environmental conditions: in the terrestrial environment, its survival in 
soil depends on temperature and moisture. Oocyst survival is maximal (> 200 days) for 
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3. Urban toxoplasmosis 

Urban landscapes are characterized by highly fragmented natural or semi-natural habitats 
resulting in a mosaic of patches varying in size and quality. Dispersal abilities of animal 
species between patches are generally affected by roads or by distance to the nearest patches 
[53, 54]. Many animal species are thus restricted to parks, artificial forest fragments or 
recreation areas [55]. This results in local extinctions, increased local population density, or 
social disturbance. Natural populations of domestic cats are present in urban areas in 
various sites including hospital gardens [56], parks [57, 58], cemeteries or squares [59], 
taking advantage of the abundance of shelters, food wastes linked to human activity or food 
provided by cat lovers [59, 17, 54]. Densities regularly exceed 250 cats per km² [16], and can 
reach up to 2000 cats per km² like in urban parks in Italy [58]. 

In urban areas, rodent densities are heterogeneous and generally strongly related to 
vegetation cover, predation pressure [29], and/or on how the presence of rodents is 
controlled by trapping or poisoning. For example, the density of field mouse Apodemus sp. 
can range from no individual in areas occupied by dense populations of predators, to 20,000 
individuals per km² in isolated patches [28, 29]. Communities of small mammals can persist 
at high density in small habitat patches sparsely settled by predators [28]. It is therefore 
unlikely that cat and IHs populations coexist at high densities in the same habitat patches. In 
addition, urban cats are attracted by food provided by humans, easily accessible all over the 
year, and that requires no effort of predation. The presence of such a resource can reduce the 
motivation to hunt in cats [16, 59]. Observations made on urban cats in hunting activity are 
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stray cats show low prevalences ranging from 5 to 20% [60, 61, 62, 41]. However, high values 
have occasionally been found: 35.4% in Sao Paolo [62], 51.9 Barcelona [63], 70.2 in Ghent, 
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The high local densities of cats also entail a high local level of environmental contamination 
by T. gondii oocysts. Beside density, in such areas, cats often use the same place to defecate 
where they burry or expose their faeces as scent marks [16, 65], and a single location may be 
used by several cats when cat density is high [66]. Moreover, this behaviour is expected to 
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defecating areas is extremely high, and cats are exposed through scratching the soil, before 
cleaning their paws and fur. These defecation sites spread over cat territory cumulate a high 
concentration of oocysts in areas closed to humans. A study of a cat population living in the 
Croix-Rousse hospital (Lyon, France) showed that defecation sites were the areas most often 
found to be positive for T. gondii DNA, and may be viewed as hot spots of environmental 
risk to humans [50]. Similarly, in Poland and in China, contaminated soil samples have been 
found in public parks and sand pits [67, 68]. Contact with soil, and particularly gardening 
and consumption of raw vegetables have been demonstrated to be significant risk factors for 
toxoplasmosis in humans [69, 7, 70]. Contact with defecation sites is thus expected to result 
in a high risk of infection, but, because contaminated sites represent a low proportion of the 
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area, only a few humans are likely to be directly exposed. These persons include children 
playing in sand pits, persons feeding the cats, gardeners, maintenance workers in these sites 
and also dog owners who allow pets to roam in these sites and become indirectly exposed 
through contact with dogs [71, 67, 68]. 

Overall, toxoplasmosis in urban areas should be characterized by heterogeneous dynamics, 
with usually low levels of prevalence in cats, but locally high levels of soil contamination, 
which may favour the environment-DH cycle. 

4. Heterogeneity in the rural environment 

Rural areas, and in particular agricultural landscapes, are suitable for T. gondii transmission, 
due to the high densities of both DHs and IHs [72], and to the high level of predation. 
However, this does not mean that rural areas are evenly infected. Spatial and temporal 
variations have been detected at several scales. We first present the temporal dynamics to 
identify mechanisms of heterogeneity that may also explain spatial variations. 

4.1. Temporal dynamics 

A temporal variability in the dynamics of T. gondii life cycle has been detected, both at the 
year-to-year level and between seasons. It is first important to notice that temporal 
variability is uneasy to study using serological data, because of the lifelong persistence of 
antibodies. In long-lived species, temporal variations in the rate of appearance of new cases 
(incidence) may be masked by the persistence of antibodies. The easiest ways to study 
temporal dynamics of T. gondii should be to consider short-lived species, species where 
antibody response does not persist lifelong, individual serological follow-up, or to consider 
indicators of acute infection, i.e., type M immunoglobulins or oocyst excretion in cats. 

Due to the difficulty to organize long-term surveys, year-to-year variations have been found 
in a few populations only: in roe deer Capreolus capreolus in Spain [73] and in Sweden [74], in 
red deer Cervus elaphus in Scotland [75], as well as in Canadian seals [76]. Tizard et al. [77] 
performed the largest survey to our knowledge, with nearly 12,000 persons studied over 14 
years. This survey revealed inter-annual 6-year cycles and showed that year-to-year 
variations follow rainfall levels with a correlation coefficient as strong as 0.71. Accordingly, 
a longitudinal survey of rural populations of domestic cats in France showed important 
interannual variations in incidence among years, related to variations in the level of rainfall 
[32]. In an urban site, seroprevalence in cats was highest during years with a hot and moist 
weather or with a moderate and less moist weather [41]. The same trend was observed 
during a long-term follow-up of two populations of roe deer, with maximal seroprevalence 
under cold/dry, or cool/moist years [78]. 

The first explanation that has been proposed for the correlation between meteorological 
conditions and T. gondii dynamics involves the survival of oocysts. The free stage of T. gondii 
is subject to hard environmental conditions: in the terrestrial environment, its survival in 
soil depends on temperature and moisture. Oocyst survival is maximal (> 200 days) for 
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temperatures comprised between -6°C and +20 °C [79]. Above +20°C, dessication of oocysts 
may occur [41, 80, 81], but moisture should prevent it [82, 83]. Under-6°C, the survival of 
oocysts is reduced and their capacity to sporulate is lost [79], although one may hypothesize 
that snow cover may protect them from cold. Meteorological variations are thus expected to 
determine the survival of oocysts. Oocyst survival has also been demonstrated as one of the 
parameters that most influence predictions given by a mathematical model [10]. However, 
other factors may also vary with meteorological conditions and influence T. gondii life cycle. 
In particular, the population dynamics of rodents is affected by climate-driven vegetation 
growth [84]. Specifically, when winter is mild, survival is high and rodent populations 
comprise many adult or old individuals, which are the age groups most often infected. Thus 
the risk of encountering an infected prey is expected to increase after mild winters [32]. This 
mechanism would contribute to the high transmission of T. gondii after mild winters, in 
combination with high oocyst survival. 

Meteorological conditions are also expected to act at the seasonal level. Oocyst survival 
should be lowest during dry, hot summer periods, and during very cold winters. Moreover, 
the population dynamics of hosts follows seasonal cycles: most births of rodents and cats 
occur in spring and summer. However, since many kittens carry maternal derived 
antibodies [41], the susceptible populations may increase in summer for rodents and in fall 
for cats. We thus propose the following pattern (Figure 4): in summer, the low survival of 
oocysts would lead to a low level of environmental contamination. However, the renewal of 
the pool of susceptible rodents at the same period may boost T. gondii transmission. The 
proportion of infected rodents would increase during summer and fall, thus increasing the 
risk for cats to get infected. During fall and winter, kittens would have a maximal risk to get 
infected and excrete oocysts. Finally, in spring, most cats born during the previous year and 
highly exposed through hunting would have terminated their oocyst excretion thus the rate 
of soil contamination would decrease. However, due to the survival of oocysts, the 
prevalence in rodents would continue to rise, and would reach its maximal value at the 
beginning of spring when reproduction starts again, giving birth to naïve rodents. 
Following this scenario, the infection of domestic herbivores would increase at the end of 
fall and in winter, when cats excrete oocysts, specifically within farm buildings [85], but 
could continue up to the following spring, due to the high survival of oocysts. The risk for 
infection of people would thus be maximal in winter when oocyst contamination and 
herbivore infections are frequent, and may persist up to the following spring.  

Because of the methodological difficulties presented above, many studies do not find any 
seasonal pattern [47], and few data come in support of this hypothesis. Tizard et al., 
considering only high titres, found a clear decrease of human infections in fall [77]. This 
decrease was interpreted as a consequence of the dry summer period, corresponding to low 
oocyst survival. In Serbia, new infections occurred more often between October and April 
than the rest of the year [86]. A seasonal pattern was also found in the proportion of cat 
faeces presenting oocysts in Germany. Faeces collected between January and June (0.09%) 
were significantly less often infected than those collected during the second part of the year, 
between July and December (0.31%) [87]. These observations are concordant with the above  
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Figure 4. Possible seasonal pattern of the transmission of T. gondii. 

scenario, however, more detailed data and/or a theoretical approach are needed to fully 
confirm the proposed pattern. Should this pattern be confirmed, the variability of risk with 
time should be taken into account for management and prevention recommendations.  

4.2. Spatial heterogeneity 

Spatial heterogeneity of the infection in the rural environment has been demonstrated both 
between regions and between areas within and around villages. Farm animals, being 
restrained to agricultural areas, are particularly relevant to analyse spatial heterogeneities of 
the circulation of T. gondii. However, studies concerning other species or humans may 
provide useful information when the studied processes concern farms as well as 
surrounding areas. 

At the between-region scale, heterogeneity has essentially been shown to correlate with 
climatic variations. The hypothesis of relationships between humidity, temperature and T. 
gondii prevalence has been suggested in cattle in Serbia [88] and in sheep in Spain [89]: 
regions with high humidity and moderate temperatures are considered as most favourable 
for the sporulation and survival of oocysts. However, few data allowed authors to formally 
analyse these relationships in farm animals. When comparing the incidence of 
toxoplasmosis in rural cats living in three villages from distinct regions in France, Afonso et 
al. found that the difference between the villages was explained by their level of rainfall [32]. 
Other surveys, considering wild-living species and humans, are in accordance with the 
hypothesis of a climate-driven dynamics. Regional seroprevalences in woman in France 
vary with temperature: they increase when mean temperature increases, but decrease when 
the mean number of days below -5°C increases in the region [13]. In a national survey on the 
wild boar Sus scrofa, the number of 10-day periods below -6°C was also found as a 
determinant of T. gondii seroprevalence [90]. Still in the wild boar, in Corsica, prevalence 
was highest at high altitude, where rainfalls are abundant and temperatures are low [91]. 
Overall, these and previous results (4.1) underline the importance of climate and 
meteorological conditions in driving the temporal and spatial dynamics of T. gondii. These 
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temperatures comprised between -6°C and +20 °C [79]. Above +20°C, dessication of oocysts 
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that snow cover may protect them from cold. Meteorological variations are thus expected to 
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parameters that most influence predictions given by a mathematical model [10]. However, 
other factors may also vary with meteorological conditions and influence T. gondii life cycle. 
In particular, the population dynamics of rodents is affected by climate-driven vegetation 
growth [84]. Specifically, when winter is mild, survival is high and rodent populations 
comprise many adult or old individuals, which are the age groups most often infected. Thus 
the risk of encountering an infected prey is expected to increase after mild winters [32]. This 
mechanism would contribute to the high transmission of T. gondii after mild winters, in 
combination with high oocyst survival. 

Meteorological conditions are also expected to act at the seasonal level. Oocyst survival 
should be lowest during dry, hot summer periods, and during very cold winters. Moreover, 
the population dynamics of hosts follows seasonal cycles: most births of rodents and cats 
occur in spring and summer. However, since many kittens carry maternal derived 
antibodies [41], the susceptible populations may increase in summer for rodents and in fall 
for cats. We thus propose the following pattern (Figure 4): in summer, the low survival of 
oocysts would lead to a low level of environmental contamination. However, the renewal of 
the pool of susceptible rodents at the same period may boost T. gondii transmission. The 
proportion of infected rodents would increase during summer and fall, thus increasing the 
risk for cats to get infected. During fall and winter, kittens would have a maximal risk to get 
infected and excrete oocysts. Finally, in spring, most cats born during the previous year and 
highly exposed through hunting would have terminated their oocyst excretion thus the rate 
of soil contamination would decrease. However, due to the survival of oocysts, the 
prevalence in rodents would continue to rise, and would reach its maximal value at the 
beginning of spring when reproduction starts again, giving birth to naïve rodents. 
Following this scenario, the infection of domestic herbivores would increase at the end of 
fall and in winter, when cats excrete oocysts, specifically within farm buildings [85], but 
could continue up to the following spring, due to the high survival of oocysts. The risk for 
infection of people would thus be maximal in winter when oocyst contamination and 
herbivore infections are frequent, and may persist up to the following spring.  

Because of the methodological difficulties presented above, many studies do not find any 
seasonal pattern [47], and few data come in support of this hypothesis. Tizard et al., 
considering only high titres, found a clear decrease of human infections in fall [77]. This 
decrease was interpreted as a consequence of the dry summer period, corresponding to low 
oocyst survival. In Serbia, new infections occurred more often between October and April 
than the rest of the year [86]. A seasonal pattern was also found in the proportion of cat 
faeces presenting oocysts in Germany. Faeces collected between January and June (0.09%) 
were significantly less often infected than those collected during the second part of the year, 
between July and December (0.31%) [87]. These observations are concordant with the above  
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scenario, however, more detailed data and/or a theoretical approach are needed to fully 
confirm the proposed pattern. Should this pattern be confirmed, the variability of risk with 
time should be taken into account for management and prevention recommendations.  

4.2. Spatial heterogeneity 

Spatial heterogeneity of the infection in the rural environment has been demonstrated both 
between regions and between areas within and around villages. Farm animals, being 
restrained to agricultural areas, are particularly relevant to analyse spatial heterogeneities of 
the circulation of T. gondii. However, studies concerning other species or humans may 
provide useful information when the studied processes concern farms as well as 
surrounding areas. 

At the between-region scale, heterogeneity has essentially been shown to correlate with 
climatic variations. The hypothesis of relationships between humidity, temperature and T. 
gondii prevalence has been suggested in cattle in Serbia [88] and in sheep in Spain [89]: 
regions with high humidity and moderate temperatures are considered as most favourable 
for the sporulation and survival of oocysts. However, few data allowed authors to formally 
analyse these relationships in farm animals. When comparing the incidence of 
toxoplasmosis in rural cats living in three villages from distinct regions in France, Afonso et 
al. found that the difference between the villages was explained by their level of rainfall [32]. 
Other surveys, considering wild-living species and humans, are in accordance with the 
hypothesis of a climate-driven dynamics. Regional seroprevalences in woman in France 
vary with temperature: they increase when mean temperature increases, but decrease when 
the mean number of days below -5°C increases in the region [13]. In a national survey on the 
wild boar Sus scrofa, the number of 10-day periods below -6°C was also found as a 
determinant of T. gondii seroprevalence [90]. Still in the wild boar, in Corsica, prevalence 
was highest at high altitude, where rainfalls are abundant and temperatures are low [91]. 
Overall, these and previous results (4.1) underline the importance of climate and 
meteorological conditions in driving the temporal and spatial dynamics of T. gondii. These 
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environmental conditions probably also act at a very local scale, for example to affect soil 
contamination in South-oriented versus North-oriented slopes, however this has not been 
studied. 

Within villages, the spatial organization of host populations leads to heterogeneities of T. 
gondii between central villages, farm areas and fields. In particular, farm buildings and their 
surroundings, which shelter both cats and IHs, constitute an important source of infection 
for the surrounding areas. The spatial distribution of cases around a pig farm [72], and a 
mathematical modelling approach [92] both confirmed that farms represent a source for the 
whole rural environment. Farms also represent a source of infection for the surrounding 
wild areas: in Corsica, the seroprevalence in wild boar increased with the density of farms in 
the county [91]. 

Finally, the dynamics of T. gondii is also variable among farms. As expected, the presence of 
cats often determines the risk of a farm being infected [93, 94], thus cat control is a key to the 
control of toxoplasmosis in farms [95], as well as rodent control [96]. Other factors reported 
to influence T. gondii prevalence are related to herd management: size and isolation of herd, 
presence of a water point, type of feeding [97, 93]. These factors represent interesting control 
points [96]. 

Overall, the rural environment, and in particular farms and their surroundings, are a major 
source of infection, including for other areas. In particular, rural areas and farms are the gate 
for T. gondii to circulate between the wild and domestic environments, thus their spatial 
distribution, management and level of biosecurity are determinant in the possibility for T. 
gondii to mix domestic and sylvatic cycles. 

5. A sylvatic cycle for T. gondii? 

Being able to infect many species, T. gondii is common in wildlife, both in DHs and IHs [2, 
98, 46, 1]. The question of a sylvatic cycle, and of whether such a cycle would be separated 
from the transmission in the domestic area, has been raised. A possible interpenetration 
between domestic and wild cycles would have important consequences for the management 
of T. gondii, since limiting the propagation of the parasite among domestic animals is only 
feasible if there is no major wild source. The main tools available to investigate this question 
are the analysis of genotypes that are present in both areas, and the understanding of 
transmission pathways through epidemiological surveys.  

However, the situation differs between temperate and tropical areas. Section 5.1 reviews the 
factors associated with T. gondii infection in wild animals in temperate areas, and assesses 
the risk of inter-transmission between domestic and wild cycles with its consequences in 
terms of zoonotic hazard, animal health and population dynamics of highly susceptible wild 
species. Section 5.2 shows that in Europe, and to a lesser extent in North America, strains 
found in wildlife are similar to local strains found in domestic animals and the environment. 
Finally, section 5.3 deals with the specific situation of tropical areas, where the separation 
between domestic and wild cycles is clearer than in the temperate areas. 

 
The Life Cycle of Toxoplasma gondii in the Natural Environment 15 

5.1. The dynamics of T. gondii in wildlife in temperate climates 

T. gondii infection in wildlife does not occur with the same probability in any species or 
place. Wild-living species first have variable levels of susceptibility and exposure. Exposure 
is largely determined by life history traits, especially feeding behaviour. In birds, where T. 
gondii infection can be present at a high level in many wild birds without any clinical 
impact, exposure to T. gondii is highest in carnivorous species [99]. High T. gondii 
seroprevalence is also reported in large predator species as Lynx and the European wildcat 
[100, 101] which is of epidemiological significance because infected felids shed oocysts in the 
wild environment.  

Among non-carnivorous species, the risk of infection is related to the risk of encountering 
oocysts, thus to the level of contact with potentially contaminated soil. In rodents and 
lagomorphs, home-range size, energy requirements and life expectancy are all expected to 
be related to the probability to encounter T. gondii oocysts. As these traits are correlated to 
body size [102, 103, 104, 46], large rodents species are more often found positive than small 
ones [46]. Body size is thus a relevant indicator of prevalence in a given species, and also an 
indicator of the risk for predators to get infected by preying on that species. Finally, 
omnivores such as wild boar can acquire toxoplasmosis by incidentally ingesting infected 
rodents and mainly by rooting and feeding from soil contaminated with oocysts excreted by 
cats, as shown for other species with similar behaviour, e.g., poultry [105]. On the same way, 
nutria Myocastor coypus is a terrestrial herbivorous but can also eat small insects that can 
disseminate oocysts and mussels, which can accumulate oocysts [106, 107, 108]. Nutria and 
wild boar are thus particularly exposed to infection by T. gondii [109, 110]. Besides being 
potential source of T. gondii for scavengers, they constitute relevant species to monitor the 
burden of oocysts in the wild environment and to study factors associated with the dynamic 
of T. gondii infection. 

The relationship between feeding behaviour and T. gondii infection may also act within 
species: in a predator species for example, differences of feeding behaviour between genders 
can lead to a T. gondii infection higher in one group compared to others. In an insular 
population, male cats were more often infected than females, which may be related to the 
fact that males are heavier and may feed on lagomorphs more often than females, which 
prey mainly on small mammals [46].  

Beside species feeding ecology, wild-living populations also have a spatially and temporally 
structured risk. Like for rural populations (see 4), climatic and meteorological conditions are 
significant factors explaining the spatio-temporal variations of T. gondii in wild populations 
[111, 91, 90, 78, 112]. Another determinant factor is the proximity of agricultural activity: in 
Corsican wild boar, seroprevalence was highest in counties with high farm densities [91]. 
The presence of domestic cats, including farm cats or feral cats essentially living on 
predation, and wildcats and hybrid that may live close to rural areas [113], is probably an 
important factor explaining the connection between the wild and domestic life-cycles of T. 
gondii. Cats roaming into forest or rural landscape searching for preys may shed oocysts and 
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environmental conditions probably also act at a very local scale, for example to affect soil 
contamination in South-oriented versus North-oriented slopes, however this has not been 
studied. 

Within villages, the spatial organization of host populations leads to heterogeneities of T. 
gondii between central villages, farm areas and fields. In particular, farm buildings and their 
surroundings, which shelter both cats and IHs, constitute an important source of infection 
for the surrounding areas. The spatial distribution of cases around a pig farm [72], and a 
mathematical modelling approach [92] both confirmed that farms represent a source for the 
whole rural environment. Farms also represent a source of infection for the surrounding 
wild areas: in Corsica, the seroprevalence in wild boar increased with the density of farms in 
the county [91]. 

Finally, the dynamics of T. gondii is also variable among farms. As expected, the presence of 
cats often determines the risk of a farm being infected [93, 94], thus cat control is a key to the 
control of toxoplasmosis in farms [95], as well as rodent control [96]. Other factors reported 
to influence T. gondii prevalence are related to herd management: size and isolation of herd, 
presence of a water point, type of feeding [97, 93]. These factors represent interesting control 
points [96]. 

Overall, the rural environment, and in particular farms and their surroundings, are a major 
source of infection, including for other areas. In particular, rural areas and farms are the gate 
for T. gondii to circulate between the wild and domestic environments, thus their spatial 
distribution, management and level of biosecurity are determinant in the possibility for T. 
gondii to mix domestic and sylvatic cycles. 

5. A sylvatic cycle for T. gondii? 

Being able to infect many species, T. gondii is common in wildlife, both in DHs and IHs [2, 
98, 46, 1]. The question of a sylvatic cycle, and of whether such a cycle would be separated 
from the transmission in the domestic area, has been raised. A possible interpenetration 
between domestic and wild cycles would have important consequences for the management 
of T. gondii, since limiting the propagation of the parasite among domestic animals is only 
feasible if there is no major wild source. The main tools available to investigate this question 
are the analysis of genotypes that are present in both areas, and the understanding of 
transmission pathways through epidemiological surveys.  

However, the situation differs between temperate and tropical areas. Section 5.1 reviews the 
factors associated with T. gondii infection in wild animals in temperate areas, and assesses 
the risk of inter-transmission between domestic and wild cycles with its consequences in 
terms of zoonotic hazard, animal health and population dynamics of highly susceptible wild 
species. Section 5.2 shows that in Europe, and to a lesser extent in North America, strains 
found in wildlife are similar to local strains found in domestic animals and the environment. 
Finally, section 5.3 deals with the specific situation of tropical areas, where the separation 
between domestic and wild cycles is clearer than in the temperate areas. 
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is largely determined by life history traits, especially feeding behaviour. In birds, where T. 
gondii infection can be present at a high level in many wild birds without any clinical 
impact, exposure to T. gondii is highest in carnivorous species [99]. High T. gondii 
seroprevalence is also reported in large predator species as Lynx and the European wildcat 
[100, 101] which is of epidemiological significance because infected felids shed oocysts in the 
wild environment.  

Among non-carnivorous species, the risk of infection is related to the risk of encountering 
oocysts, thus to the level of contact with potentially contaminated soil. In rodents and 
lagomorphs, home-range size, energy requirements and life expectancy are all expected to 
be related to the probability to encounter T. gondii oocysts. As these traits are correlated to 
body size [102, 103, 104, 46], large rodents species are more often found positive than small 
ones [46]. Body size is thus a relevant indicator of prevalence in a given species, and also an 
indicator of the risk for predators to get infected by preying on that species. Finally, 
omnivores such as wild boar can acquire toxoplasmosis by incidentally ingesting infected 
rodents and mainly by rooting and feeding from soil contaminated with oocysts excreted by 
cats, as shown for other species with similar behaviour, e.g., poultry [105]. On the same way, 
nutria Myocastor coypus is a terrestrial herbivorous but can also eat small insects that can 
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wild boar are thus particularly exposed to infection by T. gondii [109, 110]. Besides being 
potential source of T. gondii for scavengers, they constitute relevant species to monitor the 
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The relationship between feeding behaviour and T. gondii infection may also act within 
species: in a predator species for example, differences of feeding behaviour between genders 
can lead to a T. gondii infection higher in one group compared to others. In an insular 
population, male cats were more often infected than females, which may be related to the 
fact that males are heavier and may feed on lagomorphs more often than females, which 
prey mainly on small mammals [46].  

Beside species feeding ecology, wild-living populations also have a spatially and temporally 
structured risk. Like for rural populations (see 4), climatic and meteorological conditions are 
significant factors explaining the spatio-temporal variations of T. gondii in wild populations 
[111, 91, 90, 78, 112]. Another determinant factor is the proximity of agricultural activity: in 
Corsican wild boar, seroprevalence was highest in counties with high farm densities [91]. 
The presence of domestic cats, including farm cats or feral cats essentially living on 
predation, and wildcats and hybrid that may live close to rural areas [113], is probably an 
important factor explaining the connection between the wild and domestic life-cycles of T. 
gondii. Cats roaming into forest or rural landscape searching for preys may shed oocysts and 
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contaminate the soil grazed by herbivorous or omnivorous IHs. The domestic-wild inter-
connection is thus expected to increase with the proportion of predatory cats in populations 
and their densities. This connection is also expected to increase with landscape 
fragmentation, which increases the surfaces where wild animals may come in contact with 
cats habitat. Generally, the level of anthropization is a relevant proxy for the presence of 
domestic cats and risk of toxoplasmosis in wild-living populations: in Sweden and Finland, 
the north-South gradient found in ungulates and hares, respectively, has been interpreted as 
the result of a declining presence of human settlements and cats in the North [74, 114, 115]. 
In Chile, the prevalence in American minks Neovison vison was highest at proximity of 
human settlements [116]. Finally, when wild-living cats are present, they constitute a strong 
determinant of T. gondii in wildlife: at the national level, T. gondii prevalence in French wild 
boar is high in the area of presence of the European wildcat Felis silvestris [90]; in Alaska, the 
prevalence of infection in herbivorous species reflects the distribution of lynx Felis canadensis 
in the area [117]. Here it is important to underline that, in order to find relevant explanatory 
spatial factors, these have to be measured at the appropriate scale. For example, farm 
density may not be an appropriate estimator of the domestic cat population when 
considered at the country level [90]. Similarly, as stated earlier (4.2.), oocyst survival 
depends on the conditions experienced by oocysts in their microenvironment, whose range 
can be lower than the home range of the studied host population, and also lower than the 
scale at which meteorological data are usually obtained [90]. The difficulty to obtain data at 
the right spatial scale may explain that some spatial patterns were not elucidated [118, 119]. 

On the other hand, the presence of cats or anthropized area is not the single way remote 
areas may be contaminated. Within the natural environment, long-distance dispersal of T. 
gondii is possible either as oocysts or cysts within IHs. An example of the first process is the 
contamination of marine mammals along the Northern Pacific American coast. Genetic as 
well as epidemiological studies suggest that southern sea otters Enhydra lutris nereis may be 
contaminated following fecal contamination of soil by domestic and wild felids flowing 
from land to sea through surface runoff, followed by the accumulation of oocysts in filter-
feeding marine invertebrates [120]. The dispersal of oocysts within the marine environment 
is poorly known, but Massie and al. [121] recently proposed that migratory filter-feeding 
fish, like northern anchovies Engraulis mordax and Pacific sardines Sardinops sagax, may 
spread T. gondii throughout the ocean. On the other hand, the long-distance dispersal of T. 
gondii within IHs may be illustrated in the case of the isolated archipelago of Svalbard, 
where cats are absent. In this area, arctic foxes were found to carry T. gondii, whereas 751 
grazing herbivores tested were all seronegative, indicating that contamination by oocysts is 
uncommon in the area. Prestrud et al. [122, 123] proposed that T. gondii may have been 
transported to arctic area by migratory birds.  

All these processes act to spread T. gondii from domestic to wild, and within the wild 
environment. A possible consequence of this large transmission is the threat on conservation 
efforts of highly susceptible species [124]. In most species, T. gondii infection is generally 
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unapparent, provoking only mild symptoms. However, a limited number of highly 
susceptible species have been discovered, in which T gondii infection leads to frequent 
clinical disease and mortality. Marsupials and New World monkeys, which have evolved 
largely separately from cats, are among the most vulnerable species [2, 125]. Fatal 
toxoplasmosis is also well-documented in hares (Lepus sp.), in northern Europe [114] and 
Japan [126]. Hares that die of toxoplasmosis are in general in a normal nutritional state and 
the disease is acute. The explanations for the failure to achieve equilibrium between the 
host and parasite mainly focus on the host characteristics: a possible lack of cellular 
immune response [127, 128], the negative impact of stress (food and diet disturbances, 
exposure to cold, concurrent infections) on the immune response of this species, or even 
the cumulative effect of immunosuppression induced by toxoplasmosis and stress [129] 
have been proposed. A clinical expression of toxoplasmosis is also observed in a felid, the 
Pallas' cats Otocolobus manul when raised in captivity [130, 131]. In fact, wild Pallas' cats 
have minimal opportunity for exposure to T. gondii in their isolated natural habitat in 
Central Asia and, typically, do not become infected with this parasite until being brought 
into captivity. This could explain their extreme susceptibility to toxoplasmosis [132], which 
could threaten conservation programs devoted to this species [133]. Although no specific 
case has been documented in the wild, T. gondii may threaten local wild-living populations, 
for example when new human settlements come in contact with isolated endangered 
populations. 

5.2. T. gondii strains in wildlife at temperate latitudes 

Despite the presence of a sexual cycle, T.gondii maintains a highly clonal population 
structure. The majority of isolates found belong to one of the three clonal lineages referred to 
as type I, II and III [134]. Recently, a fourth clonal lineage, called haplogroup 12, has been 
identified based on isolates from wildlife in the United States [135].  

In Europe, the majority of isolates from wildlife contain type II strains, with a few type III 
strains. From 26 T. gondii positive extracts from red fox Vulpes vulpes from Belgium 
submitted to a genotyping analysis with 15 microsatellite markers [136], 25 were type II and 
only one type III [137]. Similarly, using six loci microsatellite analysis, only type II strains 
were observed in 46 French isolates including 21 from wild boar [138], 12 from roe deer, 9 
from foxes, one from mouflon Ovis aries, red deer and mallard Anas platyrhynchos [139] and 
one from tawny owl Strix aluco [140]. Using the same molecular technique, Jokelainen et al. 
[141] also identified the clonal type II in 15 DNA extracts from hare (Lepus sp.) in Finland. In 
a recent study in Central and in Eastern Germany, Hermann et al. [87] determined the 
complete genotype has been determined for twelve samples tissues from red foxes, using 
nine PCR-RFLP markers. In addition to T. gondii clonal type II apico II and apico I, type III 
and T. gondii showing non-canonial allele pattern were observed. Interestingly, this study 
showed evidence of a mixed infection, as well as infection with a T. gondii genotype that 
may represent a recombination of T. gondii types II and III. 
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contaminate the soil grazed by herbivorous or omnivorous IHs. The domestic-wild inter-
connection is thus expected to increase with the proportion of predatory cats in populations 
and their densities. This connection is also expected to increase with landscape 
fragmentation, which increases the surfaces where wild animals may come in contact with 
cats habitat. Generally, the level of anthropization is a relevant proxy for the presence of 
domestic cats and risk of toxoplasmosis in wild-living populations: in Sweden and Finland, 
the north-South gradient found in ungulates and hares, respectively, has been interpreted as 
the result of a declining presence of human settlements and cats in the North [74, 114, 115]. 
In Chile, the prevalence in American minks Neovison vison was highest at proximity of 
human settlements [116]. Finally, when wild-living cats are present, they constitute a strong 
determinant of T. gondii in wildlife: at the national level, T. gondii prevalence in French wild 
boar is high in the area of presence of the European wildcat Felis silvestris [90]; in Alaska, the 
prevalence of infection in herbivorous species reflects the distribution of lynx Felis canadensis 
in the area [117]. Here it is important to underline that, in order to find relevant explanatory 
spatial factors, these have to be measured at the appropriate scale. For example, farm 
density may not be an appropriate estimator of the domestic cat population when 
considered at the country level [90]. Similarly, as stated earlier (4.2.), oocyst survival 
depends on the conditions experienced by oocysts in their microenvironment, whose range 
can be lower than the home range of the studied host population, and also lower than the 
scale at which meteorological data are usually obtained [90]. The difficulty to obtain data at 
the right spatial scale may explain that some spatial patterns were not elucidated [118, 119]. 

On the other hand, the presence of cats or anthropized area is not the single way remote 
areas may be contaminated. Within the natural environment, long-distance dispersal of T. 
gondii is possible either as oocysts or cysts within IHs. An example of the first process is the 
contamination of marine mammals along the Northern Pacific American coast. Genetic as 
well as epidemiological studies suggest that southern sea otters Enhydra lutris nereis may be 
contaminated following fecal contamination of soil by domestic and wild felids flowing 
from land to sea through surface runoff, followed by the accumulation of oocysts in filter-
feeding marine invertebrates [120]. The dispersal of oocysts within the marine environment 
is poorly known, but Massie and al. [121] recently proposed that migratory filter-feeding 
fish, like northern anchovies Engraulis mordax and Pacific sardines Sardinops sagax, may 
spread T. gondii throughout the ocean. On the other hand, the long-distance dispersal of T. 
gondii within IHs may be illustrated in the case of the isolated archipelago of Svalbard, 
where cats are absent. In this area, arctic foxes were found to carry T. gondii, whereas 751 
grazing herbivores tested were all seronegative, indicating that contamination by oocysts is 
uncommon in the area. Prestrud et al. [122, 123] proposed that T. gondii may have been 
transported to arctic area by migratory birds.  

All these processes act to spread T. gondii from domestic to wild, and within the wild 
environment. A possible consequence of this large transmission is the threat on conservation 
efforts of highly susceptible species [124]. In most species, T. gondii infection is generally 
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unapparent, provoking only mild symptoms. However, a limited number of highly 
susceptible species have been discovered, in which T gondii infection leads to frequent 
clinical disease and mortality. Marsupials and New World monkeys, which have evolved 
largely separately from cats, are among the most vulnerable species [2, 125]. Fatal 
toxoplasmosis is also well-documented in hares (Lepus sp.), in northern Europe [114] and 
Japan [126]. Hares that die of toxoplasmosis are in general in a normal nutritional state and 
the disease is acute. The explanations for the failure to achieve equilibrium between the 
host and parasite mainly focus on the host characteristics: a possible lack of cellular 
immune response [127, 128], the negative impact of stress (food and diet disturbances, 
exposure to cold, concurrent infections) on the immune response of this species, or even 
the cumulative effect of immunosuppression induced by toxoplasmosis and stress [129] 
have been proposed. A clinical expression of toxoplasmosis is also observed in a felid, the 
Pallas' cats Otocolobus manul when raised in captivity [130, 131]. In fact, wild Pallas' cats 
have minimal opportunity for exposure to T. gondii in their isolated natural habitat in 
Central Asia and, typically, do not become infected with this parasite until being brought 
into captivity. This could explain their extreme susceptibility to toxoplasmosis [132], which 
could threaten conservation programs devoted to this species [133]. Although no specific 
case has been documented in the wild, T. gondii may threaten local wild-living populations, 
for example when new human settlements come in contact with isolated endangered 
populations. 

5.2. T. gondii strains in wildlife at temperate latitudes 

Despite the presence of a sexual cycle, T.gondii maintains a highly clonal population 
structure. The majority of isolates found belong to one of the three clonal lineages referred to 
as type I, II and III [134]. Recently, a fourth clonal lineage, called haplogroup 12, has been 
identified based on isolates from wildlife in the United States [135].  

In Europe, the majority of isolates from wildlife contain type II strains, with a few type III 
strains. From 26 T. gondii positive extracts from red fox Vulpes vulpes from Belgium 
submitted to a genotyping analysis with 15 microsatellite markers [136], 25 were type II and 
only one type III [137]. Similarly, using six loci microsatellite analysis, only type II strains 
were observed in 46 French isolates including 21 from wild boar [138], 12 from roe deer, 9 
from foxes, one from mouflon Ovis aries, red deer and mallard Anas platyrhynchos [139] and 
one from tawny owl Strix aluco [140]. Using the same molecular technique, Jokelainen et al. 
[141] also identified the clonal type II in 15 DNA extracts from hare (Lepus sp.) in Finland. In 
a recent study in Central and in Eastern Germany, Hermann et al. [87] determined the 
complete genotype has been determined for twelve samples tissues from red foxes, using 
nine PCR-RFLP markers. In addition to T. gondii clonal type II apico II and apico I, type III 
and T. gondii showing non-canonial allele pattern were observed. Interestingly, this study 
showed evidence of a mixed infection, as well as infection with a T. gondii genotype that 
may represent a recombination of T. gondii types II and III. 
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Su et al. [142] developed a standardized restriction fragment length polymorphism (RFLP) 
typing scheme based on nine mostly unlinked nuclear genomic loci and one apicoplast 
marker. These markers enable one to distinguish the archetypal from atypical types. In 
addition, mixed strains in samples can be easily detected by these markers. Mixed infection 
of T. gondii strains in IHs has been previously reported [134, 143]. Detection of mixed 
infection is of particular interest in epidemiological studies. For genetic exchange, the DH 
must ingest different types of parasites from their prey at nearly the same time. The 
frequency of mixed infections in IHs is a relevant indicator of the likelihood of the genetic 
exchange to occur in the field. In Svalbard, a Norvegian arctic archipelago, 55 artic foxes 
Vulpes lagopus were found infected with T. gondii: 27 (49.1%) harboured clonal type II (17/27 
were apico I and 10/27 apico II) and four (7.3%) had clonal type III [123]. Strains from 22 
foxes (40%) could not be fully genotyped, but two (3.6%) shared more than one allele at a 
given locus. Again, the most prevalent genotype in this study was clonal type II (with apico 
alleles I and II) with a few types III genotypes.  

It is noteworthy that type II is also the dominant type in domestic mammals in Europe. For 
instance, Dumètre et al. [144] showed by multilocus microsatellite analysis the 
predominance of type II in sheep, which has also been previously described in humans. In 
the same way, Halos et al. [145] analysed 433 hearts of sheep by using PCR-restriction 
fragment length polymorphism and microsatellite markers on parasites isolated after 
bioassay in mice. All 46 genotypes belonged to type II, except for one strain from the 
Pyrenees mountains area, which belonged to genotype III, which is the first non-type II 
genotype found in sheep in Europe [146], Denmark [147] and France [144]. This similarity 
between strains found in wildlife and domestic species in Europe suggests that no clear 
separation exists between the two cycles. 

In North America, strains of T. gondii are more diverse. A recent study [148] analysed 169 T. 
gondii isolates from various wildlife species including DHs and IHs, and revealed the large 
dominance of a recently designated fourth clonal type, called type 12, followed by the type 
II and III lineages. These three major lineages accounted for 85% of strains from wildlife in 
North America [148]. The strains isolated from wildlife in North America are thus more 
diverse, but may also be more different from strains found in the domestic environment 
than in Europe. Although type 12 has been identified from pigs and sheep in the USA, it 
may be more specifically found in wildlife [135]. The relative high diversity in T. gondii 
genotypes isolated from wildlife samples compared to those from domestic animals raised 
the question as to whether distinct gene pools exist for domestic and sylvatic hosts [149]. 

5.3. The wild environment in tropical areas 

The wild environment in tropical areas is still characterized by high fauna diversity, and 
large areas preserved from influence of humans and of domesticated animals, including 
cats. Studies on T. gondii seroprevalence conducted on tropical wild animals, mainly in 
South America, show the wide circulation of T. gondii in the wild environment of these 
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countries. As in temperate climate [150], the prevalence of T. gondii infection was higher in 
carnivorous or carrion-eaters, or those that accidentally consume oocysts while foraging for 
food on the ground than in arboreal animals [151]. It was also remarkably high in aquatic 
mammals such as free-living Amazon River dolphins Inia geoffrensis [152]. Remote human 
population living in wild environment may also exhibit high seroprevalence level for T. 
gondii infection, for example 60.4% in Amerindian tribes [153] or 38.9% in Pygmies from 
Central Africa [154]. As domestic cats are generally absent from this environment, wild 
felids are the main source of water and soil contamination. Thirty-nine species of felids have 
been described, of which 20 live in humid tropical areas [155, 156]. The capacity of oocyst 
excretion has been demonstrated in captivity, and high seroprevalences were found on free-
living felids [157]. In captive Neotropical felids from Southern Brazil, wild-caught felids 
were three-times more likely to be infected when compared to zoo-born animals [158]. The 
different species of wild felids varied in home range and resource requirements, but they 
generally have larger hunting areas and dietary intake than domestic cats, especially the 
largest ones [159]. This could result in a high opportunity to ingest T. gondii infected preys. 
So, despite the fact that the ecology of T. gondii in the wild tropical environment has been 
poorly studied, the different behaviour of wild felids compared to that of domestic cats and 
the number of possible IHs suggest a complex ecology of this parasite in this environment 
leading to a high genetic diversity [160].  

This high genetic diversity in tropical wild-life in connection with a sylvatic life cycle has 
been firstly evoked in French Guiana where severe cases of human toxoplasmosis were 
detected after eating Amazonian undercooked game or drinking untreated river water [161, 
162, 163]. These cases were due to highly atypical strains, all with unique genotype, as 
determined by microsatellite analysis [164]. The difference between these strains acquired 
from the Amazonian environment and strains from the anthropized environment of French 
Guiana was further documented by strain sampling in animals from the different 
compartments [165]. 

Compared to the strains of the anthropized environment, the “wild” strains from the 
Amazonian rainforest in the Guianas exhibited a remarkably high genetic diversity [162, 
164, 165]. Whereas the majority of strains from the adjacent anthropized environment are 
clustered into a few widespread lineages, the “wild” population of strains does not exhibit 
any clear genetic clustering/structure nor any linkage disequilibrium, supporting the 
hypothesis of an important circulation and mixing in this environment. This could be 
connected to the high level of biodiversity in Amazonian neotropical rainforest. This 
biodiversity concerns the different protagonists of T. gondii life cycle (DH, IH and 
environment). This part of the world may be considered as one of the most important 
hotspot of diversity with at least 183 mammal species, including 8 of thirty nine known wild 
felid species, and 718 bird species in French Guiana [165]. The corresponding high level of 
diversity among T. gondii strains may reflect the “natural” population structure of this 
parasite (before the time of domestication of cats and development of farming) within the 
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Su et al. [142] developed a standardized restriction fragment length polymorphism (RFLP) 
typing scheme based on nine mostly unlinked nuclear genomic loci and one apicoplast 
marker. These markers enable one to distinguish the archetypal from atypical types. In 
addition, mixed strains in samples can be easily detected by these markers. Mixed infection 
of T. gondii strains in IHs has been previously reported [134, 143]. Detection of mixed 
infection is of particular interest in epidemiological studies. For genetic exchange, the DH 
must ingest different types of parasites from their prey at nearly the same time. The 
frequency of mixed infections in IHs is a relevant indicator of the likelihood of the genetic 
exchange to occur in the field. In Svalbard, a Norvegian arctic archipelago, 55 artic foxes 
Vulpes lagopus were found infected with T. gondii: 27 (49.1%) harboured clonal type II (17/27 
were apico I and 10/27 apico II) and four (7.3%) had clonal type III [123]. Strains from 22 
foxes (40%) could not be fully genotyped, but two (3.6%) shared more than one allele at a 
given locus. Again, the most prevalent genotype in this study was clonal type II (with apico 
alleles I and II) with a few types III genotypes.  

It is noteworthy that type II is also the dominant type in domestic mammals in Europe. For 
instance, Dumètre et al. [144] showed by multilocus microsatellite analysis the 
predominance of type II in sheep, which has also been previously described in humans. In 
the same way, Halos et al. [145] analysed 433 hearts of sheep by using PCR-restriction 
fragment length polymorphism and microsatellite markers on parasites isolated after 
bioassay in mice. All 46 genotypes belonged to type II, except for one strain from the 
Pyrenees mountains area, which belonged to genotype III, which is the first non-type II 
genotype found in sheep in Europe [146], Denmark [147] and France [144]. This similarity 
between strains found in wildlife and domestic species in Europe suggests that no clear 
separation exists between the two cycles. 

In North America, strains of T. gondii are more diverse. A recent study [148] analysed 169 T. 
gondii isolates from various wildlife species including DHs and IHs, and revealed the large 
dominance of a recently designated fourth clonal type, called type 12, followed by the type 
II and III lineages. These three major lineages accounted for 85% of strains from wildlife in 
North America [148]. The strains isolated from wildlife in North America are thus more 
diverse, but may also be more different from strains found in the domestic environment 
than in Europe. Although type 12 has been identified from pigs and sheep in the USA, it 
may be more specifically found in wildlife [135]. The relative high diversity in T. gondii 
genotypes isolated from wildlife samples compared to those from domestic animals raised 
the question as to whether distinct gene pools exist for domestic and sylvatic hosts [149]. 

5.3. The wild environment in tropical areas 

The wild environment in tropical areas is still characterized by high fauna diversity, and 
large areas preserved from influence of humans and of domesticated animals, including 
cats. Studies on T. gondii seroprevalence conducted on tropical wild animals, mainly in 
South America, show the wide circulation of T. gondii in the wild environment of these 
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countries. As in temperate climate [150], the prevalence of T. gondii infection was higher in 
carnivorous or carrion-eaters, or those that accidentally consume oocysts while foraging for 
food on the ground than in arboreal animals [151]. It was also remarkably high in aquatic 
mammals such as free-living Amazon River dolphins Inia geoffrensis [152]. Remote human 
population living in wild environment may also exhibit high seroprevalence level for T. 
gondii infection, for example 60.4% in Amerindian tribes [153] or 38.9% in Pygmies from 
Central Africa [154]. As domestic cats are generally absent from this environment, wild 
felids are the main source of water and soil contamination. Thirty-nine species of felids have 
been described, of which 20 live in humid tropical areas [155, 156]. The capacity of oocyst 
excretion has been demonstrated in captivity, and high seroprevalences were found on free-
living felids [157]. In captive Neotropical felids from Southern Brazil, wild-caught felids 
were three-times more likely to be infected when compared to zoo-born animals [158]. The 
different species of wild felids varied in home range and resource requirements, but they 
generally have larger hunting areas and dietary intake than domestic cats, especially the 
largest ones [159]. This could result in a high opportunity to ingest T. gondii infected preys. 
So, despite the fact that the ecology of T. gondii in the wild tropical environment has been 
poorly studied, the different behaviour of wild felids compared to that of domestic cats and 
the number of possible IHs suggest a complex ecology of this parasite in this environment 
leading to a high genetic diversity [160].  

This high genetic diversity in tropical wild-life in connection with a sylvatic life cycle has 
been firstly evoked in French Guiana where severe cases of human toxoplasmosis were 
detected after eating Amazonian undercooked game or drinking untreated river water [161, 
162, 163]. These cases were due to highly atypical strains, all with unique genotype, as 
determined by microsatellite analysis [164]. The difference between these strains acquired 
from the Amazonian environment and strains from the anthropized environment of French 
Guiana was further documented by strain sampling in animals from the different 
compartments [165]. 

Compared to the strains of the anthropized environment, the “wild” strains from the 
Amazonian rainforest in the Guianas exhibited a remarkably high genetic diversity [162, 
164, 165]. Whereas the majority of strains from the adjacent anthropized environment are 
clustered into a few widespread lineages, the “wild” population of strains does not exhibit 
any clear genetic clustering/structure nor any linkage disequilibrium, supporting the 
hypothesis of an important circulation and mixing in this environment. This could be 
connected to the high level of biodiversity in Amazonian neotropical rainforest. This 
biodiversity concerns the different protagonists of T. gondii life cycle (DH, IH and 
environment). This part of the world may be considered as one of the most important 
hotspot of diversity with at least 183 mammal species, including 8 of thirty nine known wild 
felid species, and 718 bird species in French Guiana [165]. The corresponding high level of 
diversity among T. gondii strains may reflect the “natural” population structure of this 
parasite (before the time of domestication of cats and development of farming) within the 
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true complexity of less disturbed ecosystems. The relative richness of potential hosts that 
exists within the tropics may have resulted in a correspondingly more diverse range of 
genotypes of the parasite that can co-exist in such an environment. Under this hypothesis, T. 
gondii would have developed a plurality of alleles to increase its colonization potential [160, 
162]. In addition, the larger home ranges of wild felids compared to domestic cats can also 
strongly influence hybridization patterns and gene flow of the parasite and thus the genetic 
structure of pathogen populations. The high prevalence in IHs, added to wild felid ecology 
(diet and home range), could suggest that DHs are more frequently infected by multiple T. 
gondii genotypes, which then cross and recombine before transmission to a new IH. The 
possibility of reinfection by different strains is known for humans [166]. It has never been 
explored for felids, but may be hypothesized as another source of increasing diversity. 

Most tropical countries are also characterized by an ongoing anthropization with 
development of farming and settlement in deforested areas. At the confluence between the 
two environments, wild animals may penetrate in anthropized areas and domestic animals 
come in contact with the wild through wild game, soil or running water. The increasing 
pressure of anthropization reduces the hunting area of wild carnivores, including felids and 
favours their penetration in domestic area. The predatory activity of wild felines or stray 
cats around these disturbed environments (consumption of chickens, dogs, cats…) would 
ensure gene flow between the two populations of strains. The consequences of this 
interpenetration in terms of T. gondii genotypes are diverse: (i) detection of T. gondii strains 
with “hybrid” genotypes between the “wild” population and the anthropized population 
reflecting genetic exchanges, (ii) strains from the wild environment found in domestic 
animals, such as stray dogs, or (iii), on the opposite, strains from the anthropized 
environment found in wild animals [165]. In parallel, the influence of human activities with 
urbanization, fragmentation of landscape, deforested areas, farming, domestication of cats 
and other animals, modifies T. gondii ecology reducing the number of ecological niches. This 
process favours an impoverishment of T. gondii genetic diversity with the selection of a few 
strains well adapted to a small number of domestic species [167, 168]. Transportation of 
these strains through large distances by human trade exchange and transportation of 
animals lead to introduction of domestic strains in the wild environment and occasionally to 
expansion of clonal lineages. In tropical countries, this is evidenced by the so-called 
Caribbean genotypes found in the anthropized areas of French Guiana and in several 
Caribbean Islands, or in Africa, where the same African lineages were found in different 
countries [169, 170, 171]. 

Finally, the dynamics of T. gondii in wildlife and its interaction with domestic areas show a 
contrasted pattern. In most European countries, due to the large anthropization, any wild-
living individual lives relatively close to domestic areas. Farming and cat domestication 
occurred long time ago. Farms constitute the reservoir of infection, from which a few 
genotypes adapted to farm species irradiate in the surrounding environment [72]. This 
could explain the widespread occurrence of only a few well adapted clonal lineages (types II 
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and III) even in wild animals. In other temperate or cold countries, such as the U.S.A. or 
Canada where large territories are non-anthropized, the genotypic diversity of T. gondii in 
the wild animals is present [148, 149, 172]. The diversity is maximal in tropical areas, due to 
high host diversity and large non-anthropized areas. Thus the risk of transmission of 
toxoplasmosis from wildlife has not the same consequences everywhere. In tropical areas, 
specific “wild” strains may be transmitted, thus the transmission risk is relatively easy to 
characterize through strain genotyping, while in Europe, a case of infection acquired from 
wildlife would pass unnoticed due to the similarity of strains. The risk of infection from 
wildlife may be analyzed through genotyping strains in tropical areas, but through 
epidemiological surveys in Europe. 

6. Conclusion: consequences for the management of zoonotic 
transmission 

Like other IHs, humans can be infected either by cysts containing bradyzoits, or by oocysts 
of T. gondii. Tissue cysts are responsible for meat-borne infection (pork, lamb, beef or 
poultry are possible source of contamination), while sporulated oocysts lead to infection by 
ingesting particles of soil (after gardening for example) or by consuming unwashed raw 
fruits or vegetables, or untreated water [2, 145, 173, 174, 175]. However, the crucial question 
of the relative part of risk related to bradyzoits versus oocysts remains open. Different 
approaches have been used to estimate the relative importance of sources of contamination, 
using risk-factor analyses or estimation of the fraction of attributable risk, either in the 
general population (chronic infection) or in cases of seroconversion in pregnant women. 
These studies clearly identified the ingestion of undercooked meat as a risk factor [7, 13, 173, 
176]. However, this result is probably partly due to this risk being easier to characterize than 
the risk due to oocysts. Another way to get an idea of the relative part of risk related to cysts 
or oocysts is to undertake a quantitative assessment of the risk of toxoplasmosis [177]. 
Recently, in the Netherlands, Opsteegh et al. performed a quantitative microbial risk 
assessment (QMRA) for meat-borne toxoplasmosis, which predicted high numbers of 
infections per year. The study also demonstrated that, even with a low prevalence of 
infection in cattle, consumption of beef constitutes an important source of infection [178]. 
However, the risk assessment remains limited by the lack of detailed information on which 
fraction of meat is more contaminated in carcass: although seroprevalences are available for 
farm animals from many countries [2], the correlation between seropositivity and detection 
of parasites in meat is weak. In terms of veterinary medicine, there is no surveillance system 
for animal toxoplasmosis and only cases of abortions (due to T. gondii or other causes) have 
to be declared. The meat-borne risk analysis is also limited by the low level of information 
on the food cooking practices, and on the contamination of species consumed less often, 
such as game [90, 91, 78]. 

Up to now, the risk analyses essentially used information on, and produced estimates about, 
meat-borne toxoplasmosis. These studies permitted to identify control points for the 



 
Toxoplasmosis – Recent Advances 20 

true complexity of less disturbed ecosystems. The relative richness of potential hosts that 
exists within the tropics may have resulted in a correspondingly more diverse range of 
genotypes of the parasite that can co-exist in such an environment. Under this hypothesis, T. 
gondii would have developed a plurality of alleles to increase its colonization potential [160, 
162]. In addition, the larger home ranges of wild felids compared to domestic cats can also 
strongly influence hybridization patterns and gene flow of the parasite and thus the genetic 
structure of pathogen populations. The high prevalence in IHs, added to wild felid ecology 
(diet and home range), could suggest that DHs are more frequently infected by multiple T. 
gondii genotypes, which then cross and recombine before transmission to a new IH. The 
possibility of reinfection by different strains is known for humans [166]. It has never been 
explored for felids, but may be hypothesized as another source of increasing diversity. 
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development of farming and settlement in deforested areas. At the confluence between the 
two environments, wild animals may penetrate in anthropized areas and domestic animals 
come in contact with the wild through wild game, soil or running water. The increasing 
pressure of anthropization reduces the hunting area of wild carnivores, including felids and 
favours their penetration in domestic area. The predatory activity of wild felines or stray 
cats around these disturbed environments (consumption of chickens, dogs, cats…) would 
ensure gene flow between the two populations of strains. The consequences of this 
interpenetration in terms of T. gondii genotypes are diverse: (i) detection of T. gondii strains 
with “hybrid” genotypes between the “wild” population and the anthropized population 
reflecting genetic exchanges, (ii) strains from the wild environment found in domestic 
animals, such as stray dogs, or (iii), on the opposite, strains from the anthropized 
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strains well adapted to a small number of domestic species [167, 168]. Transportation of 
these strains through large distances by human trade exchange and transportation of 
animals lead to introduction of domestic strains in the wild environment and occasionally to 
expansion of clonal lineages. In tropical countries, this is evidenced by the so-called 
Caribbean genotypes found in the anthropized areas of French Guiana and in several 
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countries [169, 170, 171]. 
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and III) even in wild animals. In other temperate or cold countries, such as the U.S.A. or 
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specific “wild” strains may be transmitted, thus the transmission risk is relatively easy to 
characterize through strain genotyping, while in Europe, a case of infection acquired from 
wildlife would pass unnoticed due to the similarity of strains. The risk of infection from 
wildlife may be analyzed through genotyping strains in tropical areas, but through 
epidemiological surveys in Europe. 

6. Conclusion: consequences for the management of zoonotic 
transmission 

Like other IHs, humans can be infected either by cysts containing bradyzoits, or by oocysts 
of T. gondii. Tissue cysts are responsible for meat-borne infection (pork, lamb, beef or 
poultry are possible source of contamination), while sporulated oocysts lead to infection by 
ingesting particles of soil (after gardening for example) or by consuming unwashed raw 
fruits or vegetables, or untreated water [2, 145, 173, 174, 175]. However, the crucial question 
of the relative part of risk related to bradyzoits versus oocysts remains open. Different 
approaches have been used to estimate the relative importance of sources of contamination, 
using risk-factor analyses or estimation of the fraction of attributable risk, either in the 
general population (chronic infection) or in cases of seroconversion in pregnant women. 
These studies clearly identified the ingestion of undercooked meat as a risk factor [7, 13, 173, 
176]. However, this result is probably partly due to this risk being easier to characterize than 
the risk due to oocysts. Another way to get an idea of the relative part of risk related to cysts 
or oocysts is to undertake a quantitative assessment of the risk of toxoplasmosis [177]. 
Recently, in the Netherlands, Opsteegh et al. performed a quantitative microbial risk 
assessment (QMRA) for meat-borne toxoplasmosis, which predicted high numbers of 
infections per year. The study also demonstrated that, even with a low prevalence of 
infection in cattle, consumption of beef constitutes an important source of infection [178]. 
However, the risk assessment remains limited by the lack of detailed information on which 
fraction of meat is more contaminated in carcass: although seroprevalences are available for 
farm animals from many countries [2], the correlation between seropositivity and detection 
of parasites in meat is weak. In terms of veterinary medicine, there is no surveillance system 
for animal toxoplasmosis and only cases of abortions (due to T. gondii or other causes) have 
to be declared. The meat-borne risk analysis is also limited by the low level of information 
on the food cooking practices, and on the contamination of species consumed less often, 
such as game [90, 91, 78]. 

Up to now, the risk analyses essentially used information on, and produced estimates about, 
meat-borne toxoplasmosis. These studies permitted to identify control points for the 
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management of meat-producing animals. For example, in intensively managed swine farms, 
modern biosecure management practices have resulted in reduced levels of infection in 
swine raised in confinement [96, 179, 180]. In organic livestock production systems, farm-
management factors including feeding are thought to play an important role in the on-farm 
prevalence of T. gondii [181]. To limit T. gondii infection in such farms, recommended 
practices include exclusion of cats or other wildlife, strict rodent control and restriction of 
human entry in pig barns [182]. These measures could be effective in other species to reduce 
the level of contamination of meat. On the contrary, organic pork meat may pose a specific 
risk of transmitting T. gondii to humans [183]. However, due to the capacity of dissemination 
of T. gondii, the objective of a completely T. gondii-free meat seems difficult, but feasible 
using pre-harvest measures for prevention of T. gondii infection [184]. 

On the other hand, working to reduce the level of infection in meat does not act on the risk 
of toxoplasmosis due to direct contact with oocysts, which stays largely unknown and 
unmanaged. Limiting the level of contamination in meat may even result in the increase of 
the relative risk due to oocysts. The importance of oocysts in the overall contamination rate 
remains difficult to assess, due to the lack of information on the level of environmental 
contamination and to the difficulty to characterize the level of contact of people with 
contaminated areas. In this framework, a better knowledge of the life cycle of T. gondii in its 
natural environment should help to characterize the risk due to oocysts. For example, the 
estimates provided in Table 1 give an order of magnitude of the expected differences 
between environments. Moreover, two recent methodological advances should improve our 
knowledge of environmental contamination. First, new methods to detect oocysts in soil 
[185] and water [186, 187, 188] have been proposed, based on molecular detection or 
immunocapture. Being highly sensitive, these methods should allow researchers to better 
characterize areas and periods at risk of contamination. A few studies have already 
measured the level of soil and water contamination [50, 68, 189]. These studies confirmed 
that the risk in urban areas is spatially structured at the very local scale, and they should 
help to identify areas most contaminated in other environments. The second useful tool that 
should bring relevant information is the development of methods to detect antibodies 
specifically linked to infection by oocysts [190]. This test, based on western blot assay 
detecting for IgG positive serums antibodies to sporozoites, allowed the authors to 
determine the proportion of cases that had contacts with oocysts in Chile, both in humans 
[191] and in swine [192]. In North America, a survey using this method shows that a high 
proportion of mothers of congenitally infected infants had primary infection with oocysts 
[193]. 

These new analytical tools should help to identify the origin of contamination, and thus 
solve several fundamental and practical questions regarding T. gondii life cycle. For 
example, estimating the frequency of infection from oocysts in cats of urban and rural area 
should help to estimate the part of the DH-environment life cycle in different environments. 
In people, these tools should help to assess if the relative role of oocyst and meat-born 
infection varies according to the area (urban versus rural populations for example). In such 
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case, prevention measures should focus on specific aspects depending on the exposure of 
people. These elements should help to reduce the burden of toxoplasmosis in human and 
animal populations.  
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management of meat-producing animals. For example, in intensively managed swine farms, 
modern biosecure management practices have resulted in reduced levels of infection in 
swine raised in confinement [96, 179, 180]. In organic livestock production systems, farm-
management factors including feeding are thought to play an important role in the on-farm 
prevalence of T. gondii [181]. To limit T. gondii infection in such farms, recommended 
practices include exclusion of cats or other wildlife, strict rodent control and restriction of 
human entry in pig barns [182]. These measures could be effective in other species to reduce 
the level of contamination of meat. On the contrary, organic pork meat may pose a specific 
risk of transmitting T. gondii to humans [183]. However, due to the capacity of dissemination 
of T. gondii, the objective of a completely T. gondii-free meat seems difficult, but feasible 
using pre-harvest measures for prevention of T. gondii infection [184]. 

On the other hand, working to reduce the level of infection in meat does not act on the risk 
of toxoplasmosis due to direct contact with oocysts, which stays largely unknown and 
unmanaged. Limiting the level of contamination in meat may even result in the increase of 
the relative risk due to oocysts. The importance of oocysts in the overall contamination rate 
remains difficult to assess, due to the lack of information on the level of environmental 
contamination and to the difficulty to characterize the level of contact of people with 
contaminated areas. In this framework, a better knowledge of the life cycle of T. gondii in its 
natural environment should help to characterize the risk due to oocysts. For example, the 
estimates provided in Table 1 give an order of magnitude of the expected differences 
between environments. Moreover, two recent methodological advances should improve our 
knowledge of environmental contamination. First, new methods to detect oocysts in soil 
[185] and water [186, 187, 188] have been proposed, based on molecular detection or 
immunocapture. Being highly sensitive, these methods should allow researchers to better 
characterize areas and periods at risk of contamination. A few studies have already 
measured the level of soil and water contamination [50, 68, 189]. These studies confirmed 
that the risk in urban areas is spatially structured at the very local scale, and they should 
help to identify areas most contaminated in other environments. The second useful tool that 
should bring relevant information is the development of methods to detect antibodies 
specifically linked to infection by oocysts [190]. This test, based on western blot assay 
detecting for IgG positive serums antibodies to sporozoites, allowed the authors to 
determine the proportion of cases that had contacts with oocysts in Chile, both in humans 
[191] and in swine [192]. In North America, a survey using this method shows that a high 
proportion of mothers of congenitally infected infants had primary infection with oocysts 
[193]. 

These new analytical tools should help to identify the origin of contamination, and thus 
solve several fundamental and practical questions regarding T. gondii life cycle. For 
example, estimating the frequency of infection from oocysts in cats of urban and rural area 
should help to estimate the part of the DH-environment life cycle in different environments. 
In people, these tools should help to assess if the relative role of oocyst and meat-born 
infection varies according to the area (urban versus rural populations for example). In such 
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case, prevention measures should focus on specific aspects depending on the exposure of 
people. These elements should help to reduce the burden of toxoplasmosis in human and 
animal populations.  
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1. Introduction 

Toxoplasmosis is a globally distributed parasitic zoonosis. Cats and other Felidae are the 
definitive host of the Toxoplasma gondii parasite, in whose intestines the sexual cycle takes 
place, and they are the primary source of infection to all animals including humans, by way 
of contaminating the environment with oocysts excreted in the feces (Dubey, 2010). 
Herbivores are infected by ingestion of food and water contaminated by oocysts, and 
carnivores by eating tissue cysts present in the flesh of infected animals. Omnivores 
including humans are infected by both routes – by oocysts via improperly washed 
vegetables or fruits, contaminated water or hands, and by tissue cysts via improperly 
processed or raw meat. Vertical transmission, from mother to offspring, may occur, and is 
the cause of congenital toxoplasmosis (CT). CT is actually the major T. gondii-induced 
clinical entity, which, along with opportunistic infection in immunocompromised patients, 
defines the clinical significance of toxoplasmosis. The gravity of the potential consequences 
of CT on the one hand, and the preventability of the disease on the other, call for 
implementation of prevention programs. A prerequisite for an adequate choice of 
prevention strategy is continuous monitoring of the local epidemiological situation. 

This chapter reviews the epidemiology and epizootiology of T. gondii infection in South-East 
Europe (SEE). SEE is here considered as the territory comprising the Balkan Peninsula (35° – 
46°53' N latitude, 13°23' – 30° E longitude), bordered by the Adriatic Sea to the west, the 
Mediterranean Sea to the south, the Black Sea to the east and the rivers Sava and Danube to 
the north, encompassing the countries descending from ex-Yugoslavia including Slovenia, 
Croatia, Bosnia & Herzegovina, Serbia, Montenegro and FYR of Macedonia (FYRoM), as 
well as Albania, Bulgaria and mainland Greece. Most of the area is mountainous, while the 
climate varies from Mediterranean to moderate. The whole region has a combined area of 
550,000 km2 and a population of 55 million. 
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2. Epidemiology of toxoplasmosis in SEE 

We analysed epidemiological data published in the last 20 years for all SEE countries except 
Bulgaria and Bosnia & Herzegovina for which none were available. Data in the published 
reports were obtained using a wide array of immunodiagnostic assays which may 
somewhat limit comparisons. Indeed, the tests in use have varied over time both among and 
within individual countries, and included the Sabin-Feldman test (SFT), complement 
fixation test (CFT), indirect fluorescence (IFAT) to direct agglutination (DA) and ELISA, 
whether in-house or commercial; the latter ones were obtained from various manufacturers. 
However, this limitation applies to any such review (Gilbert & Peckham, 2002), and 
moreover, the pattern of infection observed in the region despite the variety of tests with 
their different specificities, sensitivities, cut-offs etc., rather emphasizes the described trends. 

The vast majority of epidemiological data on toxoplasmosis in SEE comes from studies in 
women of generative age, and a few from studies in immunocompromised patients.   

2.1. Toxoplasmosis in generative age women 

Data on the prevalence of T. gondii infection in SEE countries are presented in Figure 1. In 
the last ten years, the prevalence has not surpassed 50% anywhere in the region, ranging 
from 20% in Greece (Diza et al., 2005) to 49% in Albania (Maggi et al., 2009). Wide 
differences in the prevalence of infection are generally characteristic of Europe, since the 
infection prevalence is currently ranging from 8.2% in Switzerland (Lausanne and Geneva) 
(Zufferey et al., 2007) to 57.6% in Timisoara-Romania (Olariu et al., 2008). Differences in the 
prevalence of T. gondii infection are commonly explained by differences in life-style habits 
pertaining to risk factors for transmission in particular milieus. Not many studies on 
infection risk factors have been published in SEE countries, but those available identified 
consumption of undercooked meat as the leading risk factor for transmission in Serbia and, 
more recently, in Albania (Bobić et al., 1998; 2003; 2007; Maggi et al., 2009), and contact with 
soil in northern Greece and FYRoM (Decavalas et al., 1990; Diza et al., 2005; Cvetković et al., 
2010). Exposure to soil was also considered to account for the higher prevalence of infection 
in rural vs. urban women in Croatia.  

Continuous monitoring of the prevalence of T. gondii infection in women of childbearing age 
in Slovenia, Serbia and Greece has showed a significant decrease in the infection prevalence 
since the eighties onwards. The largest decrease, from 86% in 1988 to 31% in 2007 (Bobić et 
al., 2003; 2007), was noted in Serbia. Furthermore, a trend of decreasing prevalence has been 
shown during the last decade in FYRoM, from 25% in 2002 to 20% in 2005 (Cvetković et al., 
2003; 2010) and in Montenegro, a rather dramatic one, from 41% in 2001 to 27% in 2007 
(Mišković et al., 2003; Rajković & Vratnica, 2008). These data suggest that a decrease in the 
prevalence is a region-wide feature (Fig. 1). 

A decreasing trend of T. gondii infection prevalence noted in the SEE region is obviously 
part of a Europe-wide changing pattern of T. gondii infection over the last 30 years (Aspöck 
& Pollak, 1992; Nowakowska et al., 2006; Berger et al., 2009). Many factors have contributed  
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Figure 1. Prevalence of Toxoplasma gondii infection in generative age women in South-East Europe 
countries (1984-2009) 

to such a change, including increased public awareness as a result of health education, better 
hygiene on livestock farms, and more frequent use of frozen meat. However, according to 
the SEE data, the listed factors seem not to be exhaustive; although better farming 
conditions along with the increased consumption of frozen meat (freezers now present in 
most households) may have contributed to a decrease in the infection prevalence in Serbia 
and Albania, a decreasing trend was also noted in FYRoM and Greece where consumption 
of undercooked meat was not found to be a risk factor.  

It appears that, according to reports from the eastern part of the region, there is a north-to-
south decrease in the infection prevalence (Table 1). For instance, in 1994, the prevalence 
ranged from 69% in southern Hungary (as a region neighbouring the SEE to the north) 
(Szénási et al., 1997), over 53% in Serbia (Bobić et al., 2003) to 26% in northern Greece (Diza 
et al., 2005). This trend was also evident within SEE in all years for which comparative data 
were available (2002: Serbia 36%, FYRoM 25%; 2004: Serbia 32%, Northern Greece 20%; 2007: 
Serbia 31%, Northern Greece 21%) (Cvetković et al., 2003; Diza et al., 2005; Bobić et al., 2007; 
Kansouzidou et al., 2008; Bobić et al., 2011). Moreover, a significant north-to-south decrease 
in the infection prevalence was also shown within Serbia itself (Bobić et al., 2003). The north-
to-south decrease in the prevalence of infection within SEE suggests a possible influence of 
climatic conditions, which vary across the region from continental to Mediterranean, and 
over time as well.  
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Year South Hungary Serbia FYR Macedonia Northern Greece 
1991 73% (1) 69% (2)   
1992 70% (1) 75% (2)   
1993 64% (1) 58% (2)   
1994 69% (1) 53% (2)  26% (6) 
2002  36% (3) 25% (4)  
2004  32% (3) 20%  (5) 20% (6) 
2007  31% (8)  21% (7) 

1) Szénási et al., 1997; 2) Bobić et al., 1997; 3) Bobić et al., 2007; 4) Cvetković et al., 2003; 5) Cvetković et al., 2010; 6) Diza 
et al., 2005; 7) Kansouzidou et al., 2008; 8) Bobić et al., 2011 

Table 1. Decrease of prevalence of Toxoplasma gondii infection from North to South in three SEE countries  

Seasonality of infection was examined in Slovenia (Logar et al., 2005) in the west and Serbia 
(Bobić et al., 2010) in the east. Both studies showed a strong seasonality, with significantly 
more cases of acute infection in the winter than in the summer months (Fig. 2). In Slovenia, 
seasonality of infection was attributed to "more frequent and closer contacts with potentially 
T. gondii infected cats, which prefer to stay indoors during this period” (Logar et al., 2005). 
In contrast, more cases of acute infection in the winter in Serbia were explained by a higher 
influence of undercooked meat consumption in the winter period (Bobić et al., 2010). 

 
Figure 2. Seasonality of Toxoplasma gondii infection in Slovenia (1999-2004) and Serbia (2004-2008) 
(Logar et al., 2005; Bobić et al., 2010) 

Accordingly, the decrease in the prevalence of T. gondii infection in the SEE seems 
independent of the varying influence of risk factors for infection transmission throughout 
the region. However, this may prove not to be entirely true, as the above analysis was based 
on the limited data reported, which were often not acquired through systematic nation-wide 
research, and which were mainly derived from epidemiological questionnaires of variable 
precision level. For an accurate insight into the risk factors of major significance for human 
T. gondii infection, more research, based on larger patient series and carried out in different 
SEE areas, including case-control studies, would be preferable. 
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2.2. Toxoplasmosis in immunocompromised patients 

Toxoplasmosis is a major opportunistic infection causing life-threatening disease in 
immunocompromised individuals, which is considered to be a consequence of reactivation of 
previously latent infection. Although opportunistic infection due to T. gondii has long been 
known in organ/tissue transplantations and patients with malign or systemic diseases on 
treatment with immunosuppressive effect, data on toxoplasmosis in the immunocompromised 
population in SEE are available only from groups of HIV-infected individuals and even these 
are scarce. In Serbia, out of a cohort of 339 patients diagnosed with AIDS during a five year 
period (1991-95), 288 were tested for T. gondii infection and the prevalence was 44.1% 
(Djurković-Djaković et al., 1997). A more recent Croatian study of 219 blood donors and 166 
HIV-infected patients referred to the Zagreb University Hospital for Infectious Diseases "Dr. 
Fran Mihaljević" in 2000-2001, the seroprevalence of toxoplasmosis was 52.5% and 51.8%, 
respectively (Đaković-Rode et al., 2010), confirming that the prevalence of T. gondii infection 
among HIV-positive individuals is similar to that in the general population. Interestingly, 
whereas the risk for developing TE was not associated with age, sex or HIV transmission risk 
factor in Serbia (Djurković-Djaković et al., 1997), the Croatian study established a higher risk 
of T. gondii infection (OR 2.37) for men who have sex with men (Đaković-Rode et al., 2010). In 
the Serbian study, of the 288 examined HIV-infected patients, 31 developed toxoplasmic 
encephalitis, indicating an overall attack rate of 7.8%. At the time, the cumulative incidence of 
toxoplasmic encephalitis in T. gondii-seropositive patients was estimated at 32.7% for 60 
months. However, the subsequent wide use of highly active antiretroviral treatment has 
allowed for good control of formerly AIDS-defining opportunistic infections including 
toxoplasmosis, significantly decreasing their significance.  

2.3. Molecular epidemiology 

Although the population structure of T. gondii isolates throughout the world is currently a 
major research interest in the field of toxoplasmosis (Ajzenberg et al. 2002; Sibley et al., 
2009), such studies are at its beginning in SEE. As concerns the data on T. gondii genotypes 
present in the SEE region, there is a single published report of a type II strain genotype 
isolated from a case of congenital toxoplasmosis in Serbia (Djurković-Djaković et al. 2006). 
Current data on this issue in Serbia are reported elsewhere in this book (Ivović et al.). It is to 
be hoped that with the increased use of molecular methodologies in the region, work will be 
performed which will contribute to the pan-European map of T. gondii genotypes. 

2.4. Prevention of human toxoplasmosis 

Strategies for the prevention of CT include general screening-in-pregnancy programs and 
health education, and countries with a low prevalence of infection generally opt for health 
education (Kravetz et Federman, 2005; Gilbert and Peckham, 2002), while those with a high 
prevalence adopt screening-in-pregnancy programs (Aspöck & Pollak, 1992; Thulliez, 1992). 
In the SEE, a systematic program for the prevention of CT based on serological screening of 
pregnant women and health education has been implemented in Slovenia, while no other 
country has a systematic prevention program (Logar et al, 2002). The changing pattern of 
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Figure 2. Seasonality of Toxoplasma gondii infection in Slovenia (1999-2004) and Serbia (2004-2008) 
(Logar et al., 2005; Bobić et al., 2010) 

Accordingly, the decrease in the prevalence of T. gondii infection in the SEE seems 
independent of the varying influence of risk factors for infection transmission throughout 
the region. However, this may prove not to be entirely true, as the above analysis was based 
on the limited data reported, which were often not acquired through systematic nation-wide 
research, and which were mainly derived from epidemiological questionnaires of variable 
precision level. For an accurate insight into the risk factors of major significance for human 
T. gondii infection, more research, based on larger patient series and carried out in different 
SEE areas, including case-control studies, would be preferable. 
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2.2. Toxoplasmosis in immunocompromised patients 

Toxoplasmosis is a major opportunistic infection causing life-threatening disease in 
immunocompromised individuals, which is considered to be a consequence of reactivation of 
previously latent infection. Although opportunistic infection due to T. gondii has long been 
known in organ/tissue transplantations and patients with malign or systemic diseases on 
treatment with immunosuppressive effect, data on toxoplasmosis in the immunocompromised 
population in SEE are available only from groups of HIV-infected individuals and even these 
are scarce. In Serbia, out of a cohort of 339 patients diagnosed with AIDS during a five year 
period (1991-95), 288 were tested for T. gondii infection and the prevalence was 44.1% 
(Djurković-Djaković et al., 1997). A more recent Croatian study of 219 blood donors and 166 
HIV-infected patients referred to the Zagreb University Hospital for Infectious Diseases "Dr. 
Fran Mihaljević" in 2000-2001, the seroprevalence of toxoplasmosis was 52.5% and 51.8%, 
respectively (Đaković-Rode et al., 2010), confirming that the prevalence of T. gondii infection 
among HIV-positive individuals is similar to that in the general population. Interestingly, 
whereas the risk for developing TE was not associated with age, sex or HIV transmission risk 
factor in Serbia (Djurković-Djaković et al., 1997), the Croatian study established a higher risk 
of T. gondii infection (OR 2.37) for men who have sex with men (Đaković-Rode et al., 2010). In 
the Serbian study, of the 288 examined HIV-infected patients, 31 developed toxoplasmic 
encephalitis, indicating an overall attack rate of 7.8%. At the time, the cumulative incidence of 
toxoplasmic encephalitis in T. gondii-seropositive patients was estimated at 32.7% for 60 
months. However, the subsequent wide use of highly active antiretroviral treatment has 
allowed for good control of formerly AIDS-defining opportunistic infections including 
toxoplasmosis, significantly decreasing their significance.  

2.3. Molecular epidemiology 

Although the population structure of T. gondii isolates throughout the world is currently a 
major research interest in the field of toxoplasmosis (Ajzenberg et al. 2002; Sibley et al., 
2009), such studies are at its beginning in SEE. As concerns the data on T. gondii genotypes 
present in the SEE region, there is a single published report of a type II strain genotype 
isolated from a case of congenital toxoplasmosis in Serbia (Djurković-Djaković et al. 2006). 
Current data on this issue in Serbia are reported elsewhere in this book (Ivović et al.). It is to 
be hoped that with the increased use of molecular methodologies in the region, work will be 
performed which will contribute to the pan-European map of T. gondii genotypes. 

2.4. Prevention of human toxoplasmosis 

Strategies for the prevention of CT include general screening-in-pregnancy programs and 
health education, and countries with a low prevalence of infection generally opt for health 
education (Kravetz et Federman, 2005; Gilbert and Peckham, 2002), while those with a high 
prevalence adopt screening-in-pregnancy programs (Aspöck & Pollak, 1992; Thulliez, 1992). 
In the SEE, a systematic program for the prevention of CT based on serological screening of 
pregnant women and health education has been implemented in Slovenia, while no other 
country has a systematic prevention program (Logar et al, 2002). The changing pattern of 
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infection across the region currently complicates the choice of prevention strategy. A decrease 
in the prevalence of infection in women of childbearing age implies a rising proportion of 
women susceptible to infection in pregnancy, which, in turn, may lead to an increase in the 
incidence of congenital infections. Indeed, an increase in the incidence of primary infections 
in pregnancy has been shown through systematic screening-in-pregnancy programs; in 
Austria, which has been screening all pregnant women ever since 1975, the decrease in T. 
gondii prevalence from 50% to 37% during the 1980s was followed by an increase in the 
incidence of primary infections in pregnancy from 0.4% to 0.8% (Aspöck & Pollak, 1992). 
Similarly, in Slovenia, the decrease in the prevalence of infection from the early 1980s 
onwards, therefore before the introduction of the systematic prevention program in 1995, has 
been associated with an increased incidence of infections in pregnancy from 0.33% in the 
early 1980s to 0.75% in the early 1990s and to 0.94% in the late 1990s (Logar et al., 1995; 2002).  

The decreasing prevalence of T. gondii infection and a possible subsequent increase in the 
incidence of primary infections in pregnancy warrants introduction of CT prevention 
programs in the SEE countries. A prerequisite for such programs to be cost-effective, 
however, is an accurate assessment of the proportion of women of childbearing age 
susceptible to infection in pregnancy and the subsequent incidence of CT. These data are not 
yet available for most of the SEE, and are further complicated by the changing pattern of 
infection across the region. Thus, a sound and financially sustainable alternative that may be 
recommended for all of the SEE, similar to what has been recommended for Serbia (Bobić et 
al., 2003), includes health education of all women of childbearing age focusing on the locally 
significant risk factors for infection transmission in particular countries.  

Health education is an adequate preventive measure for uninfected immunocompromised 
patients too. 

3. Epizootiology of toxoplasmosis in SEE 

Epizootiological surveillance of T. gondii infection in meat animals is important both as a 
measure essential for animal health and economics of livestock production, and for 
assessment of the risk for human health, as infected meat animals represent an important 
reservoir for human infection. 

Throughout SEE, few data are available on T. gondii infection in animals and most are not 
the result of systematic research. Early reports, in particular from Serbia/Yu, dealt with 
isolation of viable T. gondii from various species. By bioassay of brains and/or hearts in 
ground squirrels (Spermophilus citellus) T. gondii was isolated from 0.25% chickens (Simitch 
et al., 1961); and 0.7% pigs, 0% sheep and cattle, 6.2% guinea fowl, 3.8% turkeys, 3.6% ducks, 
1% geese and 0% pigeons (Simić et al., 1967). By mouse bioassay, T. gondii has been isolated 
from pork, and from pig and sheep diaphragms in Croatia/Yu (Wikerhauser et al., 1983; 
1988). In Bosnia/Yu, Živković and Arežina (1991) reported apparent T. gondii in smears from 
muscle tissues of farmed layers. 

The data on strain isolation in animals are scarce; researchers in Bulgaria have reported 
isolation of both virulent and avirulent strains of T. gondii from domestic and wild animals, 

 
Toxoplasma gondii Infection in South-East Europe: Epidemiology and Epizootiology 43 

but did not perform genetic typing (Arnaudov, 1978; Arnaudov et al., 2003; Arnaudov & 
Arnaudov, 2005). In Serbia, genotyping of T. gondii strains isolated from animals (sheep, 
pigs, pigeons) is in progress, and the first results confirm the dominance of type II strains 
(unpublished data). 

Earlier serological investigations of various animal species in SEE countries showed a 
prevalence of 37% for cattle, 30% for sheep, 26% for pigs, 17% for horses, 41% for dogs, 25% 
for cats, 52% for house mice and 20% for rats in Serbia, but except for pigs, they were carried 
out on samples of limited size (Šibalić, 1977). In Bulgaria, Nankov (1968) has shown a 15.7% 
prevalence in hares, and Arnaudov (1971, 1973) reported a prevalence of 32.6% for sheep 
and 27.2% for goats. 

An overview of studies of T. gondii infection in animals in SEE countries in the last 20 years 
is presented in Table 2. Evidently, data are not available for a half of the SEE countries. 

As in humans, and similar to the rest of Europe and elsewhere (Tenter et al., 2000; Hall et al., 
2001), data on the prevalence in animals vary quite widely in SEE. The highest prevalence 
has been reported for cattle, sheep and goats (Table 2). While farming practices are similar 
throughout the SEE region, differences within the region mostly occur in the climatic 
conditions and terrain characteristics.  

The single nation-wide survey on T. gondii infection in meat animals in SEE, performed 
recently in Serbia, showed high seroprevalence rates of 76.3% in cattle and 84.5% in sheep 
and a lower one, of 28.9%, in pigs (Klun et al., 2006). This study showed that cattle from 
Western Serbia were at an increased risk of infection compared to all other regions (Table 3), 
possibly associated with a comparably increased humidity in this region (Klun et al., 2006). 
The levels of specific antibody determined in the cattle were relatively low (not above 1:400),  
 

Country Species 
No. 
examined 

% Positive Test (cut-off) 
Origin of 
animals 

Ref. 

       

Croatia 

Goats 79 13.9 MAT (1:20) Farms 
Rajković-Janje et 
al., 1993 

Goats 100 4 MAT (1:20) Farms 
Σ Goats 179 8.4 MAT (1:20) Σ 

Sheep unknown 
11.6 (sheep) 
9.4 (lambs) 

DAT Farms 
Rajković-Janje et 
al., 1994 Sheep unknown 0.5 DAT Nomadic 

Σ Sheep 334 4.8 DAT Σ 

Sheep unknown 48.4 ELISA 10 farms 
Marinculić et al., 
1997 

Chickens 716 0.4 Bioassay Abattoir 
Kutičić & 
Wikerhauser, 
2000 

Rats 142 1.4 Bioassay Pig farms 
Kutičić et al., 2005 

Mice 86 0 Bioassay 
Pig farms + 
households 
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infection across the region currently complicates the choice of prevention strategy. A decrease 
in the prevalence of infection in women of childbearing age implies a rising proportion of 
women susceptible to infection in pregnancy, which, in turn, may lead to an increase in the 
incidence of congenital infections. Indeed, an increase in the incidence of primary infections 
in pregnancy has been shown through systematic screening-in-pregnancy programs; in 
Austria, which has been screening all pregnant women ever since 1975, the decrease in T. 
gondii prevalence from 50% to 37% during the 1980s was followed by an increase in the 
incidence of primary infections in pregnancy from 0.4% to 0.8% (Aspöck & Pollak, 1992). 
Similarly, in Slovenia, the decrease in the prevalence of infection from the early 1980s 
onwards, therefore before the introduction of the systematic prevention program in 1995, has 
been associated with an increased incidence of infections in pregnancy from 0.33% in the 
early 1980s to 0.75% in the early 1990s and to 0.94% in the late 1990s (Logar et al., 1995; 2002).  

The decreasing prevalence of T. gondii infection and a possible subsequent increase in the 
incidence of primary infections in pregnancy warrants introduction of CT prevention 
programs in the SEE countries. A prerequisite for such programs to be cost-effective, 
however, is an accurate assessment of the proportion of women of childbearing age 
susceptible to infection in pregnancy and the subsequent incidence of CT. These data are not 
yet available for most of the SEE, and are further complicated by the changing pattern of 
infection across the region. Thus, a sound and financially sustainable alternative that may be 
recommended for all of the SEE, similar to what has been recommended for Serbia (Bobić et 
al., 2003), includes health education of all women of childbearing age focusing on the locally 
significant risk factors for infection transmission in particular countries.  

Health education is an adequate preventive measure for uninfected immunocompromised 
patients too. 

3. Epizootiology of toxoplasmosis in SEE 

Epizootiological surveillance of T. gondii infection in meat animals is important both as a 
measure essential for animal health and economics of livestock production, and for 
assessment of the risk for human health, as infected meat animals represent an important 
reservoir for human infection. 

Throughout SEE, few data are available on T. gondii infection in animals and most are not 
the result of systematic research. Early reports, in particular from Serbia/Yu, dealt with 
isolation of viable T. gondii from various species. By bioassay of brains and/or hearts in 
ground squirrels (Spermophilus citellus) T. gondii was isolated from 0.25% chickens (Simitch 
et al., 1961); and 0.7% pigs, 0% sheep and cattle, 6.2% guinea fowl, 3.8% turkeys, 3.6% ducks, 
1% geese and 0% pigeons (Simić et al., 1967). By mouse bioassay, T. gondii has been isolated 
from pork, and from pig and sheep diaphragms in Croatia/Yu (Wikerhauser et al., 1983; 
1988). In Bosnia/Yu, Živković and Arežina (1991) reported apparent T. gondii in smears from 
muscle tissues of farmed layers. 

The data on strain isolation in animals are scarce; researchers in Bulgaria have reported 
isolation of both virulent and avirulent strains of T. gondii from domestic and wild animals, 
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but did not perform genetic typing (Arnaudov, 1978; Arnaudov et al., 2003; Arnaudov & 
Arnaudov, 2005). In Serbia, genotyping of T. gondii strains isolated from animals (sheep, 
pigs, pigeons) is in progress, and the first results confirm the dominance of type II strains 
(unpublished data). 

Earlier serological investigations of various animal species in SEE countries showed a 
prevalence of 37% for cattle, 30% for sheep, 26% for pigs, 17% for horses, 41% for dogs, 25% 
for cats, 52% for house mice and 20% for rats in Serbia, but except for pigs, they were carried 
out on samples of limited size (Šibalić, 1977). In Bulgaria, Nankov (1968) has shown a 15.7% 
prevalence in hares, and Arnaudov (1971, 1973) reported a prevalence of 32.6% for sheep 
and 27.2% for goats. 

An overview of studies of T. gondii infection in animals in SEE countries in the last 20 years 
is presented in Table 2. Evidently, data are not available for a half of the SEE countries. 

As in humans, and similar to the rest of Europe and elsewhere (Tenter et al., 2000; Hall et al., 
2001), data on the prevalence in animals vary quite widely in SEE. The highest prevalence 
has been reported for cattle, sheep and goats (Table 2). While farming practices are similar 
throughout the SEE region, differences within the region mostly occur in the climatic 
conditions and terrain characteristics.  

The single nation-wide survey on T. gondii infection in meat animals in SEE, performed 
recently in Serbia, showed high seroprevalence rates of 76.3% in cattle and 84.5% in sheep 
and a lower one, of 28.9%, in pigs (Klun et al., 2006). This study showed that cattle from 
Western Serbia were at an increased risk of infection compared to all other regions (Table 3), 
possibly associated with a comparably increased humidity in this region (Klun et al., 2006). 
The levels of specific antibody determined in the cattle were relatively low (not above 1:400),  
 

Country Species 
No. 
examined 

% Positive Test (cut-off) 
Origin of 
animals 

Ref. 

       

Croatia 

Goats 79 13.9 MAT (1:20) Farms 
Rajković-Janje et 
al., 1993 

Goats 100 4 MAT (1:20) Farms 
Σ Goats 179 8.4 MAT (1:20) Σ 

Sheep unknown 
11.6 (sheep) 
9.4 (lambs) 

DAT Farms 
Rajković-Janje et 
al., 1994 Sheep unknown 0.5 DAT Nomadic 

Σ Sheep 334 4.8 DAT Σ 

Sheep unknown 48.4 ELISA 10 farms 
Marinculić et al., 
1997 

Chickens 716 0.4 Bioassay Abattoir 
Kutičić & 
Wikerhauser, 
2000 

Rats 142 1.4 Bioassay Pig farms 
Kutičić et al., 2005 

Mice 86 0 Bioassay 
Pig farms + 
households 
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Serbia 

Cattle 611 76.3 MAT (1:25) 
Farms + 
abattoir 

Klun et al., 2006 Sheep 511 84.5 MAT (1:25) Farms 

Pigs 605 28.9 MAT (1:25) 
Farms + 
abattoir 

Horses 250 30.8 MAT (1:25) Farms Klun, 2005 

Sheep 367  7.1 unknown 
Aborting 
sheep 

Vidić et al., 2007 

Sheep 30 36.7 IFAT (1:20) Farm 
Lalošević et al., 
2008 

Pigs 488  9.2 MAT (1:25) Abattoir Klun et al., 2011 
Goats 356 74.7 MAT (1:25) Farms Djokić et al., 2011 
Rats 80 27.5 MAT (1:25) 

Urban 
Vujanić et al., 
2011 

Rats 144 7.6 Microscopy 
Mice 12 3 Microscopy 
Rats 144 10.4 Real-time PCR
Mice 12 83.3 Real-time PCR

Pigeons 30 13.3 MAT (1:25) Urban (wild) 
Personal 
observations 

       

Bulgaria 

Wild 
animals  
(7 species) 

643 0 – 16.7  
Agar gel micro 
precipitation 

Wild 
Arnaudov et al., 
2003 

Sheep 380 48.2 IHAT (1:10) 
Farms 

Prelezov et al., 
2008 Goats 364 59.8 IHAT (1:10) 

       

Greece 
(mainland) 

Sheep 840 53.4 IFAT 
Farms Kontos et al., 2001 

Sheep 450 58.5 ELISA 

Cattle 105 20 ELISA Dairy farms 
Diakou et al., 
2005a 

Sheep 350 52.6 
ELISA 

Mixed stock 
farms 

Diakou et al., 
2005b Goats 280 62.9 

Sheep 184/182 52.2/50.5 ELISA (a) 
Organic farms Ntafis et al., 2007 

Goats 229/167 22.3/18 ELISA (a) 
Horses/ 
equids 

753/773 1.7/1.8 ELISA (a) Farms Kouam et al., 2010 

Dogs 2512 31.8 ELISA unknown 
Haralabidis & 
Diakou, 1999 

Pigeons 379 5.8 ELISA 
Domestic 
flocks 

Diakou et al., 2011 Pigeons 50 0 ELISA Urban (wild) 
Σ Pigeons 429 5.1 ELISA Σ 

       

(a) Mean ODnegative controls + 3SD 

Table 2. Toxoplasma gondii infection in animals in SEE countries in the last 20 years 
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which is consistent with reports on the rapid decrease of T. gondii antibody in cattle (Dubey 
et al., 1985). Cattle are relatively resistant to T. gondii infection (Dubey and Thulliez, 1993), 
but it is unclear whether this is associated with fast elimination of cysts from cattle tissues 
(Dubey, 1983), or there is inconsistent cyst formation following infection. In addition to farm 
location in the western region, the only other risk factor determined for cattle infection was 
small herd size. According to the type of housing, the results showed that access to outside 
pens was protective as compared to total confinement. This apparently paradoxical finding 
may represent a further argument for the importance of the way in which feed is kept, or 
possibly indicates involvement of other farm factors not identified in this type of study. 

The same study showed a prevalence of 85% in sheep in Serbia, of which 10% had high 
antibody levels of ≥1:1600, suggestive of acute infection. Although arbitrary, the cut-off of 
1:1600 is even conservative since Dubey and Welcome (1988) had considered a titre of 1:1024 
high. However, correlation with ovine abortions could not be established, since etiological 
laboratory diagnosis of ovine abortions in Serbia does not include diagnosis of T. gondii. 
Regionwise, similarly as with cattle, sheep from Western Serbia were at an increased risk of 
infection as compared to all other regions (Table 3). An increased risk of infection was also 
found in state-owned vs. private large flocks. Compared to other SEE countries, the 
prevalence of 85% is quite high; in Croatia and Bulgaria the highest recorded prevalence in 
sheep is 48%, and in Greece 58.5% (Table 2). This is also evident in goats; compared with the 
prevalence of 74.7% established in Serbia (Djokić et al., 2011), it was lower in Greece (62.9%) 
(Diakou et al., 2005b) and Bulgaria (59.8%) (Prelezov et al., 2008), and very markedly so in 
Croatia – 8.4% (Rajković-Janje et al., 1993).  

An outbreak of toxoplasmosis in sheep has recently been reported; massive abortions (60%) 
occurred in a flock of 500 dairy sheep in Northern Greece at 110-130 days of pregnancy, 
diagnosed upon observation of tissue cysts in brain smears of aborted fetuses, and by 
serological (ELISA) examinations of mother and fetal serum samples. The abortion rate 
declined immediately upon instituting sulfadimidine therapy (Giadinis et al., 2011). 

In horses, who generally have lower seroprevalence values than small ruminants (van 
Knapen et al., 1982), a prevalence of 30.8% has been determined in a study in Serbia (Klun, 
2005), vs. only 1.7% in Greece (Kouam et al., 2010).  

In pigs, an overall seroprevalence of 29% was established in Serbia (Klun et al., 2006). Of 
those seropositive, 4% were likely to be in the acute stage of infection, indicating continuous 
presence of infection reservoirs in the environment. Risk factors included age and farm type 
(Table 3). Since pigs are continuously exposed to infection, the increase in the risk of infection 
with age, ranging from 15% in market weight age pigs to 41% in adults, was expected, and 
repeated previous findings (Dubey et al., 1991; Dubey et al., 1995; Weigel et al., 1995; 
Damriyasa et al., 2004). Pigs on finishing type farms were four-fold more likely to be infected 
than those from farrow-to-finish farms. According to these results, it was proposed that a 
national strategy to reduce the level of T. gondii infection in pigs should include a shift towards 
the development of more farrow-to-finish farms, as well as vigilance in farm management 
and implementation of zoo-hygienic measures at finishing farms. Damriyasa et al. (2004) 
stated that T. gondii seropositivity is an indicator of the hygienic status of the pig farm. 
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Serbia 

Cattle 611 76.3 MAT (1:25) 
Farms + 
abattoir 

Klun et al., 2006 Sheep 511 84.5 MAT (1:25) Farms 

Pigs 605 28.9 MAT (1:25) 
Farms + 
abattoir 

Horses 250 30.8 MAT (1:25) Farms Klun, 2005 

Sheep 367  7.1 unknown 
Aborting 
sheep 

Vidić et al., 2007 

Sheep 30 36.7 IFAT (1:20) Farm 
Lalošević et al., 
2008 

Pigs 488  9.2 MAT (1:25) Abattoir Klun et al., 2011 
Goats 356 74.7 MAT (1:25) Farms Djokić et al., 2011 
Rats 80 27.5 MAT (1:25) 

Urban 
Vujanić et al., 
2011 

Rats 144 7.6 Microscopy 
Mice 12 3 Microscopy 
Rats 144 10.4 Real-time PCR
Mice 12 83.3 Real-time PCR

Pigeons 30 13.3 MAT (1:25) Urban (wild) 
Personal 
observations 

       

Bulgaria 

Wild 
animals  
(7 species) 

643 0 – 16.7  
Agar gel micro 
precipitation 

Wild 
Arnaudov et al., 
2003 

Sheep 380 48.2 IHAT (1:10) 
Farms 

Prelezov et al., 
2008 Goats 364 59.8 IHAT (1:10) 

       

Greece 
(mainland) 

Sheep 840 53.4 IFAT 
Farms Kontos et al., 2001 

Sheep 450 58.5 ELISA 

Cattle 105 20 ELISA Dairy farms 
Diakou et al., 
2005a 

Sheep 350 52.6 
ELISA 

Mixed stock 
farms 

Diakou et al., 
2005b Goats 280 62.9 

Sheep 184/182 52.2/50.5 ELISA (a) 
Organic farms Ntafis et al., 2007 

Goats 229/167 22.3/18 ELISA (a) 
Horses/ 
equids 

753/773 1.7/1.8 ELISA (a) Farms Kouam et al., 2010 

Dogs 2512 31.8 ELISA unknown 
Haralabidis & 
Diakou, 1999 

Pigeons 379 5.8 ELISA 
Domestic 
flocks 

Diakou et al., 2011 Pigeons 50 0 ELISA Urban (wild) 
Σ Pigeons 429 5.1 ELISA Σ 

       

(a) Mean ODnegative controls + 3SD 

Table 2. Toxoplasma gondii infection in animals in SEE countries in the last 20 years 
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which is consistent with reports on the rapid decrease of T. gondii antibody in cattle (Dubey 
et al., 1985). Cattle are relatively resistant to T. gondii infection (Dubey and Thulliez, 1993), 
but it is unclear whether this is associated with fast elimination of cysts from cattle tissues 
(Dubey, 1983), or there is inconsistent cyst formation following infection. In addition to farm 
location in the western region, the only other risk factor determined for cattle infection was 
small herd size. According to the type of housing, the results showed that access to outside 
pens was protective as compared to total confinement. This apparently paradoxical finding 
may represent a further argument for the importance of the way in which feed is kept, or 
possibly indicates involvement of other farm factors not identified in this type of study. 

The same study showed a prevalence of 85% in sheep in Serbia, of which 10% had high 
antibody levels of ≥1:1600, suggestive of acute infection. Although arbitrary, the cut-off of 
1:1600 is even conservative since Dubey and Welcome (1988) had considered a titre of 1:1024 
high. However, correlation with ovine abortions could not be established, since etiological 
laboratory diagnosis of ovine abortions in Serbia does not include diagnosis of T. gondii. 
Regionwise, similarly as with cattle, sheep from Western Serbia were at an increased risk of 
infection as compared to all other regions (Table 3). An increased risk of infection was also 
found in state-owned vs. private large flocks. Compared to other SEE countries, the 
prevalence of 85% is quite high; in Croatia and Bulgaria the highest recorded prevalence in 
sheep is 48%, and in Greece 58.5% (Table 2). This is also evident in goats; compared with the 
prevalence of 74.7% established in Serbia (Djokić et al., 2011), it was lower in Greece (62.9%) 
(Diakou et al., 2005b) and Bulgaria (59.8%) (Prelezov et al., 2008), and very markedly so in 
Croatia – 8.4% (Rajković-Janje et al., 1993).  

An outbreak of toxoplasmosis in sheep has recently been reported; massive abortions (60%) 
occurred in a flock of 500 dairy sheep in Northern Greece at 110-130 days of pregnancy, 
diagnosed upon observation of tissue cysts in brain smears of aborted fetuses, and by 
serological (ELISA) examinations of mother and fetal serum samples. The abortion rate 
declined immediately upon instituting sulfadimidine therapy (Giadinis et al., 2011). 

In horses, who generally have lower seroprevalence values than small ruminants (van 
Knapen et al., 1982), a prevalence of 30.8% has been determined in a study in Serbia (Klun, 
2005), vs. only 1.7% in Greece (Kouam et al., 2010).  

In pigs, an overall seroprevalence of 29% was established in Serbia (Klun et al., 2006). Of 
those seropositive, 4% were likely to be in the acute stage of infection, indicating continuous 
presence of infection reservoirs in the environment. Risk factors included age and farm type 
(Table 3). Since pigs are continuously exposed to infection, the increase in the risk of infection 
with age, ranging from 15% in market weight age pigs to 41% in adults, was expected, and 
repeated previous findings (Dubey et al., 1991; Dubey et al., 1995; Weigel et al., 1995; 
Damriyasa et al., 2004). Pigs on finishing type farms were four-fold more likely to be infected 
than those from farrow-to-finish farms. According to these results, it was proposed that a 
national strategy to reduce the level of T. gondii infection in pigs should include a shift towards 
the development of more farrow-to-finish farms, as well as vigilance in farm management 
and implementation of zoo-hygienic measures at finishing farms. Damriyasa et al. (2004) 
stated that T. gondii seropositivity is an indicator of the hygienic status of the pig farm. 
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Species Factor Adjusted OR 95% CI P-value 
     
Cattle Herd size    
       Large (n>100) 1.00   
       Small (n<10) 2.19 1.28–3.75 0.004 
     
 Type of housing    
       Stable only 1.00   
       Access to outside pens 0.37 0.21–0.67 0.001 
       Access to pasture 0.72 0.25–2.07 0.548 
     

 Region    
       Northern Serbia 1.00   
       Western Serbia 2.04 1.10–3.79 0.024 
       Central/Eastern Serbia 0.97 0.32–2.90 0.951 
       Belgrade District 0.60 0.30–1.20 0.148 
     
Sheep Farm type    
       Private large (n>100) 1.00   
       State-owned (n>100) 4.18 2.18–8.00 <0.001 
       Private small (n<10) 1.79 0.55–5.81 0.332 
     
 Region    
       Northern Serbia 1.00   
       Western Serbia 4.66 1.18–18.32 0.028 
       Central/Eastern Serbia 0.82 0.25–2.73 0.748 
     
Pigs Age group    
      Market weight (<8 months) 1.00   
       Adult (≥8 months) 3.87 2.60–5.76 <0.001 
     
 Farm type    
       Farrow-to-finish       1.00   
       Finishing 3.96 1.97–7.94 <0.001 
     

Table 3. Risk factors for T. gondii infection in meat animals in Serbia in 2003. Final logistic regression 
models. Results presented as adjusted odds ratio (OR) and 95% confidence intervals (CI) (modified 
from Klun et al., 2006) 
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A recent study on T. gondii infection in slaughter pigs in Serbia (Klun et al., 2011) showed, 
however, a three-fold lower prevalence of 9.2% in a total of 488 swine from abattoirs in the 
vicinity of Belgrade. This difference was largely attributed to the difference in the studied 
samples since the latter one consisted of a large majority (96%) of market-weight pigs, who 
generally have a much lower prevalence than adult pigs. Similarly to the 2006 study, risk 
factors for infection in slaughter pigs included age and farm type with a 41-fold higher 
likelihood of infection in adult vs. market-weight pigs (p<0.001), and a 15-fold higher 
likelihood of infection in pigs of all ages from smallholders’ finishing type farms (p<0.001) 
vs. those from farrow-to-finish intensive farms. 

On the other hand, the modern approach in farm management to provide for the welfare of 
the animals as well as organic food for human consumption is to develop animal-friendly 
(organic) farms. According to experiences from the Netherlands (Kijlstra et al., 2004), 
development of such farms may result in an increase in T. gondii infection. Nevertheless, a 
single report from organic sheep and goat farms in Greece (Ntafis et al., 2007) showed 
similar prevalence rates to those in animals from conventionally managed farms (Kontos et 
al., 2001; Diakou et al., 2005b). 

A major reason for the control of T. gondii infection in meat animals is the reduction of the 
reservoir of human infection. Cattle are generally thought not to be significant in this 
context (Dubey and Thulliez, 1993). However, beef is often consumed undercooked (‘rare’ 
beef steaks, roast beef, steak tartar), and at least one outbreak of toxoplasmosis whose 
source was raw beef has been documented (Smith, 1993). In addition, one out of four beef 
samples randomly chosen from UK retail outlets tested positive for T. gondii by PCR 
(Aspinall et al., 2002). These facts, along with the circumstantial evidence provided by the 
data on the high prevalence of cattle infection of 92% in Italy and 69% in France (see Tenter 
et al., 2000), and now in Serbia, countries in which human infection is highly prevalent as 
well, all suggest a role for cattle as a T. gondii reservoir for human infection. In addition, 
Bobić et al. (2007) have demonstrated that among all the meat consumed, undercooked beef 
presents the highest risk for human infection in Serbia. Similarly, although Opsteegh et al. 
(2011a) did not establish a correlation between seropositivity and the detection of parasites 
in cattle, a study in which the relative contribution of sheep, beef and pork products to 
human T. gondii infection in the Netherlands was quantified (by Quantitative Microbial Risk 
Assessment), showed that beef is indeed an important source even if the seroprevalence in 
cattle is low (Opsteegh et al., 2011b). 

On the other hand, according to official statistical reports (RZS, 2006–2010), pork represents 
approximately 50% of all meat consumed in Serbia. Thus, although pigs were the least 
infected of the examined species, given the findings that the prevalence increases with age 
and reaches 41% in sows (Klun et al., 2006), pork consumption may significantly contribute 
to human infection. When used for cooking, pork is generally properly thermally processed, 
but in most of the SEE countries’ tradition mature pork is also highly valued for making 
delicatessen meat products. Raw or improperly cured sausages and ham are the source of 
small (family) epidemics of trichinellosis which, in spite of mandatory meat examination for 
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Trichinella spiralis, occasionally occur in Serbia (Djordjević 1989, Čuperlović et al., 2005), and 
thus, are a quite plausible source of human T. gondii infection as well. 

For most meat animals, although a trend is generally (worldwide) difficult to establish due 
to the scarcity of studies in most countries (no two time points), there is no visible reduction 
in the prevalence of T. gondii infection, as opposed to the decreasing trend in humans, 
discussed in detail earlier in this chapter (and explained by reasons including increased 
frozen meat use, better farm management etc.). For the most part, farming practices and 
environmental contamination have not changed, and except for the intensive pig farms in 
which a major reduction in T. gondii prevalence has occurred, a decline in the prevalence of 
T. gondii infection in meat animals is yet to be achieved. Moreover, for strictly herbivorous 
species that require outdoor access, this is probably impossible (Kijlstra & Jongert, 2009). 

Ubiquitous contamination of the environment is also evident from the presence of T. gondii 
in both farm and urban rodents (Kutičić et al., 2005; Vujanić et al., 2011), wild animals, and 
pigeons (Arnaudov et al., 2003; Arnaudov & Arnaudov, 2005; Diakou et al., 2011) (Table 2). 
In dogs, studies performed in Greece have shown a prevalence ranging from 21.2% to 30.8% 
(Chambouris et al., 1989), and of 31.8%, in a large series of 2512 dogs from the regions of 
Macedonia and Thrace (Haralabidis & Diakou, 1999). As long as there is evidence of such 
widespread environmental contamination in SEE, a change for the better and a decrease of 
T. gondii infection in meat animals may hardly be expected in the absence of energetic and 
systematic prevention measures throughout the region. 

4. Conclusion 

Existing strategies for the prevention of toxoplasmosis in countries which have been 
implementing them for years have led to a decrease in its incidence, but have not solved the 
problem of congenital infection. This clearly shows that new comprehensive strategies for 
the prevention of toxoplasmosis are needed. These should be based on accurate and 
validated data on (1) the routes and risk factors for human infection on local level, which 
will allow for a more efficient health education; (2) routes and risk factors for meat animal 
infection to diminish infection reservoirs; (3) environmental contamination. Epidemiological 
and epizootiological data presented in this chapter show how far along this road we have 
come, and more importantly, how far we still have to go to achieve successful prevention of 
T. gondii infection in the SEE region. 
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1. Introduction 

Toxoplasmosis is a significant zoonosis that affects humans and warm blooded animals. 
The definitive hosts of parasite Toxoplasma gondii are cats and other felids. Many species of 
domestic, wild or zoo animals may serve as intermediate hosts.  

In humans, clinical form of toxoplasmosis is rare in immunocompetent people, while it may 
leads to eye diseases, CNS or generalized infection in immunocompromissed individuals as 
well as interfere with the course or outcome of pregnancy. In Europe, T. gondii 
seroprevalence in humans ranges from 8% to 77% (Dubey 2010). In the Czech Republic, T. 
gondii antibodies were detected in 35% and 25% pregnant women by Sabin-Feldman Test 
(SFT) and Complement Fixation Test (CFT), respectively (Hejlicek et al. 1999). Repeated 
prevalence studies in humans in some European countries (France, Belgium, Sweden and 
Norway), revealed an evident trend of a decrease in T. gondii seroprevalence (Welton and 
Ades 2005). The same trend is observed in the Czech Republic. The prevalence of infection 
varies among ethnic groups due to sanitary and cooking habits. Consumption of raw or 
almost raw, dried, cured or smoked meat from domestic animals, unpasteurized goat milk 
or consumption of meat from wild animals may be associated with ingestion of the parasite 
(Kijlstra and Jongert 2008, Jones et al. 2009). Higher prevalence was found also in people 
who had frequent contact with animals and soil, such as abattoir workers, garbage handlers 
and waste pickers (Dubey and Beattie 1988). Children playing with dogs and cats can be 
infected by direct contact because animals can act as mechanical vectors (Etheredge et al. 
2004).  

In animals, T. gondii infection is a frequent cause of early embryonic death and resorption, 
fetal death and mummification, abortion, still birth and neonatal death. Thus, toxoplasmosis 
in domestic and farm animals is a disease of great importance for veterinary medicine and 
husbandry since it can cause productive and economic losses.  
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T. gondii antibodies have been found in animals worldwide. Seroprevalence to T. gondii 
varies among countries, within different areas of a country and within the same city. Dubey 
(2010) summarized the results of seroprevalence studies performed on different groups of 
animals from several countries. 

In the Czech Republic, some important studies concerning T. gondii in animals were done in 
past years. The seroprevalence of T. gondii infection in domestic animals obtained by 
different serological methods is summarized in Table 1. 
 

Animal Prevalence Assay Reference 
Cat 17 – 91% SFT, CFT, MPA, IFAT Havlik and Hubner 1958, Zastera et al. 

1966, Zastera et al. 1969, Svoboda and 
Svobodova 1987, Svoboda 1988   

Dog 15 – 58% SFT, CFT, MPA Havlik and Hubner 1958, Zastera et al. 
1966, Zastera et al. 1969, Svoboda and 
Svobodova 1987, Hejlicek et al. 1995, 
Hejlicek et al. 1995 

Sheep 4 – 77% SFT, CFT, MPA, IHA, IFAT Zastera et al. 1966, Zastera et al. 1969, 
Arnaudov et al. 1976, Kozojed et al. 1977, 
Hejlicek and Literak 1994c 

Goat 20 – 86% SFT, CFT, IFAT Havlik and Hubner 1958, Zastera et al. 
1966, Zastera et al. 1969, Hejlicek and 
Literak 1994b, Literak et al. 1995, 
Slosarkova et al. 1999   

Cattle 2 – 42% SFT Havlík and Hubner 1958, Zastera et al. 
1969, Kozojed et al. 1977  

Pig 0.1 – 38% SFT, CFT, MPA  Havlik and Hubner 1958, Zastera et al. 
1969, Kozojed et al. 1977, Hejlicek and 
Literak 1993, Hejlicek and Literak 1994b, 
Vostalova et al. 2000 

Horse 4 – 11% SFT, CFT Havlik and Hubner 1958, Zastera et al. 
1969, Kozojed et al. 1977, Hejlicek and 
Literak 1994a, Zastera et al. 1966 

Gallinaceous 
bird 

0 – 20%  SFT Zastera et al. 1965, Zastera et al. 1969, 
Kozojed et al. 1977, Literak and Hejlicek 
1993 

Water fowl 2 – 33% SFT Zastera et al. 1965, Zastera et al. 1969, 
Literak and Hejlicek 1993 

Rabbit 6 – 95% SFT, CFT Havlik and Hubner 1958, Havlik and 
Hubner 1960, Zastera et al. 1969 , Kunstyr 
et al. 1970, Hejlicek and Literak 1994d 

SFT – Sabin-Feldman Test, CFT – Complement Fixation Test, MPA – Microprecipitation in Agar, IHA –Indirect 
Hemaglutination Assay,  IFAT – Indirect Fluorescent Antibody Test 

Table 1. Toxoplasma gondii prevalence and assays used in different groups of domestic animals in the 
Czech Republic until year 2000 
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In a group of game animals, a prevalence of 15% was found in wild boars by SFT (Hejlicek 
et al. 1997), 4 – 31% in hares by SFT or Microprecipitation in Agar (MPA) (Havlik and 
Hubner 1958, Zastera et al. 1966, Vosta et al. 1981, Hejlicek et al. 1997), and 14 – 58% preva-
lence in wild ruminants by SFT (Havlik and Hubner 1958, Zastera et al. 1966, Hejlicek et al. 
1997).  

These studies were performed by one or by a combination of methods such as SFT, CFT, 
MPA and Indirect Hemaglutination Assay (IHA). Nowadays, these methods are less fre-
quently used; it is preferred to use Modified Agglutination Test (MAT), and/or Indirect 
Fluorescent Antibody Test (IFAT), and/or an Enzyme-Linked Immunosorbent Assay (ELI-
SA), and/or a Latex Agglutination Test (LAT). This trend is also evident from a recent re-
view summarized worldwide prevalence of T. gondii infection in animals and humans 
(Dubey 2010). 

Based on the results of examination of different groups of animals in the State Veterinary 
Institute Prague in years 2003 – 2006, it is evident that lethal toxoplasmosis in the Czech 
Republic is the most important in some species of zoo animals; while in domestic animals it 
was not proved (Sedlak and Bartova 2007). Contrary, the sera of cats and dogs were the 
most frequently examined. Insufficient attention is paid to small ruminants that can abort or 
have reproduction disorders due to toxoplasmosis with subsequent economic losses.  

That is why during the last 10 years, our research team focused on T. gondii serosurveys in 
different groups of animals to obtain actual data and to evaluate which group of animals is 
the most affected by T. gondii infection. Following parts of chapter summarises the results of 
seroprevalence studies in domestic, game and zoo animals tested by using IFAT, ELISA and 
LAT with the possibility to compare the results with those obtained from other countries 
with the same methods used. The results of experimental studies and cases of clinical toxo-
plasmosis recorded in the Czech Republic are mentioned too.  

2. Toxoplasmosis in domestic animals 

2.1. Recent data from the Czech Republic 

Serological studies 

During years 1995-2012, the samples of blood were collected from different groups of 
animals and examined for specific T. gondii antibodies. The animals tested for T. gondii 
antibodies were clinically healthy, no case of abortion or other symptoms of toxoplasmosis 
were recorded. The blood samples were collected by veterinarians on farms, zoo or during 
hunting seasons and sent to State Veterinary Institute Prague for routine examination. 

In a group of domestic animals, in total 4254 animals were tested with the following number 
of animals used: 286 cats, 413 dogs, 547 sheep, 251 goats, 546 cattle, 551 pigs, 552 horses and 
1108 poultry (217 chickens and 293 broilers, 60 turkeys, 178 geese and 360 ducks). The 
animals came from 2 – 14 different districts of the Czech Republic (Figure 1).  
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animals and examined for specific T. gondii antibodies. The animals tested for T. gondii 
antibodies were clinically healthy, no case of abortion or other symptoms of toxoplasmosis 
were recorded. The blood samples were collected by veterinarians on farms, zoo or during 
hunting seasons and sent to State Veterinary Institute Prague for routine examination. 
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1108 poultry (217 chickens and 293 broilers, 60 turkeys, 178 geese and 360 ducks). The 
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CB – Central Bohemia (cat, dog, sheep, goat, cattle, pig, horse, poultry, wild boar, hare, wild ruminant), HK – Hradec 
Králové (goat, cattle, pig, horse, poultry, wild boar), KV – Karlovy Vary (goat, cattle, pig, horse, poultry, wild boar, 
wild ruminant), Li – Liberec (goat, cattle, pig, horse, poultry, wild boar, wild ruminant), Pa – Pardubice (goat, horse, 
poultry), Pl – Plzeň (goat, cattle, pigs, horse, poultry, wild boar, wild ruminant), Pr – Prague (goat, cattle, horse, 
poultry, wild ruminant), O – Olomouc (poultry, hare, wild ruminant), NM – North Moravia (cat, dog, poultry, wild 
ruminant), SB – South Bohemia (horse, pig, poultry, wild boar, wild ruminant), SM – South Moravia (poultry, hare, 
wild ruminant), Ú – Ústí nad Labem (sheep, goat, cattle, pig, horse, poultry, wild boar, wild ruminant), V – Vysočina 
(pig, poultry, wild ruminant), Z – Zlín (poultry) 

 
Figure 1. Map of the Czech Republic showing the sampled area with domestic and game animals tested 
for T. gondii antibodies.  

Sera of domestic animals were tested for T. gondii antibodies by an indirect fluorescent 
antibody test (IFAT), using the Sevatest Toxoplasma Antigen IFR (Sevac, Prague, Czech 
Republic) and specific conjugates, by an ELISA (Institut Pourquier, Montpellier, France), 
or by a latex agglutination test (Pastorex TM Toxo, Biorad, France). The data on the 
method and cut-off used, specific conjugate for IFAT and producer are summarized in 
Table 2. 

In a group of domestic animals, T. gondii antibodies were found in 66% goats, 59% sheep, 
44% cats, 36% pigs, 26% dogs, 23% horses, 12% poultry (43% goose, 14% ducks, and 0.3% in 
broiler; turkeys and chickens were negative) and 9.7% cattle. The results of serological exam-
ination including the number of samples tested, the method and cut-off used, the number 
and percentage of positive samples, titres or %S/P obtained in positive samples and refer-
ence about published data are summarized in Table 3.  
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Animal Assay (cut-off) Conjugate for IFAT Producer 

Cat IFAT (≥40) anti-cat IgG Sigma Aldrich, USA 
Dog IFAT (≥40) anti-dog IgG Sigma Aldrich, USA 

Sheep ELISA (≥50%S/P) – Sigma Aldrich, USA 
Goat ELISA (≥50% S/P) – Sigma Aldrich, USA 

Cattle ELISA (≥50% S/P) – Sigma Aldrich, USA 
Pig ELISA (≥50% S/P) – Sigma Aldrich, USA 

Horse LAT anti-horse IgG VMRD, Pulman, USA 
Chicken Broiler IFAT (≥40) anti-chicken IgG Sigma Aldrich, USA 

Turkey IFAT (≥40) anti-chicken IgG Sigma Aldrich, USA 
Goose IFAT (≥40) anti-duck IgG KPL, USA 
Duck IFAT (≥40) anti-duck IgG KPL, USA 

IFAT – Indirect Fluorescent Antibody Test, ELISA – Enzyme-Linked Immunosorbent Assay, LAT – Latex 
Agglutination Test 

Table 2. Serologic method, cut-off, specific conjugates for IFAT and producer used in domestic animals. 

 

Animals 
T. gondii 

Assay (cut-off) Titres or %S/P Reference 
n positive %

Cat 286 126 44 IFAT (40) 40 – 81920 Sedlak and Bartova 2006b 
Dog 413 107 26 IFAT (40) 40 – 10240 Sedlak and Bartova 2006b 

Sheep 547 325 59 ELISA (50%S/P) 50 – 200 Bartova et al. 2009a 
Goat 251 166 66 ELISA (50%S/P) 56 – 191 Bartova et al. 2012 
Cattle 546 53 9.7 ELISA (50%S/P) 50 – 200 Bartova et al. (unpublished) 

Pig 551 198 36 ELISA (50%S/P) 50 – 337 Bartova and Sedlak 2011 
Horse 552 125 23 LAT – Bartova et al. 2010a 

Poultry 
Chicken 510 0 0 IFAT (40) – Bartova et al. 2009a 
Broiler 293 1 0.3 IFAT (40) 40 Bartova et al. 2009a 
Turkey 60 0 0 IFAT (40) – Bartova et al. 2009a 
Goose 178 77 43 IFAT (40) 40 – 2560 Bartova et al. 2009a 
Duck 360 52 14 IFAT (40) 40 – 320 Bartova et al. 2009a 

IFAT – Indirect Fluorescent Antibody Test, ELISA – Enzyme-Linked Immunosorbent Assay, LAT – Latex 
Agglutination Test 

Table 3. The result of serological examination of domestic animals with method used, cut-off, titres and 
%S/P in positive samples 

Experimental studies 

In the Czech Republic, two experimental studies were conducted on domestic poultry.  
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Animal Assay (cut-off) Conjugate for IFAT Producer 

Cat IFAT (≥40) anti-cat IgG Sigma Aldrich, USA 
Dog IFAT (≥40) anti-dog IgG Sigma Aldrich, USA 

Sheep ELISA (≥50%S/P) – Sigma Aldrich, USA 
Goat ELISA (≥50% S/P) – Sigma Aldrich, USA 

Cattle ELISA (≥50% S/P) – Sigma Aldrich, USA 
Pig ELISA (≥50% S/P) – Sigma Aldrich, USA 

Horse LAT anti-horse IgG VMRD, Pulman, USA 
Chicken Broiler IFAT (≥40) anti-chicken IgG Sigma Aldrich, USA 

Turkey IFAT (≥40) anti-chicken IgG Sigma Aldrich, USA 
Goose IFAT (≥40) anti-duck IgG KPL, USA 
Duck IFAT (≥40) anti-duck IgG KPL, USA 

IFAT – Indirect Fluorescent Antibody Test, ELISA – Enzyme-Linked Immunosorbent Assay, LAT – Latex 
Agglutination Test 

Table 2. Serologic method, cut-off, specific conjugates for IFAT and producer used in domestic animals. 

 

Animals 
T. gondii 

Assay (cut-off) Titres or %S/P Reference 
n positive %

Cat 286 126 44 IFAT (40) 40 – 81920 Sedlak and Bartova 2006b 
Dog 413 107 26 IFAT (40) 40 – 10240 Sedlak and Bartova 2006b 

Sheep 547 325 59 ELISA (50%S/P) 50 – 200 Bartova et al. 2009a 
Goat 251 166 66 ELISA (50%S/P) 56 – 191 Bartova et al. 2012 
Cattle 546 53 9.7 ELISA (50%S/P) 50 – 200 Bartova et al. (unpublished) 

Pig 551 198 36 ELISA (50%S/P) 50 – 337 Bartova and Sedlak 2011 
Horse 552 125 23 LAT – Bartova et al. 2010a 

Poultry 
Chicken 510 0 0 IFAT (40) – Bartova et al. 2009a 
Broiler 293 1 0.3 IFAT (40) 40 Bartova et al. 2009a 
Turkey 60 0 0 IFAT (40) – Bartova et al. 2009a 
Goose 178 77 43 IFAT (40) 40 – 2560 Bartova et al. 2009a 
Duck 360 52 14 IFAT (40) 40 – 320 Bartova et al. 2009a 

IFAT – Indirect Fluorescent Antibody Test, ELISA – Enzyme-Linked Immunosorbent Assay, LAT – Latex 
Agglutination Test 

Table 3. The result of serological examination of domestic animals with method used, cut-off, titres and 
%S/P in positive samples 

Experimental studies 

In the Czech Republic, two experimental studies were conducted on domestic poultry.  
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The first study was conducted on chickens (Gallus domesticus) that were inoculated per os 
with two different doses of T. gondii oocysts (Sedlak et al. 2000b). Antibodies to T. gondii 
were detected by IFAT first on day 14 p.i.; all chickens were serologically positive on days 
21 and 28 p.i. No clinical symptoms were recorded. Parasite T. gondii was isolated from 
heart, muscle, spleen and brain. In one case, no T. gondii was isolated from any organ. Based 
on this experiment chickens seems highly resistant to T. gondii infection.  

The second experimental study was conducted on domestic ducks (Bartova et al. 2004). 
Ducks were inoculated per os with different doses of T. gondii oocysts. Antibodies to T. gondii 
were detected in all ducks by IFAT on day 7 p.i. Antibody titres were found in the range of 
20–640 depending on the infectious dose of the oocysts. From day 14 p.i., antibody titres 
increased to 80–20 480. Bioassay in mice revealed T. gondii in the breast and leg muscles, 
heart, brain, liver and stomach. The infected ducks showed no clinical symptoms, however, 
the results of bioassay indicate that, compared to gallinaceous birds, domestic ducks are 
relatively susceptible to T. gondii infection. 

2.2. Comparison of data obtained 

Cats  

Clinical signs of toxoplasmosis in cats include fever, anorexia, dyspnea, uveitis, pneumonitis 
and others. Kittens can develop acute toxoplasmosis and die from it. The seropositivity 
increases with the age of cat, indicating postnatal transmission of infection. T. gondii anti-
bodies have been found worldwide (Dubey 2010). Seroprevalence varies among countries, 
within different areas of a country and within the same city. In Europe, the highest preva-
lence 76% was found by SFT in Turkey (Karatepe et al. 2008), while the lowest 17% in Israel 
by ELISA (Salant and Spira 2004). In the Czech Republic, we found 44% prevalence by IFAT. 
In the previous studies from the Czech Republic, 17% – 91% prevalence was found by SFT, 
CFT and MPA. During the last 20 years, there is a trend of decreasing seroprevalence espe-
cially in cats staying at home and fed with commercial diet.  

Dogs 

T. gondii antibodies have been found in canine sera worldwide. Seroprevalence increases 
with age indicating postnatal infection, is higher in dogs from rural areas, in dogs housed 
exclusively outdoors, in dogs eating birds, small mammals, meat, viscera and home-cooked 
meals (Lopes et al. 2011b). In Europe, the highest prevalence 75% was found by SFT in 
Turkey (Aktas et al. 1998), while the lowest 5% in Sweden by ELISA (Lunden et al. 2002). In 
the Czech Republic, we found 26% prevalence by IFAT. In the previous studies from the 
Czech Republic, 4% – 58% prevalence was found by SFT or CFT. The lower prevalence is 
recorded in dogs staying at home and fed with commercial diet. 

Sheep 

T. gondii has been recognized as one of the main cause of infective ovine abortion in New 
Zealand, Australia, the United Kingdom, Norway and the United States. In the Czech 
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Republic, not yet a case of toxoplasmic abortion has been recorded in sheep herds. 
Seroprevalence was shown to increase with age, suggesting that animals acquire infection 
postnatally, however transplacental transmission of T. gondii may be more common than 
previously believed. Antibodies to T. gondii have been found in sheep worldwide (Dubey 
2010). There is no validation of any serological test for the detection of T. gondii infection in 
sheep; different methods and cut-off are used.  

In Europe, the highest prevalence 96% was found by ELISA in Turkey (Mor and Arslan 
2007), while the lowest 10% was found in Slovak Republic by SFT (Kovacova 1993). We 
found 59% prevalence by ELISA. In the Czech Republic, 4% – 77% prevalence was found in 
past years. 

Based on experimental studies, T. gondii was more frequently detected in brain and heart 
than in muscles; however T. gondii was detected also in milk (Camossi et al. 2011). Attention 
should be paid to meat or milk consumed without sufficient temperature treatment. 

Goats 

T. gondii antibodies have been found in goats worldwide (Dubey 2010). In Europe, the 
highest prevalence 91% was found by LAT in Netherland (McSporran et al. 1985), while no 
antibodies were found in Poland by IFAT (Gerecki et al. 2005). We found 66% prevalence by 
ELISA. In the Czech Republic, 20% – 86% prevalence was found in past years. 

Goats appear to be more susceptible to clinical toxoplasmosis compared to other domestic 
animals, and even adult goats could die of acute toxoplasmosis. In the Czech Republic, 
toxoplasmosis was diagnosed in two Angora goat herds in South Moravia with an outbreak 
of abortions and births of weak kids; the goats showed also iodine deficiency (Slosarkova et 
al. 1999). Based on several experimental studies conducted on goats, T. gondii was detected 
in liver, muscles, heart, diaphragm, brain, kidneys and could be excreted in semen and milk. 
Attention should be paid to raw goat meat and milk if consumed without sufficient 
temperature treatment.  

Cattle 

Serum antibodies to T. gondii have been found in cattle in many surveys worldwide (Dubey 
2010). In Europe, the highest seroprevalence 92% was found by MAT in Italy (Avezza et al. 
1993), while no antibodies were found in Slovak Republic (Pleva et al. 1997) and Turkey (Oz 
et al. 1995). Actual prevalence rates are likely to be lower than indicated because of problem 
with the specifity of the tests used. The SFT test gives false or erratic results with cattle sera; 
on the other hand a titer of 1:100 or higher in the MAT appears to be indicative of T. gondii 
infection in cattle (Dubey 2010). We found 9.7% seroprevalence by ELISA. In the previous 
studies in the Czech Republic, 2% – 42% seroprevalence was found by SFT and DT.  

There are no confirmed reports of clinical toxoplasmosis in adult cattle. In cattle, T. gondii 
can be transplacentally transmitted resulting in aborts; but it is probably a rare occurrence. 
There is more important parasite Neospora caninum leading to abortion in cattle. In the Czech 
Republic, there is very low prevalence of N. caninum in herds of cattle. The ingestion of beef 
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The first study was conducted on chickens (Gallus domesticus) that were inoculated per os 
with two different doses of T. gondii oocysts (Sedlak et al. 2000b). Antibodies to T. gondii 
were detected by IFAT first on day 14 p.i.; all chickens were serologically positive on days 
21 and 28 p.i. No clinical symptoms were recorded. Parasite T. gondii was isolated from 
heart, muscle, spleen and brain. In one case, no T. gondii was isolated from any organ. Based 
on this experiment chickens seems highly resistant to T. gondii infection.  

The second experimental study was conducted on domestic ducks (Bartova et al. 2004). 
Ducks were inoculated per os with different doses of T. gondii oocysts. Antibodies to T. gondii 
were detected in all ducks by IFAT on day 7 p.i. Antibody titres were found in the range of 
20–640 depending on the infectious dose of the oocysts. From day 14 p.i., antibody titres 
increased to 80–20 480. Bioassay in mice revealed T. gondii in the breast and leg muscles, 
heart, brain, liver and stomach. The infected ducks showed no clinical symptoms, however, 
the results of bioassay indicate that, compared to gallinaceous birds, domestic ducks are 
relatively susceptible to T. gondii infection. 

2.2. Comparison of data obtained 

Cats  

Clinical signs of toxoplasmosis in cats include fever, anorexia, dyspnea, uveitis, pneumonitis 
and others. Kittens can develop acute toxoplasmosis and die from it. The seropositivity 
increases with the age of cat, indicating postnatal transmission of infection. T. gondii anti-
bodies have been found worldwide (Dubey 2010). Seroprevalence varies among countries, 
within different areas of a country and within the same city. In Europe, the highest preva-
lence 76% was found by SFT in Turkey (Karatepe et al. 2008), while the lowest 17% in Israel 
by ELISA (Salant and Spira 2004). In the Czech Republic, we found 44% prevalence by IFAT. 
In the previous studies from the Czech Republic, 17% – 91% prevalence was found by SFT, 
CFT and MPA. During the last 20 years, there is a trend of decreasing seroprevalence espe-
cially in cats staying at home and fed with commercial diet.  

Dogs 

T. gondii antibodies have been found in canine sera worldwide. Seroprevalence increases 
with age indicating postnatal infection, is higher in dogs from rural areas, in dogs housed 
exclusively outdoors, in dogs eating birds, small mammals, meat, viscera and home-cooked 
meals (Lopes et al. 2011b). In Europe, the highest prevalence 75% was found by SFT in 
Turkey (Aktas et al. 1998), while the lowest 5% in Sweden by ELISA (Lunden et al. 2002). In 
the Czech Republic, we found 26% prevalence by IFAT. In the previous studies from the 
Czech Republic, 4% – 58% prevalence was found by SFT or CFT. The lower prevalence is 
recorded in dogs staying at home and fed with commercial diet. 

Sheep 

T. gondii has been recognized as one of the main cause of infective ovine abortion in New 
Zealand, Australia, the United Kingdom, Norway and the United States. In the Czech 
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Republic, not yet a case of toxoplasmic abortion has been recorded in sheep herds. 
Seroprevalence was shown to increase with age, suggesting that animals acquire infection 
postnatally, however transplacental transmission of T. gondii may be more common than 
previously believed. Antibodies to T. gondii have been found in sheep worldwide (Dubey 
2010). There is no validation of any serological test for the detection of T. gondii infection in 
sheep; different methods and cut-off are used.  

In Europe, the highest prevalence 96% was found by ELISA in Turkey (Mor and Arslan 
2007), while the lowest 10% was found in Slovak Republic by SFT (Kovacova 1993). We 
found 59% prevalence by ELISA. In the Czech Republic, 4% – 77% prevalence was found in 
past years. 

Based on experimental studies, T. gondii was more frequently detected in brain and heart 
than in muscles; however T. gondii was detected also in milk (Camossi et al. 2011). Attention 
should be paid to meat or milk consumed without sufficient temperature treatment. 

Goats 

T. gondii antibodies have been found in goats worldwide (Dubey 2010). In Europe, the 
highest prevalence 91% was found by LAT in Netherland (McSporran et al. 1985), while no 
antibodies were found in Poland by IFAT (Gerecki et al. 2005). We found 66% prevalence by 
ELISA. In the Czech Republic, 20% – 86% prevalence was found in past years. 

Goats appear to be more susceptible to clinical toxoplasmosis compared to other domestic 
animals, and even adult goats could die of acute toxoplasmosis. In the Czech Republic, 
toxoplasmosis was diagnosed in two Angora goat herds in South Moravia with an outbreak 
of abortions and births of weak kids; the goats showed also iodine deficiency (Slosarkova et 
al. 1999). Based on several experimental studies conducted on goats, T. gondii was detected 
in liver, muscles, heart, diaphragm, brain, kidneys and could be excreted in semen and milk. 
Attention should be paid to raw goat meat and milk if consumed without sufficient 
temperature treatment.  

Cattle 

Serum antibodies to T. gondii have been found in cattle in many surveys worldwide (Dubey 
2010). In Europe, the highest seroprevalence 92% was found by MAT in Italy (Avezza et al. 
1993), while no antibodies were found in Slovak Republic (Pleva et al. 1997) and Turkey (Oz 
et al. 1995). Actual prevalence rates are likely to be lower than indicated because of problem 
with the specifity of the tests used. The SFT test gives false or erratic results with cattle sera; 
on the other hand a titer of 1:100 or higher in the MAT appears to be indicative of T. gondii 
infection in cattle (Dubey 2010). We found 9.7% seroprevalence by ELISA. In the previous 
studies in the Czech Republic, 2% – 42% seroprevalence was found by SFT and DT.  

There are no confirmed reports of clinical toxoplasmosis in adult cattle. In cattle, T. gondii 
can be transplacentally transmitted resulting in aborts; but it is probably a rare occurrence. 
There is more important parasite Neospora caninum leading to abortion in cattle. In the Czech 
Republic, there is very low prevalence of N. caninum in herds of cattle. The ingestion of beef 



 
Toxoplasmosis – Recent Advances 

 

62 

or dairy products is not considered important in the epidemiology of T. gondii because cattle 
are not a good host for this parasite. Attempts to isolate T. gondii from cattle tissues have 
been unsuccessful, that is why it does not present risk of infection for humans. 

Pigs 

Clinical manifestation of toxoplasmosis in pigs could include diarhea, encephalitis, pneu-
monitis, necrotic hepatitis and abortion. Surveys based on the presence of T. gondii antibod-
ies in blood sera of pigs have been reported worldwide (Dubey 2010). In Europe, T. gondii 
prevalence declined in the last decade especially because of good management system. 
There is a different sensitivity and specifity of the assays used for serosurveys in the follow-
ing order MAT, IHA, LAT and ELISA starting with the most sensitive one. Good correlation 
was obtained between ELISA and MAT. In Europe, the highest prevalence 64% was found 
by IFAT in Italy (Genchi et al. 1991), while only 1% prevalence was found by the same 
method used in Austria (Edelhofer 1994). In the Czech Republic, we found 36% prevalence 
by ELISA. In the previous studies from the Czech Republic, 0 – 38% prevalence was found 
by SFT, CFT or MPA. 

The higher prevalence is found among pigs from small backyard operations, while the 
prevalence among pigs from traditional large farms and modern large-scale farms is usually 
lower. Attention should be paid if pork meat is consumed nearly raw or without sufficient 
temperature treatment.  

Horses 

Horses have been shown to be susceptible to Toxoplasma infection (Tassi 2006) however 
there is no confirmed report of clinical toxoplasmosis. Serum antibodies to T. gondii have 
been found in horses in many surveys worldwide (Dubey 2010). In Europe, the highest 
prevalence 37% was found by SFT in Turkey (Gazayagci et al. 2011), while the lowest 1% in 
Sweden by DAT (Jakubek et al. 2006). In the Czech Republic, we found 23% by LAT. In the 
previous studies from the Czech Republic, 4 – 11% prevalence was found by SFT or CFT.  

By reason that equine meat represents an important source of food in many human 
communities, infected equine meat could represent potential risk of T. gondii infection for 
humans.  

Poultry 

In general, there is a different sensitivity of birds to T. gondii infection. Owls and other pred-
atory birds and domestic poultry seem to be resistant to T. gondii infection, while e.g. rock 
partridge (Alectoris graeca), pigeons and canaries are highly susceptible to toxoplasmosis. In 
Europe, there were some reports of birds (galliformes, columbiformes, psittaciformes and 
passeriformes) that died due to toxoplasmosis (Dubey 2010). Toxoplasmosis can also lead to 
drop in egg production and high mortality in embryonated eggs. In the Czech Republic, 
confirmed clinical toxoplasmosis has not been recorded in birds. Little is known concerning 
the validity of the serologic tests for the detection of T. gondii antibodies in avian sera. It is 
preferred to use MAT, nevertheless other methods such as SFT, CFT, ELISA and IFAT have 
been used worldwide.  
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We found higher prevalence in water fowls (43% and 14% in goose and ducks, respectively) 
compared to gallinaceous poultry (0.3% in broiler; turkeys and chickens were negative). In 
Europe, higher prevalence 36% was found in chicken from Austria by MAT (Dubey et al. 
2005), or 20% in turkeys by ELISA in Germany (Koethe et al. 2011). 

T. gondii have been isolated from brain, heart and leg muscles, but not from the pectoral 
muscle and liver (Dubey et al. 1993).  

3. Toxoplasmosis in game animals 

3.1. Recent data from the Czech Republic 

Serological studies 

In majority of game animals, the course of infection is subclinical. However, considering the 
high prevalence of T. gondii infection in game animals, they should be taken into account as 
the possible source of infection for human.  

A total of 1618 game animals were tested, including 720 wild ruminants or ruminants living 
in reservations (377 red deer, 79 roe deer, 14 sika, 143 fallow deer, 105 mouflon and 2 rein-
deer), 565 wild boars and 333 hares. The animals came from 3 – 11 districts of the Czech 
Republic (Figure 1).  

Sera of game animals were tested for T. gondii antibodies by an IFAT, using the Sevatest 
Toxoplasma Antigen IFR (Sevac) and specific conjugates (Table 4). Sera with titer ≥40 were 
marked as positive.  

 
Animal Conjugate for IFAT Producer 

Wild boar anti-swine Ig G Sigma, Praha 
Hare anti-rabbit Ig G Sigma Aldrich, USA 

Red deer anti-deer Ig G KPL Inc. Maryland 
Sika anti-deer Ig G KPL Inc. Maryland 

Fallow deer anti-deer Ig G KPL Inc. Maryland 
Roe deer anti-deer Ig G KPL Inc. Maryland 
Mouflon anti-goat Ig G VMRD, USA 
Reindeer anti-deer Ig G KPL Inc. Maryland 

IFAT – Indirect Fluorescent Antibody Test 

Table 4. Specific conjugates for IFAT and producer used in game animals. 

In a group of game animals, T. gondii antibodies were detected in 32% wild ruminants (50% 
in sika, 45% red deer, 24% roe deer, 17% fallow deer, 9% mouflon, and in one reindeer), 26% 
wild boars and 20% hares. The results of serological examination including the number of 
samples tested, the method and cut-off used, the number and percentage of positive 
samples, titres obtained in positive samples and reference about published data are 
summarized in Table 5. 
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or dairy products is not considered important in the epidemiology of T. gondii because cattle 
are not a good host for this parasite. Attempts to isolate T. gondii from cattle tissues have 
been unsuccessful, that is why it does not present risk of infection for humans. 

Pigs 

Clinical manifestation of toxoplasmosis in pigs could include diarhea, encephalitis, pneu-
monitis, necrotic hepatitis and abortion. Surveys based on the presence of T. gondii antibod-
ies in blood sera of pigs have been reported worldwide (Dubey 2010). In Europe, T. gondii 
prevalence declined in the last decade especially because of good management system. 
There is a different sensitivity and specifity of the assays used for serosurveys in the follow-
ing order MAT, IHA, LAT and ELISA starting with the most sensitive one. Good correlation 
was obtained between ELISA and MAT. In Europe, the highest prevalence 64% was found 
by IFAT in Italy (Genchi et al. 1991), while only 1% prevalence was found by the same 
method used in Austria (Edelhofer 1994). In the Czech Republic, we found 36% prevalence 
by ELISA. In the previous studies from the Czech Republic, 0 – 38% prevalence was found 
by SFT, CFT or MPA. 

The higher prevalence is found among pigs from small backyard operations, while the 
prevalence among pigs from traditional large farms and modern large-scale farms is usually 
lower. Attention should be paid if pork meat is consumed nearly raw or without sufficient 
temperature treatment.  

Horses 

Horses have been shown to be susceptible to Toxoplasma infection (Tassi 2006) however 
there is no confirmed report of clinical toxoplasmosis. Serum antibodies to T. gondii have 
been found in horses in many surveys worldwide (Dubey 2010). In Europe, the highest 
prevalence 37% was found by SFT in Turkey (Gazayagci et al. 2011), while the lowest 1% in 
Sweden by DAT (Jakubek et al. 2006). In the Czech Republic, we found 23% by LAT. In the 
previous studies from the Czech Republic, 4 – 11% prevalence was found by SFT or CFT.  

By reason that equine meat represents an important source of food in many human 
communities, infected equine meat could represent potential risk of T. gondii infection for 
humans.  

Poultry 

In general, there is a different sensitivity of birds to T. gondii infection. Owls and other pred-
atory birds and domestic poultry seem to be resistant to T. gondii infection, while e.g. rock 
partridge (Alectoris graeca), pigeons and canaries are highly susceptible to toxoplasmosis. In 
Europe, there were some reports of birds (galliformes, columbiformes, psittaciformes and 
passeriformes) that died due to toxoplasmosis (Dubey 2010). Toxoplasmosis can also lead to 
drop in egg production and high mortality in embryonated eggs. In the Czech Republic, 
confirmed clinical toxoplasmosis has not been recorded in birds. Little is known concerning 
the validity of the serologic tests for the detection of T. gondii antibodies in avian sera. It is 
preferred to use MAT, nevertheless other methods such as SFT, CFT, ELISA and IFAT have 
been used worldwide.  
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We found higher prevalence in water fowls (43% and 14% in goose and ducks, respectively) 
compared to gallinaceous poultry (0.3% in broiler; turkeys and chickens were negative). In 
Europe, higher prevalence 36% was found in chicken from Austria by MAT (Dubey et al. 
2005), or 20% in turkeys by ELISA in Germany (Koethe et al. 2011). 

T. gondii have been isolated from brain, heart and leg muscles, but not from the pectoral 
muscle and liver (Dubey et al. 1993).  

3. Toxoplasmosis in game animals 

3.1. Recent data from the Czech Republic 

Serological studies 

In majority of game animals, the course of infection is subclinical. However, considering the 
high prevalence of T. gondii infection in game animals, they should be taken into account as 
the possible source of infection for human.  

A total of 1618 game animals were tested, including 720 wild ruminants or ruminants living 
in reservations (377 red deer, 79 roe deer, 14 sika, 143 fallow deer, 105 mouflon and 2 rein-
deer), 565 wild boars and 333 hares. The animals came from 3 – 11 districts of the Czech 
Republic (Figure 1).  

Sera of game animals were tested for T. gondii antibodies by an IFAT, using the Sevatest 
Toxoplasma Antigen IFR (Sevac) and specific conjugates (Table 4). Sera with titer ≥40 were 
marked as positive.  

 
Animal Conjugate for IFAT Producer 

Wild boar anti-swine Ig G Sigma, Praha 
Hare anti-rabbit Ig G Sigma Aldrich, USA 

Red deer anti-deer Ig G KPL Inc. Maryland 
Sika anti-deer Ig G KPL Inc. Maryland 

Fallow deer anti-deer Ig G KPL Inc. Maryland 
Roe deer anti-deer Ig G KPL Inc. Maryland 
Mouflon anti-goat Ig G VMRD, USA 
Reindeer anti-deer Ig G KPL Inc. Maryland 

IFAT – Indirect Fluorescent Antibody Test 

Table 4. Specific conjugates for IFAT and producer used in game animals. 

In a group of game animals, T. gondii antibodies were detected in 32% wild ruminants (50% 
in sika, 45% red deer, 24% roe deer, 17% fallow deer, 9% mouflon, and in one reindeer), 26% 
wild boars and 20% hares. The results of serological examination including the number of 
samples tested, the method and cut-off used, the number and percentage of positive 
samples, titres obtained in positive samples and reference about published data are 
summarized in Table 5. 
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Animals 
T. gondii 

Assay              (cut-off) Titres Reference 
n positive %

Wild boar 565 148 26 IFAT (40) 40 – 1280 Bartova et al. 2006 
Hares 333 71 20 IFAT (40) 40 – 640 Bartova et al. 2010b 

Wild ruminants
Red deer 377 169 45 IFAT (40) 40 – 640 Bartova et al. 2007 
Roe deer 79 19 24 IFAT (40) 40 – 160 Bartova et al. 2008 

Sika 14 7 50 IFAT (40) 80 – 320 Bartova et al. 2009 
Fallow deer 143 24 17 IFAT (40) 40 – 160 Bartova et al. 2010 

Mouflon 105 9 9 IFAT (40) 40 – 320 Bartova et al. 2011 
Reindeer 2 1 IFAT (40) 80 Bartova et al. 2012 

IFAT – Indirect Fluorescent Antibody Test, ELISA – Enzyme-Linked Immunosorbent Assay, LAT – Latex 
Agglutination Test 

Table 5. The result of serological examination of game animals with the sample number, the method 
and cut-off used, titres in positive samples and references. 

Experimental studies 

In the Czech Republic, two experimental studies were conducted on game animals.  

The first study was conducted on hares (Sedlak et al. 2000a). Hares were experimentally 
infected with T. gondii oocysts. Most infected hares demonstrated behavioural changes, 
and all of them died between 8 and 19 days. In all hares, parasitemia was demonstrated 
on days 7 and 12 p.i. T. gondii was isolated from liver, brain, spleen, kidney, lung, heart 
and skeletal muscles. Based on this result, hares seem to be very sensitive species to T. 
gondii infection.  

The second study was conducted on gallinaceous game birds (Sedlak et al. 2000b). 
Partridges (Perdix perdix), chukars (Alectoris chukar), wild guineafowl (Numida meleagris) and 
wild turkeys (Meleagris gallopavo) were inoculated per os with two doses of T. gondii oocysts. 
Antibodies to T. gondii were detected in the birds by IFAT first on day 7 p.i. Two of five 
partridges fed 103 oocysts and six of eight partridges fed 105 oocysts died between day 6 and 
16 p.i. No clinical symptoms were observed in surviving birds, however enteritis was the 
most striking lesion in partridges that died. Bioassay in mice revealed T. gondii in the brain, 
liver, spleen, heart and leg muscles of all partridges and chukars. These results indicate that 
partridges are highly susceptible to toxoplasmosis, while chukars, wild guineafowls and 
turkeys seem to be less susceptible. 

3.2. Comparison of data obtained 

Wild boars 

In Europe, the highest seroprevalence 100% was found in wild boars from Portugal (Lopes 
et al. 2011b) or 44% in wild boars from Spain (Closa-Sebastia et al. 2011); while the lowest 
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prevalence 8% was found in wild boars from Slovak Republic (Antolova et al. 2007). In the 
Czech Republic we found 26% prevalence by IFAT. This prevalence was higher compared to 
0% – 15% prevalence found by SFT in the previous studies from the Czech Republic.  

The meat of wild boars may harbour tissue cysts of T. gondii and may represent a vehicle 
of human toxoplasmosis infection. Hejlicek et al. (1997) found tissue cysts in 2% examined 
wild boars from the Czech Republic, while in the neighbouring Slovakia, T. gondii was 
isolated from 31% of wild boars (Catar 1972). Hunters and their families consuming meat 
from wild boars should be aware of T. gondii infection and advised to take precautions. It 
is highly recommended to cook meat from wild boars thoroughly before human 
consumption. 

Hares 

There are several reports of T. gondii infection in hares from Europe (Dubey 2010). The 
highest seroprevalence 46% was found in hares from Germany (Frolich et al. 2003); in 
contrast no antibodies were detected in hares from Sweeden (Gustafsson and Uggla 1994). 
In the Czech Republic, we found 20% prevalence by IFAT. This result is comparable with 
4% – 31% prevalence found in previous studies by SFT or MPA. Based on the results of 
experimental infection, hares seem to be sensitive to T. gondii infection; T. gondii was 
isolated from liver, brain, spleen, kidney, lung, heart and skeletal muscles (Sedlak et al. 
2000).  

Wild ruminants 

T. gondii infection in game animals is of epidemiological significance. Deer are strictly herbi-
vores and that is why the high prevalence of T. gondii in deer suggests widespread contami-
nation of the environment with T. gondii oocysts. In red deer, the highest seroprevalence 
32% was found by SFT in Scotland (Williamson and Williams 1980), while the lowest 8% by 
DAT in Norway (Vikoren et al. 2004). We found relatively high prevalence 45% by IFAT in 
red deer from the Czech Republic. In roe deer, the highest prevalence 63% was found in 
Norway and Sweden by SFT (Kapperud 1978), while the lowest 13% prevalence was found 
in Austria by IHA (Edelhofer et al. 1989). In the Czech Republic, we found 24% prevalence 
by IFAT that was also in range 14% – 58% prevalence found in our country in previous 
studies. In fallow deer, we found 17% prevalence that is comparable with 24% prevalence 
found in Spain by MAT (Gauss et al. 2006). In the Czech Republic, we found 9% prevalence 
in mouflon that is lower compared to 23% prevalence found in France (Aubert et al. 2010). 
In case of reindeer, only two animals were examined in the Czech Republic. This is very low 
number that is why it is not possible to compare it with 1% prevalence found in Norway by 
DAT (Vikoren et al. 20004).  

Deer are popular game animals in several countries. The meat of deer may harbour tissue 
cysts of T. gondii and may represent a vehicle of human toxoplasmosis infection. Toxoplas-
mosis infection in men was documented after consummation of raw or nearly raw deer 
meat in USA (Sacks et al. 1983, Ross et al. 2001). 
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Animals 
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Roe deer 79 19 24 IFAT (40) 40 – 160 Bartova et al. 2008 
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4. Toxoplasmosis in zoo animals 

4.1. Recent data from the Czech Republic 

Serological studies 

In a group of zoo animals, 556 animals belonging to 114 species were tested (5 species of 
primates, 28 species of carnivores, 8 species of perissodactyla and 73 species of artiodactyla). 
The animals came from 12 zoo and 4 small private exotic centres in the Czech Republic. 

Sera of zoo animals were tested for T. gondii antibodies by an IFAT, using the Sevatest 
Toxoplasma Antigen IFR (Sevac) and specific conjugates (Table 6). Sera with titer ≥40 were 
marked as positive.  
 

Order and family 
Indirect Fluorescent Antibody Test (IFAT) 

Conjugate for IFAT Producer of conjugate 
Primates 

Cercopithecidae anti-monkey IgG Sigma-Aldrich s.r.o., Praha 
Hominidae anti-human IgG Sevapharma, Praha 

Carnivora 
Canidae anti-dog IgG Sigma-Aldrich s.r.o., Praha 
Felidae anti-cat IgG Sigma-Aldrich s.r.o., Praha 

Hyaenidae anti-cat IgG Sigma-Aldrich s.r.o., Praha 
Mustelidae anti-cat IgG Sigma-Aldrich s.r.o., Praha 
Otariidae anti-cat IgG Sigma-Aldrich s.r.o., Praha 
Ursidae anti-cat IgG Sigma-Aldrich s.r.o., Praha 

Viveridae anti-cat IgG Sigma-Aldrich s.r.o., Praha 
Perissodactyla 

Equidae anti-horse IgG VMRD, Pullman, USA 
Artiodactyla 

Bovidae anti-bovine IgG, anti-goat IgG VMRD, Pullman, USA 
Cameliae anti-llama IgG VMRD, Pullman, USA 
Cervidae anti-deer IgG KPL, Gaithersburg, Maryland 

Suidae anti-swine IgG Sigma-Aldrich s.r.o., Praha 

Table 6. Specific conjugates for Indirect Fluorescent Antibody Test and their producer used in zoo 
animals. 

In a group of zoo animals, T. gondii antibodies were detected in 193 of 556 (35%) animals, 
representing 72 of 114 species tested (Sedlak and Bartova, 2006a). According to order, 
T. gondii antibodies were found in 90% carnivorous, 45% primates, 33% perissodactyles and 
22% artiodactyles. According to families, T. gondii antibodies were found in ursidae (100%), 
felidae (93%), canidae (88%), hominidae (73%), equidae (33%), suidae (29%), cervidae (27%), 
camelidae (26%), bovidae (20%), cercopithecidae (18%) and in 3 animals of hyeenidae, 2 
animals of mustelidae and 2 animals of viveridae. The highest prevalence 100% was found 
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in Eurasian wolf (Canis l. lupus), Maned wolf (Chrysocyon brachyurus) and Sumatran tiger 
(Panthera t. sumatrae). The highest titre 40960 was found in Pallas´s cat (Otocolobus manul). 
The results of serological examination of zoo animals are summarized in Table 7. 
 

Order and Family n T. gondii 
Positive % 

Primates 22 10 45 
   Cercopithecidae 11 2 18 
   Hominidae 11 8 73 
Carnivora 87 78 90 
   Canidae 32 28 88 
   Felidae 41 38 93 
   Hyaenidae 3 3  
   Mustelidae 2 2  
   Otariidae 2 0  
   Ursidae 5 5 100 
   Viveridae 2 2  
Perissodactyla    
   Equidae 46 15 33 
Artiodactyla 401 90 22 
   Bovidae 265 53 20 
   Cameliae 19 5 26 
   Cervidae 110 30 27 
   Suidae 7 2 29 

Table 7. The result of serological examination of zoo animals 

4.2. Experimental studies and cases of clinical toxoplasmosis 

In the Czech Republic, experimental infection was conducted on budgerigars (Melopsittacus 
undulatus) that were orally inoculated with T. gondii oocysts with different doses (Kajerova 
et al. 2003). T. gondii antibodies were found by LAT in all birds. The birds showed no 
apparent signs of disease. T. gondii was isolated by bioassay in mice from all birds fed 103 or 
more oocysts. The results show that budgerigars are resistant to T. gondii infection. 

Cases of clinical toxoplasmosis in the Czech Republic were recorded in nilgais (Boselaphus 
tragocamelus) and saiga antelope (Saiga tatarica) (Sedlak et al. 2004). Three captive female 
nilgais aborted two fetuses and two of their newborn calves died within two days of birth. 
Parasite T. gondii was demonstrated in the brains and livers of both fetuses and in one of the 
two neonates by single-stage polymerase chain reaction (PCR) with TGR1E and by semi-
nested PCR with B1 gene. Retrospectively, antibodies titers ≥640 were found by IFAT in the 
sera of all three female nilgais and in one male nilgai used to breed them. Fatal toxoplasmo-
sis was diagnosed in one captive adult female saiga antelope. Tissues cysts of T. gondii were 
found in the liver, lung, spleen, kidney, and intestine of saiga antelope. Toxoplasmosis was 
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confirmed also by PCR with TGR1E and immunohistochemically. Toxoplasmic hepatitis and 
pneumonia were considered to be a primary cause of death. 

The other cases of fatal toxoplasmosis were recorded in year 2004 in seven Pallas cats in 
several zoos in the Czech Republic (Sedlak and Vodicka 2005). 

4.3. Comparison of data obtained 

There are many reports on toxoplasmosis in zoo animals. Marsupials, New World monkeys, 
hares and some small ruminants belong to the most sensitive to clinic toxoplasmosis. Fatal 
toxoplasmosis was also recorded e.g. in captive dik-dik and Pallas cats from zoo in USA 
(Riemann et al. 1974; Dubey et al. 2002), in lions from a zoo in Africa (Ocholi et al. 1989) and 
in a Siberian tiger from a zoo in Belgium (Dorny et al. 1989). In the Czech Republic, fatal 
toxoplasmosis was recorded in saiga and nilgais antelopes from Prague and Chomutov zoos 
(Sedlak et al. 2004) and in Pallas cats (Sedlak and Vodicka 2005).  

In our study, antibodies to T. gondii were found in 90% carnivora, 45% of primates, 33% 
perissodactyla and 22% artiodactyla. When compared to other similar study concerning 
zoo animals, T. gondii antibodies were found in 47% carnivora, 25% artiodactyla and 23% 
primates (Gorman et al. 1986). We found 93% prevalence in felids; that is higher when 
compared with 32%, 64.9% or 75.8% prevalence found in felids from zoo in California 
(Riemann et al. 1974), Brazil (Silva et al. 2001) and Florida (Lappin et al. 1991), 
respectively.  

The potential source of T. gondii infection for carnivores is meat contaminated with T. gondii 
tissue cysts; herbivores can be infected by food contaminated with T. gondii oocysts and 
omnivorous animals by both ways. To prevent spreading of T. gondii infection among zoo 
animals, cats, including all wild felids should be housed in buildings separated from other 
animals, particularly the most sensitive marsupials and New World monkeys. There must 
be protection against free access of domestic cats to sources of food and water or into the 
buildings with animals, especially those that are the most sensitive to toxoplasmosis. Feline 
faeces should be removed daily to prevent sporulation of oocysts.  

5. Further research 

Further work should focus on serological studies in other animal groups that are 
neglected but may represent a risk of infection for humans in case of consumption of their 
meat or other products. Such animals include, for example, rabbits, ostriches, pigeons, 
pheasants and mallard ducks. In addition, rodents, wild birds and wild carnivores (foxes, 
marten and others) may play an important part in the circulation of T. gondii infection in 
nature and thus represent a risk of infection for wildlife, domestic animals and human 
people alike. Serological studies should be supplemented with an evaluation of the 
infection risk factors and with the use of molecular methods to detect T. gondii in animal 
products, as well as to characterize T. gondii genotypes circulating in animal populations 
in the Czech Republic. 
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1. Introduction 

The health status of livestock largely reflects on the human population. Livestock is 
important in terms of production of safe foodstuffs or breeding purposes. 

Infections caused by pathogenic protozoa give rise to frequent problems mainly in tropical 
and subtropical regions, where they are widespread. It is reported that up to 4000 protozoa 
live as parasites. Worldwide, the most prevalent protozoan infection is malaria, while the 
most prevalent infection in the Slovak Republic is toxoplasmosis, by which the 30% of 
population are infected on average.  

Parasitic pathogenic protozoa largely parasitize intracellularly, the course of these infections 
is acute, often cause the death. On the other hand, they can progress subclinically. The latent 
respectively chronic stage can follow the acute form and infections can persist throughout 
the whole life of the host. The course of the disease mostly depends also on the pathological 
agents. They stimulate the innate and adaptive immune response of the host. In mostly 
protozoan infections the immune response is not so sufficiently effective for a complete 
destruction of the parasite. This situation ensures the survival of the parasite and it is the 
characteristic feature for mostly protozoan infections.  

Since a total elimination of the influence of negative factors (including pathogens) in each 
animal species is impossible, in the case of an unexpected outbreak of disease the solution is 
in its rapid and reliable diagnostics. The detection of pathogens as infection agents is carried 
out in laboratories using multiple techniques. The direct proof of parasite is usually 
microscopically and it is clear confirmation of infection. In systematic infections where the 
direct proof of parasite is unlikely serological methods are carried out in diagnostics for 
detection of antigen or antibody present in the biological samples. Serological methods often 
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don´ t solve the problems of diagnosis in the early stage of infection or in the case of latent 
infection. For diagnostics of these stages are required more sensitive laboratory methods. In 
At present molecular methods based on the detection of the nucleic acid are used in the 
laboratories. A polymerase chain reaction (PCR - standard or quantitative) has wide range 
of using in the detection of parasites.  

Toxoplasmosis is an acute parasitic infection monitored based on the epidemiological 
situation in the country. Therefore it is necessary to interconnect an epidemiological 
monitoring of infection in humans and animals because of a zoonotic character of this 
infection.  

We here review the information available on the seroprevalence of T. gondii infection in 
livestock and pet animals in Slovakia. In addition we discuss the various serological and 
molecular methods available for the diagnosis of toxoplasmosis (in animals) and suggest a 
diagnostic approach based our data.  

2. Basic characteristics about T. gondii 

Toxoplasma gondii is a protozoan parasite of great medical and veterinary importance. 
Toxoplasmosis is one of the most common parasitic zoonoses in the world afflicting a broad 
range of both mammals and birds. The aetiological agent is T. gondii whose definite hosts 
are representatives of the family of Felidae infected by oocysts from the environment, or by 
tachyzoites and bradyzoites from intermediary hosts, such as all kinds of vertebrates, 
including humans. It is a pantropical cosmopolite and facultative heterogenic coccidia. T. 
gondii causes a mild infection in immuno-competent hosts, but in the immuno-compromised 
hosts, foetus and neonates, toxoplasmosis is severe even leading to death [1].  

Toxoplasmosis may affect a number of organs, but it primarily affects lungs, the CNS 
(central nervous system) and eyes. Canine and feline toxoplasmosis is a multi-systemic 
disease; however a latent form of the disease usually develops. Dogs may act as a 
mechanical factor in transmitting toxoplasmosis to humans by rolling in foul-smelling 
substances and by ingesting fecal material. Just remember that 50% of stray dogs and dogs 
carry T. gondii antibodies, which means that they have been infected and may transmit the 
parasite. Cats are very important hosts in the epidemiological cycle of T. gondii, a zoonotic 
protozoan parasite that can infect humans and many other animal species worldwide. 
People and especially immuno-compromised individuals and pregnant women should 
observe the hygienic principles not only after contact with soil, cats, before eating, but also 
after contact with dogs. In gravid animals, particularly in sheep and goats, the T. gondii 
infection causes embryonic mortality, foetus death or abortion depending on the stage of 
gravidity in which the infection occurred. Variation in the clinical presentation and severity 
of disease has been attributed to several factors, including the heterogeneity of the host and 
the genotype of the infective parasite. The sources of the contamination by oocysts are 
mainly moist and shady places with the occurrence of cats where are suitable conditions for 
surviving of oocysts for a long period in the external environment [2]. Sheep were in fact the 
first mammals in which congenital toxoplasmosis were proven with abortions, dead-born 
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fetuses and frequent manifestations of infection including infertility. The first case of 
manifest toxoplasmosis in sheep with symptoms of encephalomyelitis and tachycardia was 
described by Olafson and Monlux [3]. Sheep are most frequently infected with T. gondii from 
environment, i.e. from feed and pasture. 

 
Figure 1. T. gondii - life cycle 

3. T. and the immune system 

T. gondii is able to survive and persist in immuno-competent intermediate hosts for the 
host’s life. This is despite the induction of a vigorous humoral and more importantly cell-
mediated immune response during infection. T. gondii has evolved multiple strategies to 
avoid or to interfere with potentially efficient anti-parasitic immune responses of the host 
immune evasion includes indirect mechanisms by altering the expression and secretion of 
immunomodulatory cytokines or by altering the viability of immune cells and direct 
mechanisms by establishing a lifestyle within a suitable intracellular niche and by 
interference with intracellular signaling cascades, thereby abolishing a number of 
antimicrobial effector mechanisms of the host [4]. 

4. Non-specific immune response  

In immuno-competent hosts this parasite activates asymptomatic chronic infection, what 
make possible its transmission and survival. The infection of T. gondii may be lethal for 
immuno-compromised patients. At the beginning of immune response parasite changes to 
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bradyzoites, which persist in tissue cyst for life. T. gondii is capable of triggering the non-
specific activation of macrophages and natural killer cells (NK-cells) along with other 
haematopoietic and non-haematopoietic cells. This activation is intended to limit parasite 
proliferation due to its direct or indirect cytotoxic action and to trigger a specific immune 
response due to the presentation of T. antigens. Non-specific response begins immediately 
following the first contact between the parasite and the host [5]. NK-cells take part in early 
phase of immune response. During the early phase of the infection, it is through the 
combined and synergetic action of the NK-cells and the macrophages, activated by IFN-γ. In 
activated macrophages vacuoles of lived tachyzoites merge with lysosomes and then follow 
out the destruction of parasites. Neutrophils and, very probably, eosinophils, and mast cells 
rapidly interfere to the infection and are involved in setting up a non-specific early immune 
response via the production of IL-12 and various proinflammatory factors [6]. 

5. Specific immune response 

The non-specific immune response has led to differentiation of macrophages and B-
lymphocytes into antigen presenting cells. The effector cells are stimulated by dendritic cells 
presenting the antigen to T-lymphocytes. This mechanism requires a close interaction 
between the antigen presenting cell and the T-lymphocytes [7]. The interaction of parasite 
with mechanisms of non-specific immune response is important to orientation of progress of 
specific immunity. The induction of IL-12 and then IFN-γ stimulate the progression of Th1 
subpopulations so that polarize the immune response for behoof cellular immunity. After 
acute infection, the cells presenting antigens (macrophages) are exciting to produce IL-12 
and initiate differentiation of immature CD4 T-lymphocytes to Th1. The cellular immunity 
initiates the production of IFN-γ. This cytokine effects as a major mediator of cellular 
immunity during toxoplasmosis. The key function in specific immune response plays T-
lymphocytes. These effector cells, which are involved in resistance to T. infection, then exert 
their function via a cytotoxic activity and/or the secretion of cytokines involved in the 
regulation of immune response [8]. 

CD4+ and CD8+ T-lymphocytes are the main players involved in resistance of the host to T. 
infection CD4+ T-lymphocytes are required for the development of resistance during the 
early phase of the infection, and for immunity during vaccination. The CD8+ T-lymphocytes 
exert a cytotoxic activity against tachyzoites or cells infected with T. gondii [9]. 

6. Humoral immune response 

Antibodies play a minor role but remain the essential means for diagnosing toxoplasmosis. 
The production of specific IgG antibodies usually begins 4 weeks after the infection and can 
continue for several months while the dynamics of antibody production does not yield 
substantial change during the course of disease. IgG are the second immunoglobulins to 
appear in toxoplasmosis. They play a role in protection of the foetus because they are 
capable of crossing the placenta. The main target antigens of IgG are the surface antigens of 
the parasite [6].  
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IgM antibodies may appear earlier and decline more rapidly than IgG antibodies. The serum 
IgM only appears at the end of the first week following infection. These immunoglobulins 
are the best activators of the complement system. Due to their structure, they enable 
excellent agglutination and have a high level of cytotoxicity. This phenomenon is used 
especially in serological diagnosis techniques. Their persistence is subject to a high level of 
individual variation and can be as much as a year in most cases, thanks to the use of 
increasingly sensitive detection techniques [6].  

IgA may be detected in sera of actuely infected adults and congenitally infected infants. In 
acquired toxoplasmosis, the appearance of IgA is not systematic. In immunodepressed 
subjects, IgA is thought to be an early marker in 50 % of cases. In congenital toxoplasmosis, 
the detection of IgA is valuable, since these can be detected in the absence of IgM. IgA (like 
IgM) do not cross the placenta and are actively involved in the diagnosis of congenital 
toxoplasmosis [2,13].  

IgE antibodies are detectable in sera of actually infected adults, congenitally infected infants 
and children with congenital toxoplasmic chorioretinitis. The appearance on IgE in acute or 
congenital toxoplasmosis is random. The presence of this isotype is correlated with the 
beginning of complications, such as adenopathies, chorioretinitis, and T. reactivations in 
immunodepressed subjects [1]. 

7. Acute and chronic infection 

Cell-mediated immune responses are essential for host control of intracellular infections. T. 
gondii is a protozoan parasite that infects multiple vertebrate species and invades multiple 
cell types. Upon initial encounter with the immune system, the parasite rapidly induces 
production of the protective cytokine IL-12 most likely from a subpopulation of dendritic 
cells. NK and T-lymphocytes are then activated and triggered to synthesize IFN-γ, the major 
mediator of host resistance during the acute and chronic phases of infection. Cytokine (IFN-
γ and TNF-alpha) rather than cytotoxicity-based effector functions are more critical for 
protective immunity both during the acute and chronic phases of T. gondii infection. [10]. 

The T-lymphocytes, macrophages, and activity of interleukin IL-12 and IFN-γ is necessary 
for maintaining quiescence of chronic T gondii infection. IFN-γ stimulates anti-T. gondii 
activity, not only of macrophages, but also of nonphagocytic cells. TNF-alpha is another 
cytokine essential for control of chronic infection with T. gondii [11]. 

8. Congenital infection 

Congenital toxoplasmosis poses a public health problem, being capable of causing foetal death 
and ocular and neurological sequelae in congenitally infected children. Congenital infection 
occurs only when mothers first encounter T. gondii during pregnancy. Resistance to T. gondii is 
mainly mediated by protective cytokines, such as IFN-γ and interleukin 2 (IL-2), whereas 
regulatory cytokines, such as IL-4 and IL-10, are associated with increased susceptibility to 
infection. Susceptibility of the pregnant host to toxoplasmosis may be due to a regulatory 
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exert a cytotoxic activity against tachyzoites or cells infected with T. gondii [9]. 

6. Humoral immune response 

Antibodies play a minor role but remain the essential means for diagnosing toxoplasmosis. 
The production of specific IgG antibodies usually begins 4 weeks after the infection and can 
continue for several months while the dynamics of antibody production does not yield 
substantial change during the course of disease. IgG are the second immunoglobulins to 
appear in toxoplasmosis. They play a role in protection of the foetus because they are 
capable of crossing the placenta. The main target antigens of IgG are the surface antigens of 
the parasite [6].  
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IgM antibodies may appear earlier and decline more rapidly than IgG antibodies. The serum 
IgM only appears at the end of the first week following infection. These immunoglobulins 
are the best activators of the complement system. Due to their structure, they enable 
excellent agglutination and have a high level of cytotoxicity. This phenomenon is used 
especially in serological diagnosis techniques. Their persistence is subject to a high level of 
individual variation and can be as much as a year in most cases, thanks to the use of 
increasingly sensitive detection techniques [6].  

IgA may be detected in sera of actuely infected adults and congenitally infected infants. In 
acquired toxoplasmosis, the appearance of IgA is not systematic. In immunodepressed 
subjects, IgA is thought to be an early marker in 50 % of cases. In congenital toxoplasmosis, 
the detection of IgA is valuable, since these can be detected in the absence of IgM. IgA (like 
IgM) do not cross the placenta and are actively involved in the diagnosis of congenital 
toxoplasmosis [2,13].  

IgE antibodies are detectable in sera of actually infected adults, congenitally infected infants 
and children with congenital toxoplasmic chorioretinitis. The appearance on IgE in acute or 
congenital toxoplasmosis is random. The presence of this isotype is correlated with the 
beginning of complications, such as adenopathies, chorioretinitis, and T. reactivations in 
immunodepressed subjects [1]. 

7. Acute and chronic infection 

Cell-mediated immune responses are essential for host control of intracellular infections. T. 
gondii is a protozoan parasite that infects multiple vertebrate species and invades multiple 
cell types. Upon initial encounter with the immune system, the parasite rapidly induces 
production of the protective cytokine IL-12 most likely from a subpopulation of dendritic 
cells. NK and T-lymphocytes are then activated and triggered to synthesize IFN-γ, the major 
mediator of host resistance during the acute and chronic phases of infection. Cytokine (IFN-
γ and TNF-alpha) rather than cytotoxicity-based effector functions are more critical for 
protective immunity both during the acute and chronic phases of T. gondii infection. [10]. 

The T-lymphocytes, macrophages, and activity of interleukin IL-12 and IFN-γ is necessary 
for maintaining quiescence of chronic T gondii infection. IFN-γ stimulates anti-T. gondii 
activity, not only of macrophages, but also of nonphagocytic cells. TNF-alpha is another 
cytokine essential for control of chronic infection with T. gondii [11]. 

8. Congenital infection 

Congenital toxoplasmosis poses a public health problem, being capable of causing foetal death 
and ocular and neurological sequelae in congenitally infected children. Congenital infection 
occurs only when mothers first encounter T. gondii during pregnancy. Resistance to T. gondii is 
mainly mediated by protective cytokines, such as IFN-γ and interleukin 2 (IL-2), whereas 
regulatory cytokines, such as IL-4 and IL-10, are associated with increased susceptibility to 
infection. Susceptibility of the pregnant host to toxoplasmosis may be due to a regulatory 
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cytokine bias that is maintained during gestation. This cytokine pattern of pregnancy enhances 
susceptibility to toxoplasmosis, together with the risk of placental infection and congenital 
transmission. Cell-mediated immune responses involving CD4 and CD8 T cells and NK-cells 
play a protective role in T. gondii primary infection [12].  

9. Diagnosis of toxoplasmosis 

The diagnosis of T. gondii infection may be establishes by serologic test, amplification of 
specific nucleic acid sequences (i. e. polymerase chain reaction), histological demonstration 
of the parasite antigens (i. e. imunoperoxidase stain) or isolation of the organism. Biological 
diagnostics of infections caused by T. gondii can be provided by: direct methods 
(microscopic analysis, in vitro isolation on cell cultures, histological methods, detection of 
DNA of T. gondii) and by indirect serological methods to indicate the presence of specific 
antibodies in serum. Suitable combination of complementary techniques (detection of 
antibodies in serum and manifestation of parasite), must lead in majority of cases to precise 
diagnostics of congenital toxoplasmosis. The use of serologic tests for demonstration of 
specific antibody to T. gondii is the initial and primary method of diagnosis. Serological 
diagnostics of active infection is not reliable, because reactivation is not always accompanied 
by changes in the level of antibodies and presence of IgM does not indicate present 
infection. There are several serological tests available for the detection of T. gondii 
antibodies. In one type of test the observer judges the given colour of tachyzoites under a 
microscope, such as with the dye test (DT) and IFA test. Another depends on the principle 
of agglutination of T. tachyzoites, red blood cells or latex particles, such as with the direct 
agglutination test (DAT) and indirect haemagglutination test (IHA) and latex agglutination 
(LA) test, respectively. With the enzyme-linked immunosorbent assay (ELISA), the degree of 
colour change defines the quantity of specific antibody in a given solution. The most 
frequently used method for detection of T. gondii infection is complement fixation test for 
antibody detection of IgG class and ELISA tests for detection of the markers of acute 
infection in IgM, IgA and IgE classes. IFAT method demands intact tachyzoites and it is 
more sensitive and more specific compared with IHA, LA, ELISA tests, because during 
infection the first significant rise of IgM and IgG antibodies was observed against cuticular 
antigens. Diagnostics of acute infection during gravidity in women is difficult. IgM 
antibodies can be detected a long time after acute phase, IgA rise has higher diagnostic 
value because it can be detected in 6-7 months in the time when short kinetics of IgE can be 
useful only for dating of the onset of infection. IgG seroconversion is necessary for 
diagnostics. Serological diagnostics of prenatal infection is difficult from the time when 
maternal IgG passively transmit into fetus and interpretations of IgM and IgA results must 
be cautious [1,2,14] 

Histological examination of biological samples shows insufficient reliability if animals are 
infected by a few parasites. Mouse inoculation is the most reliable method even in the case if 
detection of cysts in mouse brain demands 40 days. Tachyzoites of virulant strains can be 
isolated from peritoneal exudate 3-4 days after inoculation. Inoculation of samples in cell 
cultures (VERO, human fibroblasts) demands specialised laboratories [2]. 
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The most reliable method for prenatal diagnostics are PCR, mouse inoculation, cell 
techniques with usage of amniotic fluid, blood of fetus and peripheral maternal blood in 
pregnant serologically positive individuals. Utilization of quantitative PCR has developed 
sensitive, specific and rapid method for detection of T. gondii DNA in amniotic fluid, blood, 
samples of tissues and cerebrospinal fluid. Molecular methods do not rely on immune 
response and enable direct detection of parasites in biological samples. They can be used for 
diagnostics of the disease also in the case if serological tests are not sufficient. In molecular 
tests are especially useful sequences specific for T. gondii e.g. B1 gene or 529 bp sequence. 
PCR is very sensitive and is promising technique for obtaining of quantitative results. 
Molecular methods are used also for genotypization. Molecular methods do not rely on 
immune response and enable direct detection of a parasite in biological samples. They can 
be used for diagnostics of a disease even in the case ig serological tests are not sufficient. 
Sequences specific for T. gondii e. g. B1 gene that repeats in genome 35 times, TGR1 gene, 529 
bp sequence are useful in molecular tests. Immediate PCR is very sensitive and it is very 
promising technique for obtaining of quantitave results [15]. 

Diagnostics of acute, postnatally achieved primary toxoplasmosis will be based on 
serological methods. Acute infection caused by T. gondii will be diagnosed by detection of 
parasite directly using histological and immunological methods, isolation of T. gondii from 
blood, body fluids or tissues on cell cultures. Combination of methods is needed for 
diagnostics of congenital infection and its late secondary consequences or reactivation of 
latent infection in immunodeficient patients. In these cases rapid and exact diagnostics is 
needed to start therapy. PCR method will be used for diagnostics of primary toxoplasmosis 
in pregnant women to prevent transmission of parasites into fetus but also for diagnostics of 
toxoplasmosis encephalitis in immunodeficient patients, in which cerebral biopsy is up to 
now the only diagnostic method and also in the eye form of toxoplamosis. Utilization of 
quantitative PCR will bring sensitive, specific and rapid method for detection of T. gondii 
DNA in amniotic fluid, in blood, in tissue samples and in cerebrospinal fluid. Specific 
sequence for T. gondii e.g. B1 gene or 529-bp sequence will be used in molecular tests. They 
can be used for diagnostics of the disease also in the case, when serological test are not 
sufficient. Prompt PCR is very sensitive and is promising technique for obtaining of 
quantitative results [16]. 

We obtained data about seroprevalence of anti-T. antibodies and occurrence of T. DNA from 
698 animal serum samples and 256 animla uncoagulated blood samples. For this Examined 
blood samples were taken from asymptomatic animals, out of which 233 were sheep, 41 
goats, 76 cattle, 63 pigs, 91 wild boars, 32 hens, 102 dogs, 39 cats and 21 rabbits. Blood 
samples were taken from vena jugularis of the beef cattle, sheep and goats, from vena cava 
cranialis of pigs, form vena cephalica in dogs and cats, vena auricularis in rabbits, and in wild 
boars and hens the blood was taken immediately after death when animals were bled.  

For obtaining serological data about seroprevalence we used two serological tests: 
complement fixation test (CFT) and ELISA. CFT was performed by the micromodified 
method after Zástěra et al. [17] published as a supplement to the standard method in Acta 
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cytokine bias that is maintained during gestation. This cytokine pattern of pregnancy enhances 
susceptibility to toxoplasmosis, together with the risk of placental infection and congenital 
transmission. Cell-mediated immune responses involving CD4 and CD8 T cells and NK-cells 
play a protective role in T. gondii primary infection [12].  

9. Diagnosis of toxoplasmosis 

The diagnosis of T. gondii infection may be establishes by serologic test, amplification of 
specific nucleic acid sequences (i. e. polymerase chain reaction), histological demonstration 
of the parasite antigens (i. e. imunoperoxidase stain) or isolation of the organism. Biological 
diagnostics of infections caused by T. gondii can be provided by: direct methods 
(microscopic analysis, in vitro isolation on cell cultures, histological methods, detection of 
DNA of T. gondii) and by indirect serological methods to indicate the presence of specific 
antibodies in serum. Suitable combination of complementary techniques (detection of 
antibodies in serum and manifestation of parasite), must lead in majority of cases to precise 
diagnostics of congenital toxoplasmosis. The use of serologic tests for demonstration of 
specific antibody to T. gondii is the initial and primary method of diagnosis. Serological 
diagnostics of active infection is not reliable, because reactivation is not always accompanied 
by changes in the level of antibodies and presence of IgM does not indicate present 
infection. There are several serological tests available for the detection of T. gondii 
antibodies. In one type of test the observer judges the given colour of tachyzoites under a 
microscope, such as with the dye test (DT) and IFA test. Another depends on the principle 
of agglutination of T. tachyzoites, red blood cells or latex particles, such as with the direct 
agglutination test (DAT) and indirect haemagglutination test (IHA) and latex agglutination 
(LA) test, respectively. With the enzyme-linked immunosorbent assay (ELISA), the degree of 
colour change defines the quantity of specific antibody in a given solution. The most 
frequently used method for detection of T. gondii infection is complement fixation test for 
antibody detection of IgG class and ELISA tests for detection of the markers of acute 
infection in IgM, IgA and IgE classes. IFAT method demands intact tachyzoites and it is 
more sensitive and more specific compared with IHA, LA, ELISA tests, because during 
infection the first significant rise of IgM and IgG antibodies was observed against cuticular 
antigens. Diagnostics of acute infection during gravidity in women is difficult. IgM 
antibodies can be detected a long time after acute phase, IgA rise has higher diagnostic 
value because it can be detected in 6-7 months in the time when short kinetics of IgE can be 
useful only for dating of the onset of infection. IgG seroconversion is necessary for 
diagnostics. Serological diagnostics of prenatal infection is difficult from the time when 
maternal IgG passively transmit into fetus and interpretations of IgM and IgA results must 
be cautious [1,2,14] 

Histological examination of biological samples shows insufficient reliability if animals are 
infected by a few parasites. Mouse inoculation is the most reliable method even in the case if 
detection of cysts in mouse brain demands 40 days. Tachyzoites of virulant strains can be 
isolated from peritoneal exudate 3-4 days after inoculation. Inoculation of samples in cell 
cultures (VERO, human fibroblasts) demands specialised laboratories [2]. 
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The most reliable method for prenatal diagnostics are PCR, mouse inoculation, cell 
techniques with usage of amniotic fluid, blood of fetus and peripheral maternal blood in 
pregnant serologically positive individuals. Utilization of quantitative PCR has developed 
sensitive, specific and rapid method for detection of T. gondii DNA in amniotic fluid, blood, 
samples of tissues and cerebrospinal fluid. Molecular methods do not rely on immune 
response and enable direct detection of parasites in biological samples. They can be used for 
diagnostics of the disease also in the case if serological tests are not sufficient. In molecular 
tests are especially useful sequences specific for T. gondii e.g. B1 gene or 529 bp sequence. 
PCR is very sensitive and is promising technique for obtaining of quantitative results. 
Molecular methods are used also for genotypization. Molecular methods do not rely on 
immune response and enable direct detection of a parasite in biological samples. They can 
be used for diagnostics of a disease even in the case ig serological tests are not sufficient. 
Sequences specific for T. gondii e. g. B1 gene that repeats in genome 35 times, TGR1 gene, 529 
bp sequence are useful in molecular tests. Immediate PCR is very sensitive and it is very 
promising technique for obtaining of quantitave results [15]. 

Diagnostics of acute, postnatally achieved primary toxoplasmosis will be based on 
serological methods. Acute infection caused by T. gondii will be diagnosed by detection of 
parasite directly using histological and immunological methods, isolation of T. gondii from 
blood, body fluids or tissues on cell cultures. Combination of methods is needed for 
diagnostics of congenital infection and its late secondary consequences or reactivation of 
latent infection in immunodeficient patients. In these cases rapid and exact diagnostics is 
needed to start therapy. PCR method will be used for diagnostics of primary toxoplasmosis 
in pregnant women to prevent transmission of parasites into fetus but also for diagnostics of 
toxoplasmosis encephalitis in immunodeficient patients, in which cerebral biopsy is up to 
now the only diagnostic method and also in the eye form of toxoplamosis. Utilization of 
quantitative PCR will bring sensitive, specific and rapid method for detection of T. gondii 
DNA in amniotic fluid, in blood, in tissue samples and in cerebrospinal fluid. Specific 
sequence for T. gondii e.g. B1 gene or 529-bp sequence will be used in molecular tests. They 
can be used for diagnostics of the disease also in the case, when serological test are not 
sufficient. Prompt PCR is very sensitive and is promising technique for obtaining of 
quantitative results [16]. 

We obtained data about seroprevalence of anti-T. antibodies and occurrence of T. DNA from 
698 animal serum samples and 256 animla uncoagulated blood samples. For this Examined 
blood samples were taken from asymptomatic animals, out of which 233 were sheep, 41 
goats, 76 cattle, 63 pigs, 91 wild boars, 32 hens, 102 dogs, 39 cats and 21 rabbits. Blood 
samples were taken from vena jugularis of the beef cattle, sheep and goats, from vena cava 
cranialis of pigs, form vena cephalica in dogs and cats, vena auricularis in rabbits, and in wild 
boars and hens the blood was taken immediately after death when animals were bled.  

For obtaining serological data about seroprevalence we used two serological tests: 
complement fixation test (CFT) and ELISA. CFT was performed by the micromodified 
method after Zástěra et al. [17] published as a supplement to the standard method in Acta 
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Hygienica, Epidemiologica et Microbiologica. The test is performed in two steps. The first 
step resides in the incubation of the mixture of antigen and antibody together with 
complement (its optimum concentration is tested advance). The second step consists of the 
detection of free or not fixed complement after its reaction with the immunity complex, 
while the suspension ready-to-use haemolytic system is used as an indicator. The activity of 
the complement is determined quantitatively as 50 % hemolysis of haemolytic system. The 
basic dilution was 1:32 and this titer was considered positive. For diagnosis T. antigen 
(Virion, Switzerland), complement (made from guinea pig serum, Virion, Swizerland; work 
dilution 1:47.5), T. positive and negative serum (Imuna a. s., the Slovak Republic), and 
Hemolytic system (ready to use; Virion, Switzerland) were used.  

An enzyme-linked immunosorbent assay (ELISA) was carried out for the detection of IgG 
and IgM antibodies to T. gondii according to the manufacturer´s instructions (Test-Line, 
Czech Republic). In the first step, specific IgG or IgM antibodies in serum were bound to the 
T. gondii antigen coated on the surface of reagent wells and then, the rabbit anti-species IgG 
or IgM antibodies (sheep, dog, rabbit, cattle, and wild boar) labelled with peroxidase 
(Sigma- Aldrich, USA) were applied to the complex formed between the T. gondii antigen 
and circulating antibodies. After addition of the enzyme substrate, TMB (3,3´,5,5´-
tetramethylbenzidine), the absorbance was read at 450 nm using a Dynex 
spectrophotometer (Dynex Technologies, USA). Positive and negative serum controls 
previously tested by conventional serological test were included on each plate. For each 
sample, the index of positivity (IP) was calculated according to the schema provided by the 
manufacturer: IP= sample absorbance/average absorbance of cut-off serum (cut-off serum is 
a serum sample which contains antibodies to T. gondii in limiting concentration). Samples 
with IP < 0.8 were considered to be negative, samples with IP between 0.8-1.0 were 
considered to be dubious and samples with IP>1.0 were considered to be positive [18]. 

For molecular analysis total DNA was then purified from white blood cells by using the 
commercial kit QIAamp DNA Mini Kit (QIAGEN, Germany) according to the 
manufacturer´s instructions. Amplification of the isolated DNA was carried out by the 
standard PCR and real time PCR method from the T. gondii gene region TGR1E, repeated in 
the genome 30-35 times, using the specific primers TGR1E-1 and TGR1E-2 [19]. 

Standard PCR was executed in 25 μL reaction volume containing 0.2 μM of each primer 
(TGR1E-1, TGR1E-2), 0.2 mM of each dNTP, 1.5 mM MgCl2 and 2.5 U of Taq DNA 
polymerase and the reaction was conducted in a thermocycler (Genius, UK) with the 
following temperature profile: initial denaturation at 94°C for 3 min., 40 cycles of 
amplification (94°C 1 min., 60°C 1 min., 72°C 1 min.) and final extension at 72°C for 7 min. 
The PCR products were visualized in 3% agarose gel and stained with ethidium bromide 
[20]. The final positive PCR product has 191 bp in size. 

For quantitative real time cloned T. gondii TGR gene (GenExpress, Germany) diluted to 104-
109 was used for the calibration curve. In each reaction, a melting analysis (comparison of 
the melting temperature (Tm) of PCR products) was determined to differentiate specific and 
non-specific PCR products. The reaction volume was 25 ul, which contained commercial 
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FastStart Universal SYBR Green Master (Roche, Germany) and 0.2 uM primers (TGR1-1 and 
TGR1E-2). Real-time PCR was completed using a thermocycler Line GeneK with the 
software Line GeneK Fluorescent Quantitative Detection system (BIOER Technology, 
China). After incubation at 50°C for 2 minutes and initial denaturation at 95°C for 10 
minutes, 40 amplification cycles were performed (95°C for 15 s, 60°C for 1 minute). Melting 
analysis was carried out at temperatures ranging from 60°C to 95°C, in which the 
temperature was gradually increased by 0.5°C and the period of measurement at individual 
steps was 15 s. Every PCR run included a control without DNA (containing the reaction mix 
alone and nuclease-free water). 

The examined animals were divided into groups for better understanding of the relationship 
between the seroprevalence of toxoplasmosis and the age of animals. Each group of 
examined animals was divided into subgroups according to the age (sheep: female and male 
lambs up to 4 months of age, rams and ewes; goats: kids - young goats up to 4 months of 
age, adults - from 7 months of age; pigs: suckling piglets, sows; cattle: calves - up to 6 
months of age, heifers, dairy cows; wild boars under 1 year old and adult; Table 1).  

 

Animals N Groups n 

sheep 233 
lambs 40 
rams 64 
ewes 129 

goats 41 
kids 15 
goats 26 

pigs 63 
sucking piglets 20 

sows 43 

cattle 76 
calves 25 
heifers 10 

dairy cows 41 

wild boars 91 
young (<1year) 29 

adults 62 

dogs 102 
dog shelter 38 

professional breeders 32 
households 32 

cats 39 mixed 39 
rabbits 21 mixed 21 

hens 32 mixed 32 

Total 698  698 

Table 1. Groups of animals including in serological testing 
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while the suspension ready-to-use haemolytic system is used as an indicator. The activity of 
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(Virion, Switzerland), complement (made from guinea pig serum, Virion, Swizerland; work 
dilution 1:47.5), T. positive and negative serum (Imuna a. s., the Slovak Republic), and 
Hemolytic system (ready to use; Virion, Switzerland) were used.  
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Czech Republic). In the first step, specific IgG or IgM antibodies in serum were bound to the 
T. gondii antigen coated on the surface of reagent wells and then, the rabbit anti-species IgG 
or IgM antibodies (sheep, dog, rabbit, cattle, and wild boar) labelled with peroxidase 
(Sigma- Aldrich, USA) were applied to the complex formed between the T. gondii antigen 
and circulating antibodies. After addition of the enzyme substrate, TMB (3,3´,5,5´-
tetramethylbenzidine), the absorbance was read at 450 nm using a Dynex 
spectrophotometer (Dynex Technologies, USA). Positive and negative serum controls 
previously tested by conventional serological test were included on each plate. For each 
sample, the index of positivity (IP) was calculated according to the schema provided by the 
manufacturer: IP= sample absorbance/average absorbance of cut-off serum (cut-off serum is 
a serum sample which contains antibodies to T. gondii in limiting concentration). Samples 
with IP < 0.8 were considered to be negative, samples with IP between 0.8-1.0 were 
considered to be dubious and samples with IP>1.0 were considered to be positive [18]. 

For molecular analysis total DNA was then purified from white blood cells by using the 
commercial kit QIAamp DNA Mini Kit (QIAGEN, Germany) according to the 
manufacturer´s instructions. Amplification of the isolated DNA was carried out by the 
standard PCR and real time PCR method from the T. gondii gene region TGR1E, repeated in 
the genome 30-35 times, using the specific primers TGR1E-1 and TGR1E-2 [19]. 

Standard PCR was executed in 25 μL reaction volume containing 0.2 μM of each primer 
(TGR1E-1, TGR1E-2), 0.2 mM of each dNTP, 1.5 mM MgCl2 and 2.5 U of Taq DNA 
polymerase and the reaction was conducted in a thermocycler (Genius, UK) with the 
following temperature profile: initial denaturation at 94°C for 3 min., 40 cycles of 
amplification (94°C 1 min., 60°C 1 min., 72°C 1 min.) and final extension at 72°C for 7 min. 
The PCR products were visualized in 3% agarose gel and stained with ethidium bromide 
[20]. The final positive PCR product has 191 bp in size. 

For quantitative real time cloned T. gondii TGR gene (GenExpress, Germany) diluted to 104-
109 was used for the calibration curve. In each reaction, a melting analysis (comparison of 
the melting temperature (Tm) of PCR products) was determined to differentiate specific and 
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FastStart Universal SYBR Green Master (Roche, Germany) and 0.2 uM primers (TGR1-1 and 
TGR1E-2). Real-time PCR was completed using a thermocycler Line GeneK with the 
software Line GeneK Fluorescent Quantitative Detection system (BIOER Technology, 
China). After incubation at 50°C for 2 minutes and initial denaturation at 95°C for 10 
minutes, 40 amplification cycles were performed (95°C for 15 s, 60°C for 1 minute). Melting 
analysis was carried out at temperatures ranging from 60°C to 95°C, in which the 
temperature was gradually increased by 0.5°C and the period of measurement at individual 
steps was 15 s. Every PCR run included a control without DNA (containing the reaction mix 
alone and nuclease-free water). 

The examined animals were divided into groups for better understanding of the relationship 
between the seroprevalence of toxoplasmosis and the age of animals. Each group of 
examined animals was divided into subgroups according to the age (sheep: female and male 
lambs up to 4 months of age, rams and ewes; goats: kids - young goats up to 4 months of 
age, adults - from 7 months of age; pigs: suckling piglets, sows; cattle: calves - up to 6 
months of age, heifers, dairy cows; wild boars under 1 year old and adult; Table 1).  

 

Animals N Groups n 

sheep 233 
lambs 40 
rams 64 
ewes 129 

goats 41 
kids 15 
goats 26 

pigs 63 
sucking piglets 20 

sows 43 

cattle 76 
calves 25 
heifers 10 

dairy cows 41 

wild boars 91 
young (<1year) 29 

adults 62 

dogs 102 
dog shelter 38 

professional breeders 32 
households 32 

cats 39 mixed 39 
rabbits 21 mixed 21 

hens 32 mixed 32 

Total 698  698 

Table 1. Groups of animals including in serological testing 
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For PCR analysis (standard PCR and quantitative real time PCR) each sample was examined 
by ELISA for detection of IgM and IgG specific antibodies to T. gondii. After serological 
examination samples were divided into three froups: Group I contained samples only 
positive to IgM antibodies (acute infection), group II contained samples positive only to IgG 
antibodies (chronic infection) and group III contained samples without IgM or IgG 
antibodies (no infection).  

Fisher´s exact test was used to compare the success of real-time PCR depending on the 
presence of IgM or IgG antibodies. 

During our study we obtained following data in serological analysis. By CFT 698 animals 
were examined for the presence of overall anti-T. antibodies. A sample with a titre 1:32 and 
higher was considered to be positive. Out of all specimens, the presence of antibodies to T. 
gondii was detected in 206 cases (29.5%). out of 233 examined sheep sera 26 (11.1%) of lambs, 
37 (15.9%) of rams and 51 (21.9%) of ewes were positive. The frequency of T. gondii 
contamination was significantly higher in group of ewes than in other two groups of 
animals (2 test: p < 0.01). In group of goats, out of 41 serum samples, 5 (12.2%) were 
positive in subgroup of kids and 7 (14.1%) in subgroups of adult goats. From 63 examined 
pigs, only 2 (3.2%) sucking piglets were positive. From 76 examined cattle only 2 (2.6%) of 
calves were positive for presence of antibodies to T. gondii. From 91 examined wild boars, 18 
(19.8%) exhibited a positive serological reaction to T. gondii. The occurrence of anti-T. 
antibodies was higher in young animals (less than 1 year; 10 positive animals - 10.9%) than 
in adults (2 positive animals - 2.2%). Out of 102 examined dog sera, 17 (16.7%) were positive 
in group of dogs from dog shelters, 15 (14.7%) dogs from professional breeders and 10 
(9.8%) dogs keeping in households. In group of cats, out of 39 examined sera, 13 (33.3%) 
were considered as positive, out of 21 rabbits, 3 (14.3%) were positive. In group of 32 hens, 
no positive animal was found (Table 2). 

For comparison of CFT and ELISA 102 dog serum specimens were examined for the 
presence of antibodies to T. gondii by two serological tests (CFT and ELISA). The presence of 
antibodies to T. gondii was detected in 75 cases (73.5%). Anti-T. IgG antibodies were found 
in 51 (50%) by ELISA. Samples positive only with CFT was 39 (38.2%), only in ELISA 14 
(13.7%), positive in both tests 37 (36.3%) and negative in both tests 12 (11.8%). The titres of 
latent infection (1:8 – 1:128) in CFT were recorded in 75 dogs: 13 dogs (12.7%; 1:8), 20 dogs 
(19.6%; 1:16), 20 dogs (19.6%; 1:32), 20 dogs (19.6%; 1:64) and 1 dog (1%; 1:128). The 
prevalence of acute infection (1:256 and higher) was recorded in 1 dog (1%; 1:256). The 
coincidence of CFT and IgG antibodies was recorded in 37 samples (36.3 %). Comparison of 
detection of antibodies by these two tests was statistically significant (p<0.001, Figure 2).  

In molecular analysis by standard PCR and quantitative PCR at first IgM antibodies which 
appear at the beginning of infection and which are characteristic for acute infection were 
detected in 45 of 256 (17.6%) by ELISA. IgG antibodies which corresponded with chronic 
infection were detected in 120 of 256 (46.8%). In 91of 256 (35.5%) animals neither IgM nor 
IgG were detected by ELISA. The occurrence of IgM or IgG antibodies in each species is 
summarized in Table 3. 
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P*value were obtained by comparing results obtained by CFT to results obtained only by ELISA 

Figure 2. Number of animals positive only in CFT, only in ELISA and in both tests (p0.001) 

Animals n Groups N/SP % 

sheep 233 
lambs 26/11.1 
rams 37/15.9 
ewes 51/21.9* 

goats 41 kids 5/12.2 
goats 7/14.1 

pigs 63 sucking piglets 2/3.2 
sows 0/0 

cattle 76 
calves 2/2.6 
heifers 0/0 

dairy cows 0/0 

wild boars 91 young (<1year) 10/10.9 
adults 2/2.2 

dogs 102 
dog shelter 17/16.7 

professional breeders 15/14.7 
households 10/9.8 

cats 39 mixed 13/33.3 
rabbits 21 mixed 3/14.3 

hens 32 mixed 0/0 
Total 698 206/29.5 

n - number of examined samples; N - number od positive samples; SP - seroprevalence (%) 

Table 2.  Occurrence of overall antibodies to T. gondii by CFT in different animal species 
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For PCR analysis (standard PCR and quantitative real time PCR) each sample was examined 
by ELISA for detection of IgM and IgG specific antibodies to T. gondii. After serological 
examination samples were divided into three froups: Group I contained samples only 
positive to IgM antibodies (acute infection), group II contained samples positive only to IgG 
antibodies (chronic infection) and group III contained samples without IgM or IgG 
antibodies (no infection).  
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latent infection (1:8 – 1:128) in CFT were recorded in 75 dogs: 13 dogs (12.7%; 1:8), 20 dogs 
(19.6%; 1:16), 20 dogs (19.6%; 1:32), 20 dogs (19.6%; 1:64) and 1 dog (1%; 1:128). The 
prevalence of acute infection (1:256 and higher) was recorded in 1 dog (1%; 1:256). The 
coincidence of CFT and IgG antibodies was recorded in 37 samples (36.3 %). Comparison of 
detection of antibodies by these two tests was statistically significant (p<0.001, Figure 2).  

In molecular analysis by standard PCR and quantitative PCR at first IgM antibodies which 
appear at the beginning of infection and which are characteristic for acute infection were 
detected in 45 of 256 (17.6%) by ELISA. IgG antibodies which corresponded with chronic 
infection were detected in 120 of 256 (46.8%). In 91of 256 (35.5%) animals neither IgM nor 
IgG were detected by ELISA. The occurrence of IgM or IgG antibodies in each species is 
summarized in Table 3. 
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Table 2.  Occurrence of overall antibodies to T. gondii by CFT in different animal species 
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Animals 
IgM IgG

Negative 
N/n % N/n % 

sheep 27/50 54% 23/50 46% 0 
cattle 4/32 12.5% 20/32 62.5% 8 

rabbits 7/36 19.4% 24/36 66.6% 5 
wild boars 5/9 15.5% 18/91 19.8% 68 

dogs 2/47 4.3% 35/47 74.5% 10 
Total 25/256 17.6% 120/256 46.9% 91 

N – number of positive samples; n – number of examined samples; % seroprevalence 

Table 3. Occurence of IgG and IgM antibodies to T. gondii by ELISA in different animal species 

According to the serological results animals were divided into three groups: animals with 
suspicion of acute (group I, n=45) or chronic toxoplasmosis (group II, n=120) and without 
infection (group III, n=91). For statistical analysis, we considered group I (acute infection, 
IgM positive) and group II (chronic infection, IgG positive).  

By standard PCR the presence of DNA T. gondii was detected in ten samples of non-
coagulated blood (6 sheep, 1 wild boar and 3 rabbits) with the DNA product length 191 bp 
(Figure 3). 

 
Figure 3. PCR fragment of T. gondii DNA (191 bp) in a 3% agarose gel. K: positive control, M: marker of 
size (100bp plus DNA ladder, Fermentas, Germany); lane 1: positive wild boar sample, lanes 2-4: 
positive rabbit samples; lanes 5-10: positive sheep samples 
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Using quantitative real time PCR the presence of DNA T. gondii was detected and the 
number of their copies quantified in the 256 non-coagulated animal blood samples. Using 
real time PCR T. gondii DNA was detected and quantified in ten samples of non-coagulated 
blood (6 sheep, 1 wild boar and 3 rabbits; Table 4). For animals presenting acute 
toxoplasmosis (group I), the presence of T. gondii DNA was detected in 9 of 45 (20%), 
whereas in chronic group (group II) only one sample was positive (1/120; 0.8%). In group III 
which contained animals without IgM or IgG antibodies no DNA of T. gondii (0/91) was 
detected by real time PCR. The proof of DNA by real time PCR in IgM positive samples was 
statistically significant in comparison to IgG positive samples (P<0.0001). 

Standards with the known dilution of T. DNA were used to determine the detection limit of 
a modified real time PCR and to create a calibration curve that ranged from 109 to 104 copies 
of T. DNA. The correlation coefficient of the calibration curve was 0.998. As SYBR Green a 
fluorescent dye, was used as a detection system, a melting analysis was a part of the real-
time PCR to distinguish between specific and non-specific products. During the melting 
analysis the melting temperature (Tm) of a positive control and positive samples was 84 °C 
(Figure 4). In quantifying the examined samples within a 40-cycle protocol for the real time 
PCR, the number of copies detected in the positive samples ranged from 1.07 x 102 to 1.49 x 
105 (Table 5).  

 N 
Real time PCR 

P value 
positive negative 

Group I (IgM+) 45 9 36 <0.0001* 
Group II (IgG+) 120 1 119 - 

Group I-acute toxoplasmosis; Group II-chronic toxoplasmosis; P*value were obtained by comparison of the proof of T. 
DNA by qPCR in group I (acute infection, IgM positive) and group II (chronic infection, IgG positive) 

Table 4. Relation between the presence of T. gondii DNA and serological results 

Sample Number of copies Group 

Sheep 1 5.92 x 104 IgM+ 
Lamb 1 1.49 x 105 IgM+ 
Sheep 3 3.67 x 104 IgM+ 
Sheep 4 5.75 x 102 IgM+ 

Sheep 5 3.89 x 104 IgM+ 
Sheep 6 2.56 x 103 IgM+ 

Wild boar 1.05 x 105 IgM- 
Rabbit 1 1.07 x 102 IgM+ 

Rabbit 2 2.09 x 102 IgM+ 

Rabbit 3 3.17 x 102 IgM+ 

Table 5. The number of T. gondii DNA copies in the examined samples in a 25 μl-volume 
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Table 3. Occurence of IgG and IgM antibodies to T. gondii by ELISA in different animal species 

According to the serological results animals were divided into three groups: animals with 
suspicion of acute (group I, n=45) or chronic toxoplasmosis (group II, n=120) and without 
infection (group III, n=91). For statistical analysis, we considered group I (acute infection, 
IgM positive) and group II (chronic infection, IgG positive).  

By standard PCR the presence of DNA T. gondii was detected in ten samples of non-
coagulated blood (6 sheep, 1 wild boar and 3 rabbits) with the DNA product length 191 bp 
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Figure 3. PCR fragment of T. gondii DNA (191 bp) in a 3% agarose gel. K: positive control, M: marker of 
size (100bp plus DNA ladder, Fermentas, Germany); lane 1: positive wild boar sample, lanes 2-4: 
positive rabbit samples; lanes 5-10: positive sheep samples 

 
Toxoplasmosis in Livestock and Pet Animals in Slovakia 87 

Using quantitative real time PCR the presence of DNA T. gondii was detected and the 
number of their copies quantified in the 256 non-coagulated animal blood samples. Using 
real time PCR T. gondii DNA was detected and quantified in ten samples of non-coagulated 
blood (6 sheep, 1 wild boar and 3 rabbits; Table 4). For animals presenting acute 
toxoplasmosis (group I), the presence of T. gondii DNA was detected in 9 of 45 (20%), 
whereas in chronic group (group II) only one sample was positive (1/120; 0.8%). In group III 
which contained animals without IgM or IgG antibodies no DNA of T. gondii (0/91) was 
detected by real time PCR. The proof of DNA by real time PCR in IgM positive samples was 
statistically significant in comparison to IgG positive samples (P<0.0001). 

Standards with the known dilution of T. DNA were used to determine the detection limit of 
a modified real time PCR and to create a calibration curve that ranged from 109 to 104 copies 
of T. DNA. The correlation coefficient of the calibration curve was 0.998. As SYBR Green a 
fluorescent dye, was used as a detection system, a melting analysis was a part of the real-
time PCR to distinguish between specific and non-specific products. During the melting 
analysis the melting temperature (Tm) of a positive control and positive samples was 84 °C 
(Figure 4). In quantifying the examined samples within a 40-cycle protocol for the real time 
PCR, the number of copies detected in the positive samples ranged from 1.07 x 102 to 1.49 x 
105 (Table 5).  

 N 
Real time PCR 

P value 
positive negative 

Group I (IgM+) 45 9 36 <0.0001* 
Group II (IgG+) 120 1 119 - 

Group I-acute toxoplasmosis; Group II-chronic toxoplasmosis; P*value were obtained by comparison of the proof of T. 
DNA by qPCR in group I (acute infection, IgM positive) and group II (chronic infection, IgG positive) 

Table 4. Relation between the presence of T. gondii DNA and serological results 

Sample Number of copies Group 

Sheep 1 5.92 x 104 IgM+ 
Lamb 1 1.49 x 105 IgM+ 
Sheep 3 3.67 x 104 IgM+ 
Sheep 4 5.75 x 102 IgM+ 

Sheep 5 3.89 x 104 IgM+ 
Sheep 6 2.56 x 103 IgM+ 

Wild boar 1.05 x 105 IgM- 
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Rabbit 2 2.09 x 102 IgM+ 

Rabbit 3 3.17 x 102 IgM+ 

Table 5. The number of T. gondii DNA copies in the examined samples in a 25 μl-volume 



 
Toxoplasmosis – Recent Advances 88 

 
Figure 4. Quantitative real time PCR - A-Calibration curve; B - Samples; C - Melting analysis 

The diagnosis of toxoplasmosis may be established by serological tests, polymerase chain 
reaction (PCR), histological demonstration of the parasite and/or its antigens (i.e. 
immunoperoxidase stain), or isolation of the organism. The serological tests are able to show 
the presence of IgM antibodies which can represent the acute infection as well as these IgM 
antibodies can be residual. Avidity tests may help in this setting by distinguishing between 
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IgG of high and low affinity, corresponding to either chronic or acute toxoplasmosis. Results 
of serological tests don´t reflect the course of infection. The presence of specific serum 
antibodies is possible to detect in organism of each potential host who come in the contact 
with the pathogen. Based on the serological prevalence in the population is possible to 
suppose only the certain relationship between population and morbidity. The advantage of 
serological tests is that specific antibodies can be detected two week before histological 
proof of parasite in pathological lesions and 4 weeks before the molecular proof of parasites 
in infected tissues. The positive serological result is only indicative of infection, whereas 
direct detection of T. gondii in blood or other clinical samples categorically confirms the 
parasite presence in the organism [15,21]. Several indirect methods have been proposed for 
the detection of antibodies to T. in animals, generally in samples of serum and plasma. In 
addition, thoracic fluid of aborted fetuses, milk and samples of fluid obtained by freezing 
and thawing portions of muscular tissue (meat juice) can be tested as well for antibodies. 
However, data from different studies may not always be directly comparable due to 
discrepancies in the procedures used for the detection of antibodies. For example, the 
modification of protocols, the different strains of T., and the different cut-off points of tests. 
Not all assays are suitable for every animal species and cross reactions with antibodies to 
related parasites may result in false positives. Serological methods of T. diagnostics are still 
very important. They are required for quick and reliable results about epizootological 
situations in countries because of the zoonotic character of T. infection. Toxoplasmosis 
belongs to the majority of prevalent infections in livestock. The prevalence of this protozoan 
disease has been demonstrated by studies carried out to detect antibodies to T. gondii in 
farms of domestic animals in other European countries. It can be demonstrated by Fusco et 
al. [22] and Masala et al. [23] who have detected the presence of antibodies to T. gondii in 
their work using serological methods in sheep and goats. Fusco et al. [22] examined 117 
flocks of sheep bred in pastures in the region of Campania, southern Italy. Blood and milk 
specimens were collected from 10 adult sheep from each of the flocks (sheep aged more than 
18 months). A total of as many as 1,170 sheep were examined. The serum specimens were 
examined for the presence of IgG antibodies by means of an IFAT method (an indirect 
immunofluorescence antibody test). Out of the 1,170 examined sheep, 333 specimens were 
positive to T. infection (28.5%). Between 1999 and 2002 Masala et al. [23] analyzed 9,639 
serum specimens and 815 abortion specimens (670 aborted fetuses and 145 placentas) from 
964 sheep and goat farms in Sardinia. The collected sera were examined for the detection of 
IgG and IgM specific antibodies to T. gondii using the indirect immunofluorescence method. 
Specific IgG antibodies were diagnosed in 652 sheep (9%). In France, the presence of specific 
IgG antibodies to T. gondii was detected in 22 % of lambs and 65.6% of gravid sheep; in 
Sicily, the seroprevalence ranges between 70 and 90%; in Switzerland, it is in approximately 
58.6% of sheep; while in Germany, it is only 19.1% [24]. Seroprevalence of toxoplasmosis 
were determined in 87 goats of the eastern Slovakia. From these animals antibodies were 
found out in 43 goat sera (49.43%). Statistically significant correlation (P < 0.0001) was found 
between the prevalence of antibodies against T. gondii and animal age in comparing age 
groups — goats up to 36 months of age and above 37 months of age [25]. In view of the 
prevalence of toxoplasmosis in pigs in the Czech Republic, an interesting result occurred 
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IgG of high and low affinity, corresponding to either chronic or acute toxoplasmosis. Results 
of serological tests don´t reflect the course of infection. The presence of specific serum 
antibodies is possible to detect in organism of each potential host who come in the contact 
with the pathogen. Based on the serological prevalence in the population is possible to 
suppose only the certain relationship between population and morbidity. The advantage of 
serological tests is that specific antibodies can be detected two week before histological 
proof of parasite in pathological lesions and 4 weeks before the molecular proof of parasites 
in infected tissues. The positive serological result is only indicative of infection, whereas 
direct detection of T. gondii in blood or other clinical samples categorically confirms the 
parasite presence in the organism [15,21]. Several indirect methods have been proposed for 
the detection of antibodies to T. in animals, generally in samples of serum and plasma. In 
addition, thoracic fluid of aborted fetuses, milk and samples of fluid obtained by freezing 
and thawing portions of muscular tissue (meat juice) can be tested as well for antibodies. 
However, data from different studies may not always be directly comparable due to 
discrepancies in the procedures used for the detection of antibodies. For example, the 
modification of protocols, the different strains of T., and the different cut-off points of tests. 
Not all assays are suitable for every animal species and cross reactions with antibodies to 
related parasites may result in false positives. Serological methods of T. diagnostics are still 
very important. They are required for quick and reliable results about epizootological 
situations in countries because of the zoonotic character of T. infection. Toxoplasmosis 
belongs to the majority of prevalent infections in livestock. The prevalence of this protozoan 
disease has been demonstrated by studies carried out to detect antibodies to T. gondii in 
farms of domestic animals in other European countries. It can be demonstrated by Fusco et 
al. [22] and Masala et al. [23] who have detected the presence of antibodies to T. gondii in 
their work using serological methods in sheep and goats. Fusco et al. [22] examined 117 
flocks of sheep bred in pastures in the region of Campania, southern Italy. Blood and milk 
specimens were collected from 10 adult sheep from each of the flocks (sheep aged more than 
18 months). A total of as many as 1,170 sheep were examined. The serum specimens were 
examined for the presence of IgG antibodies by means of an IFAT method (an indirect 
immunofluorescence antibody test). Out of the 1,170 examined sheep, 333 specimens were 
positive to T. infection (28.5%). Between 1999 and 2002 Masala et al. [23] analyzed 9,639 
serum specimens and 815 abortion specimens (670 aborted fetuses and 145 placentas) from 
964 sheep and goat farms in Sardinia. The collected sera were examined for the detection of 
IgG and IgM specific antibodies to T. gondii using the indirect immunofluorescence method. 
Specific IgG antibodies were diagnosed in 652 sheep (9%). In France, the presence of specific 
IgG antibodies to T. gondii was detected in 22 % of lambs and 65.6% of gravid sheep; in 
Sicily, the seroprevalence ranges between 70 and 90%; in Switzerland, it is in approximately 
58.6% of sheep; while in Germany, it is only 19.1% [24]. Seroprevalence of toxoplasmosis 
were determined in 87 goats of the eastern Slovakia. From these animals antibodies were 
found out in 43 goat sera (49.43%). Statistically significant correlation (P < 0.0001) was found 
between the prevalence of antibodies against T. gondii and animal age in comparing age 
groups — goats up to 36 months of age and above 37 months of age [25]. In view of the 
prevalence of toxoplasmosis in pigs in the Czech Republic, an interesting result occurred 
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from the examination of 787 pigs in 1999. They came from a modern large-capacity breeding 
farm in southern Bohemia. They were all examined using a complement fixation test and 
out of a total of 787 animals, the antibodies were detected only in 4 cases [26]. In the Slovak 
republic were detected antibodies to T. gondii by ELISA in 840 serum samples of pigs and 21 
samples (2.5%) were considered as positive [27]. Pleva et al. [28] published the results of 
examination of 582 serum samples of cattle in 1996 and in no sample antibodies against T. 
gondii was found. In 2008 were examined 85 samples of cattle from Slovakia by ELISA. Anti- 
T. antibodies were detected only in 2 (2.35%) samples [29]. In 2009 they examined 312 serum 
samples of cattle from Slovakia. From all examined samples they found out the presence of 
antibodies to T. gondii in 31 (9.94%) samples. The risk of infection of domestic animals with 
T. gondii is very high. Among the measures that can be taken are keeping meat-producing 
animals in captivity on farms during the whole feeding period, maintaining the stables 
without rodents, birds or insects, paying closer attention to feeding the animals with non-
contaminated fodder. By taking these measures it is possible to run farms with low 
prevalence of toxoplasmosis [30]. Wild boar is an autochthonous species of leafy 
exploitation of the Slovak republic. Due to the agricultural exploitation of landscape, 
disseminating of maize production, intensive forest management and low mortality of piglet 
during snow and absence of big carnivores, the wild boar population started to increase 
from the second half of the 20th century. The rising number of wild boars causes economic 
losses and may represent a source of dissemination of different diseases. Tissue cysts of T. 
gondii in meat of different game species are potential sources of human infection [31]. The 
overall T. gondii seroprevalence in wild boars was 19.8% in the present study and was 
significantly higher in young animals (37.9%). This corresponds to the fact that 
toxoplasmosis is most commonly seen in young animals, especially in neonates and in 
immuno-compromised animals. Toxoplasmosis in young animals causes severe damage 
such as intra-uterine growth restriction, icterus, hepato-splenomegaly, myocarditis, 
pneumonitis, and various rashes. Neurologic involvement, often prominent, includes 
chorio-retinitis, hydrocephalus, intracranial calcifications, microcephaly, and seizures [31]. 
In Europe, anti-T. gondii antibodies were found in 8.1% (26/320) or 38.5% (5/13) of wild boars 
from Slovakia [32], 26.2% (148/565) from the Czech Republic [33], 16.6% (2/12) from Bulgaria 
[34] and 21.1% (11/52) from Eastern Poland [35]. In France Richomme et al. [36] tested 148 
sera and tissues of wild boars for T. infection from two French regions, one continental and 
one insular. Antibodies to T. gondii were found in 26 (17.6%) of 148 wild boars using the 
modified agglutination test (MAT, positivity threshold: 1:24). Seroprevalence was 45.9% 
when considering a threshold of 1:6. Hearts of individuals with a positive agglutination 
(starting dilution 1:6) (n = 60) were bioassayed in mice for isolation of viable T. gondii. In 
total, 21 isolates of T. gondii were obtained. In other wildlife from France Aubert et al. [37] T. 
gondii antibodies were found in 14 of 19 (73.7%) red foxes, with titers between 1:25 and 
1:6400 and parasite isolation was successful in 9/13 seropositive animals (69.2%). Thirty-six 
of the 60 roe deer (60%) showed antibodies with titers between 1:6 and 1:6400. Thirty-three 
bioassays were performed, 12 isolates were obtained from animals with antibodies titers 
between 1:25 and 1:6400. T. gondii antibodies were found in 4 of 24 red deer (17%) with titers 
of 1:6 (2), 1:10 (1) and 1:25 (1) and a viable parasite was isolated from the heart of one red 
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deer with a titer of 1:6. No parasite was isolated from fallow deer with only one positive 
with a titer of 1:25. T. gondii antibodies were found in 7 of 31 mouflons (23%) with titers 
between 1:6 and 1:6400 and the isolate was detected only in one samples. The brown hare (L. 
europaeus) is a common species of wild mammals in Europe where they are extensively 
hunted. They detected T. gondii antibodies in only 9% of sera from brown hares but failed to 
isolate viable parasites. In households animals (such as cats, dogs and rabbits) T. gondii 
represent a health hazard and can have the impact for the owners. Toxoplasmosis of pet 
animals as dogs, cats and rabbits is also important source of infection. In dogs, 
toxoplasmosis is a rare primary disease of dogs. Martins and Viana [38] highlight the 
importance of dogs in the epidemiological chain of the disease, through the habit of 
ingesting, and rolling in cat feces, thus permitting transmission of oocysts by contact of the 
contaminated hide. Lindsay et al. [39] demonstrated that after ingestion of T. gondii non-
sporulate oocysts, these could pass through the intestinal tract of dogs, and be excreted in 
their infectious stage, re-enforcing the theory that dogs act as mechanical vectors of oocysts. 
The sources of the contamination by oocysts are mainly moist and shady places with the 
occurrence of cats where are suitable conditions for surviving of oocysts for a long period in 
the external environment [40]. Serological diagnosis of T. gondii infections in dogs and cats 
has been evaluated by many investigators. The tests used include the Sabin-Feldman, the 
complement fixation, the indirect haemagglutination, the direct agglutination, the indirect 
fluorescent antibody and the enzyme immunoassay. The demonstration of antibodies by 
these serological tests just indicates previous infection by T. gondii. A laboratory diagnosis 
defined to toxoplasmosis-disease requires the demonstration of high titers of specific 
antibodies and increasing levels in two serum samples taken 2 to 4 weeks apart. The 
prevalence of antibodies to T. gondii was determined in sera from dogs in Grenada, West 
Indies. Using a modified agglutination test, antibodies to T. gondii were found in 52 (48.5 %) 
of the 107 dogs, with titers of 1:25 in 17, 1:50 in 19, 1:100 in 7, 1:1,600 in 5, and 1:3,200 or 
higher in 4 [41]. Lopes et al. [42] reported a serological survey of antibodies to T. gondii in 
domestic cats from northeastern Portugal, by means of the modified agglutination test. 
Three cats had titres of 20 (3.9%), 18 had titres of 40 (23.7%) and 55 animals had titres of ≥800 
(72.4%). Infection levels were also significantly different between cats that lived totally 
indoors (7.7%) and those that had access to outdoors (45.4%), as well as between cats living 
alone (13.8%) and those that had contact with other cats (39.4%). Seroprevalence values in 
cats fed only commercial canned or dried food (22.9%) and animals whose diet included raw 
or undercooked viscera and/or meat (53.5%) were also significantly different. Age, habitat 
and diet were identified as risk factors for the feline T. gondii infection by logistic  
regression analysis. Some control measures are suggested based on these findings [42]. 
Samples of serum taken during 1986 and 1987 from 244 pet cats, 303 dogs, were screened by 
enzyme-linked immunosorbent assay (ELISA) for antibodies to T. gondii 42% of cats, 23% of 
dogs examined were found seropositive [43]. Five hundred and sixty seven sera of  
healthy house cats were examined for the presence of anti-T. antibodies by  
indirect immunofluorescence assay. Twenty-five percent of cats tested positive for IgG 
and/or IgM. Seroprevalence increased with age from 2% below 12 months of age up to 44% 
at age 7.  
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from the examination of 787 pigs in 1999. They came from a modern large-capacity breeding 
farm in southern Bohemia. They were all examined using a complement fixation test and 
out of a total of 787 animals, the antibodies were detected only in 4 cases [26]. In the Slovak 
republic were detected antibodies to T. gondii by ELISA in 840 serum samples of pigs and 21 
samples (2.5%) were considered as positive [27]. Pleva et al. [28] published the results of 
examination of 582 serum samples of cattle in 1996 and in no sample antibodies against T. 
gondii was found. In 2008 were examined 85 samples of cattle from Slovakia by ELISA. Anti- 
T. antibodies were detected only in 2 (2.35%) samples [29]. In 2009 they examined 312 serum 
samples of cattle from Slovakia. From all examined samples they found out the presence of 
antibodies to T. gondii in 31 (9.94%) samples. The risk of infection of domestic animals with 
T. gondii is very high. Among the measures that can be taken are keeping meat-producing 
animals in captivity on farms during the whole feeding period, maintaining the stables 
without rodents, birds or insects, paying closer attention to feeding the animals with non-
contaminated fodder. By taking these measures it is possible to run farms with low 
prevalence of toxoplasmosis [30]. Wild boar is an autochthonous species of leafy 
exploitation of the Slovak republic. Due to the agricultural exploitation of landscape, 
disseminating of maize production, intensive forest management and low mortality of piglet 
during snow and absence of big carnivores, the wild boar population started to increase 
from the second half of the 20th century. The rising number of wild boars causes economic 
losses and may represent a source of dissemination of different diseases. Tissue cysts of T. 
gondii in meat of different game species are potential sources of human infection [31]. The 
overall T. gondii seroprevalence in wild boars was 19.8% in the present study and was 
significantly higher in young animals (37.9%). This corresponds to the fact that 
toxoplasmosis is most commonly seen in young animals, especially in neonates and in 
immuno-compromised animals. Toxoplasmosis in young animals causes severe damage 
such as intra-uterine growth restriction, icterus, hepato-splenomegaly, myocarditis, 
pneumonitis, and various rashes. Neurologic involvement, often prominent, includes 
chorio-retinitis, hydrocephalus, intracranial calcifications, microcephaly, and seizures [31]. 
In Europe, anti-T. gondii antibodies were found in 8.1% (26/320) or 38.5% (5/13) of wild boars 
from Slovakia [32], 26.2% (148/565) from the Czech Republic [33], 16.6% (2/12) from Bulgaria 
[34] and 21.1% (11/52) from Eastern Poland [35]. In France Richomme et al. [36] tested 148 
sera and tissues of wild boars for T. infection from two French regions, one continental and 
one insular. Antibodies to T. gondii were found in 26 (17.6%) of 148 wild boars using the 
modified agglutination test (MAT, positivity threshold: 1:24). Seroprevalence was 45.9% 
when considering a threshold of 1:6. Hearts of individuals with a positive agglutination 
(starting dilution 1:6) (n = 60) were bioassayed in mice for isolation of viable T. gondii. In 
total, 21 isolates of T. gondii were obtained. In other wildlife from France Aubert et al. [37] T. 
gondii antibodies were found in 14 of 19 (73.7%) red foxes, with titers between 1:25 and 
1:6400 and parasite isolation was successful in 9/13 seropositive animals (69.2%). Thirty-six 
of the 60 roe deer (60%) showed antibodies with titers between 1:6 and 1:6400. Thirty-three 
bioassays were performed, 12 isolates were obtained from animals with antibodies titers 
between 1:25 and 1:6400. T. gondii antibodies were found in 4 of 24 red deer (17%) with titers 
of 1:6 (2), 1:10 (1) and 1:25 (1) and a viable parasite was isolated from the heart of one red 
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deer with a titer of 1:6. No parasite was isolated from fallow deer with only one positive 
with a titer of 1:25. T. gondii antibodies were found in 7 of 31 mouflons (23%) with titers 
between 1:6 and 1:6400 and the isolate was detected only in one samples. The brown hare (L. 
europaeus) is a common species of wild mammals in Europe where they are extensively 
hunted. They detected T. gondii antibodies in only 9% of sera from brown hares but failed to 
isolate viable parasites. In households animals (such as cats, dogs and rabbits) T. gondii 
represent a health hazard and can have the impact for the owners. Toxoplasmosis of pet 
animals as dogs, cats and rabbits is also important source of infection. In dogs, 
toxoplasmosis is a rare primary disease of dogs. Martins and Viana [38] highlight the 
importance of dogs in the epidemiological chain of the disease, through the habit of 
ingesting, and rolling in cat feces, thus permitting transmission of oocysts by contact of the 
contaminated hide. Lindsay et al. [39] demonstrated that after ingestion of T. gondii non-
sporulate oocysts, these could pass through the intestinal tract of dogs, and be excreted in 
their infectious stage, re-enforcing the theory that dogs act as mechanical vectors of oocysts. 
The sources of the contamination by oocysts are mainly moist and shady places with the 
occurrence of cats where are suitable conditions for surviving of oocysts for a long period in 
the external environment [40]. Serological diagnosis of T. gondii infections in dogs and cats 
has been evaluated by many investigators. The tests used include the Sabin-Feldman, the 
complement fixation, the indirect haemagglutination, the direct agglutination, the indirect 
fluorescent antibody and the enzyme immunoassay. The demonstration of antibodies by 
these serological tests just indicates previous infection by T. gondii. A laboratory diagnosis 
defined to toxoplasmosis-disease requires the demonstration of high titers of specific 
antibodies and increasing levels in two serum samples taken 2 to 4 weeks apart. The 
prevalence of antibodies to T. gondii was determined in sera from dogs in Grenada, West 
Indies. Using a modified agglutination test, antibodies to T. gondii were found in 52 (48.5 %) 
of the 107 dogs, with titers of 1:25 in 17, 1:50 in 19, 1:100 in 7, 1:1,600 in 5, and 1:3,200 or 
higher in 4 [41]. Lopes et al. [42] reported a serological survey of antibodies to T. gondii in 
domestic cats from northeastern Portugal, by means of the modified agglutination test. 
Three cats had titres of 20 (3.9%), 18 had titres of 40 (23.7%) and 55 animals had titres of ≥800 
(72.4%). Infection levels were also significantly different between cats that lived totally 
indoors (7.7%) and those that had access to outdoors (45.4%), as well as between cats living 
alone (13.8%) and those that had contact with other cats (39.4%). Seroprevalence values in 
cats fed only commercial canned or dried food (22.9%) and animals whose diet included raw 
or undercooked viscera and/or meat (53.5%) were also significantly different. Age, habitat 
and diet were identified as risk factors for the feline T. gondii infection by logistic  
regression analysis. Some control measures are suggested based on these findings [42]. 
Samples of serum taken during 1986 and 1987 from 244 pet cats, 303 dogs, were screened by 
enzyme-linked immunosorbent assay (ELISA) for antibodies to T. gondii 42% of cats, 23% of 
dogs examined were found seropositive [43]. Five hundred and sixty seven sera of  
healthy house cats were examined for the presence of anti-T. antibodies by  
indirect immunofluorescence assay. Twenty-five percent of cats tested positive for IgG 
and/or IgM. Seroprevalence increased with age from 2% below 12 months of age up to 44% 
at age 7.  
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These results suggest that T. gondii infections are common in house cats and that there is a 
high chance for a negative cat to seroconvert in its second life-year [44]. Sera of 413 dogs and 
286 cats from the Czech Republic were tested for antibodies to T. gondii by the indirect 
fluorescent antibody test. The IgM antibodies to T. gondii were found in 10 dogs (2.4%) and 8 
cats (2.8%); IgG antibodies were found in 107 dogs (25.9%) and 126 cats (44.1%). Of the dogs, 
the most exposed group were pet dogs, followed by police dogs; no antibodies were found 
in laboratory dogs. No statistically significant differences in prevalence were observed 
between clinically healthy (n = 115) and diseased pet dogs (n = 80); compare 0.87% and 
1.25% for IgM, and 33.9% and 33.75% for IgG, respectively. Although T. gondii is a common 
parasite in domestic cats and dogs, the clinical importance is low [45]. Figueroa-Castillo et 
al. [46] determined antibodies to T. gondii by indirect ELISA in serum samples from 
domestic rabbits from 3 rabbit farms in Mexico. Antibodies to T. gondii were found in 77 
(26.9%) of 286 animals. On the farm with the higher rearing standards, the seroprevalence 
was 18.7%, whereas on the farm with medium standards and another managed by a family, 
seroprevalence was 39.7 and 33.3%, respectively. This report is the first report concerning 
the prevalence of antibodies to T. gondii in rabbits from Mexico. Although the prevalence 
found in the present study is within the range reported for other countries, 2 of the farms 
revealed a relatively high prevalence, which was probably associated with the presence of 
cats inside rabbit houses [46]. In term of infection spread is important animal breeding, 
contact with another animal and composition and processing of feed. In animals keeping in 
households the most important role is composition and processing of food. The feeding of 
raw or undercooked meat or offal plays the main role in spreading of infection in household 
animals. The important part of rabbit feeding is fruits and vegetables. The fruits and 
vegetables contaminated with infected soil and inadequately washed presents the important 
source of T. infection with infected oocysts. The role of domestic rabbit in epidemiology of 
toxoplasmosis in humans has not been established in detail, but is probably important. 
Although some authors treat this role marginally, others place the rabbit among the animal 
species posing a major source of infection for man [47]. Ishikawa et al. [48] described the 
case of cervical toxoplasmosis transmitted from rabbit to man. Nevertheless, there is a lack 
of controlled epidemiological studies on the degrees of a correlation between the prevalence 
of toxoplasmosis in rabbits and in humans having contacts with these animals [48]. 

Among laboratory diagnostic techniques, a complement fixation test is one of the most 
frequently employed techniques for detecting antibodies to T. gondii. Results acquired in 
complement fixation tests in examinations for the presence of antibodies against T. gondii 
antigens in the serum specimens of infected animals facilitate the interpretation of such 
results. The level of overall antibodies in a CFT significantly correlates with the dynamics of 
IgM and IgA antibodies. A titre of 1:256 - 512 is significant for the acute phase of infection, 
whereas titres below 1:128 point to the chronic or latent course of the disease. With respect 
to the determination of T. infection in a serological examination, a CFT is of greater 
informative value in comparison to the same requirement related to IgG antibodies. Specific 
IgG antibodies detected by ELISA are a reliable substitution of quantitative results that can 
be assessed by CFT but due to the fact that the dynamics of CFT antibodies is more 
significantly associated with course of the disease, the assessment of the phase of infection 
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must be supported also by parallel examination of IgM or IgA antibodies [49]. So CFT 
should be the first part of basic examination procedures in the laboratory diagnosis of 
toxoplasmosis. The complement fixation test is the basic method in the diagnosis of 
toxoplasmosis. Despite its standard and reproducible results, it is rarely used in routine 
diagnosis of toxoplasmosis where the detection of IgG by means of ELISA is widely used. 
Our results suggested that CFT is reliable indicator of T. infection because was found a 
correlation between CFT and IgG ELISA. In our study were positive 36.3% of samples in 
both tests and 38.2 % of examined samples were positive only in CFT. A significant 
differences in results obtained by CFT and ELISA could be influenced also by the higher 
positive titer established in ELISA (1:100). Also it is possible that this difference is due to the 
fact that by CFT we detected overall antibodies (characteristic for acute and chronic 
reaction) but by ELISA we detected only IgG antibodies (characteristic mainly for chronic 
infection) not overall antibodies. Ondriska et al. [49] analyzed 1705 samples of serum from 
human patients by CFT and IgA, IgM and IgG ELISA. They found a dependence when 
comparing the CFT titres and concentrations of IgG antibodies (r=0.549, p0.05). A higher 
correlation was found when compared the CFT titres and concentrations of IgA antibodies 
(r=0.956) [49]. The limiting criterion for the evaluation of laboratory results is the assessment 
of the limiting cut-off value for the substance being assessed in reaction. In view of 
individual immunoreactivity and reactivity implying from organ localization of infection, 
the determination of CFT value is problematic and therefore it is more suitable to use the 
term of “diagnostically significant value”. For example, while Feldner [50] considers CFT 
titer equal to or over 1:10 in the correlation with positive IgM antibodies to be characteristic 
for acute infection, according to Catár et al. [51] this titre is more frequent in latent 
infections. Flegr and Havlíček [52] consider the titres as high as 1:128 to be significant. The 
titres equal to or below 1:64 according to these authors are detected mostly in patients with 
chronic or latent infection. In our study were found mostly titres characterized for latent 
infection and only one sample was in titer 1:256 responsible for acute infection.  

Gene amplification methods (PCR, LCR, NASBA, etc.) are now used widely in the diagnosis 
of infectious diseases. Key advantages are their relative speed, the potential to detect very 
low numbers of pathogens (or, more precisely, specific nucleic acid sequences from 
pathogens) and the ability to discriminate accurately at the species or sub-species level. In 
the case of non-persistent pathogens that are cleared from the body, a positive PCR finding 
is usually significant. The diagnosis of toxoplasmosis by PCR, however, is complicated by 
the fact that the parasite persists (principally in heart, brain and skeletal muscle in the form 
of quiescent tissue cysts) for many years after active infection has ceased. Thus, the presence 
of T. gondii in such tissues does not necessarily equate to active toxoplasmosis. Therefore is 
possible to find discrepancy between the serological results and results of molecular 
methods [2]. Molecular tests detecting circulating parasites would be helpful in the final 
diagnosis. Direct methods, such as PCR need biopsy samples [2,53]. Methods of sampling of 
the brain and other internal organ tissues in animals are not as sophisticated as in humans. 
This is particularly true of large animals meat-producing animals (e.g. cattle, sheep, goats 
and pigs), which pose the greatest risk of toxoplasmosis transmission to humans. In our 
study we decided to use blood as the main sample for isolation and detection of T. gondii 
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These results suggest that T. gondii infections are common in house cats and that there is a 
high chance for a negative cat to seroconvert in its second life-year [44]. Sera of 413 dogs and 
286 cats from the Czech Republic were tested for antibodies to T. gondii by the indirect 
fluorescent antibody test. The IgM antibodies to T. gondii were found in 10 dogs (2.4%) and 8 
cats (2.8%); IgG antibodies were found in 107 dogs (25.9%) and 126 cats (44.1%). Of the dogs, 
the most exposed group were pet dogs, followed by police dogs; no antibodies were found 
in laboratory dogs. No statistically significant differences in prevalence were observed 
between clinically healthy (n = 115) and diseased pet dogs (n = 80); compare 0.87% and 
1.25% for IgM, and 33.9% and 33.75% for IgG, respectively. Although T. gondii is a common 
parasite in domestic cats and dogs, the clinical importance is low [45]. Figueroa-Castillo et 
al. [46] determined antibodies to T. gondii by indirect ELISA in serum samples from 
domestic rabbits from 3 rabbit farms in Mexico. Antibodies to T. gondii were found in 77 
(26.9%) of 286 animals. On the farm with the higher rearing standards, the seroprevalence 
was 18.7%, whereas on the farm with medium standards and another managed by a family, 
seroprevalence was 39.7 and 33.3%, respectively. This report is the first report concerning 
the prevalence of antibodies to T. gondii in rabbits from Mexico. Although the prevalence 
found in the present study is within the range reported for other countries, 2 of the farms 
revealed a relatively high prevalence, which was probably associated with the presence of 
cats inside rabbit houses [46]. In term of infection spread is important animal breeding, 
contact with another animal and composition and processing of feed. In animals keeping in 
households the most important role is composition and processing of food. The feeding of 
raw or undercooked meat or offal plays the main role in spreading of infection in household 
animals. The important part of rabbit feeding is fruits and vegetables. The fruits and 
vegetables contaminated with infected soil and inadequately washed presents the important 
source of T. infection with infected oocysts. The role of domestic rabbit in epidemiology of 
toxoplasmosis in humans has not been established in detail, but is probably important. 
Although some authors treat this role marginally, others place the rabbit among the animal 
species posing a major source of infection for man [47]. Ishikawa et al. [48] described the 
case of cervical toxoplasmosis transmitted from rabbit to man. Nevertheless, there is a lack 
of controlled epidemiological studies on the degrees of a correlation between the prevalence 
of toxoplasmosis in rabbits and in humans having contacts with these animals [48]. 

Among laboratory diagnostic techniques, a complement fixation test is one of the most 
frequently employed techniques for detecting antibodies to T. gondii. Results acquired in 
complement fixation tests in examinations for the presence of antibodies against T. gondii 
antigens in the serum specimens of infected animals facilitate the interpretation of such 
results. The level of overall antibodies in a CFT significantly correlates with the dynamics of 
IgM and IgA antibodies. A titre of 1:256 - 512 is significant for the acute phase of infection, 
whereas titres below 1:128 point to the chronic or latent course of the disease. With respect 
to the determination of T. infection in a serological examination, a CFT is of greater 
informative value in comparison to the same requirement related to IgG antibodies. Specific 
IgG antibodies detected by ELISA are a reliable substitution of quantitative results that can 
be assessed by CFT but due to the fact that the dynamics of CFT antibodies is more 
significantly associated with course of the disease, the assessment of the phase of infection 

 
Toxoplasmosis in Livestock and Pet Animals in Slovakia 93 

must be supported also by parallel examination of IgM or IgA antibodies [49]. So CFT 
should be the first part of basic examination procedures in the laboratory diagnosis of 
toxoplasmosis. The complement fixation test is the basic method in the diagnosis of 
toxoplasmosis. Despite its standard and reproducible results, it is rarely used in routine 
diagnosis of toxoplasmosis where the detection of IgG by means of ELISA is widely used. 
Our results suggested that CFT is reliable indicator of T. infection because was found a 
correlation between CFT and IgG ELISA. In our study were positive 36.3% of samples in 
both tests and 38.2 % of examined samples were positive only in CFT. A significant 
differences in results obtained by CFT and ELISA could be influenced also by the higher 
positive titer established in ELISA (1:100). Also it is possible that this difference is due to the 
fact that by CFT we detected overall antibodies (characteristic for acute and chronic 
reaction) but by ELISA we detected only IgG antibodies (characteristic mainly for chronic 
infection) not overall antibodies. Ondriska et al. [49] analyzed 1705 samples of serum from 
human patients by CFT and IgA, IgM and IgG ELISA. They found a dependence when 
comparing the CFT titres and concentrations of IgG antibodies (r=0.549, p0.05). A higher 
correlation was found when compared the CFT titres and concentrations of IgA antibodies 
(r=0.956) [49]. The limiting criterion for the evaluation of laboratory results is the assessment 
of the limiting cut-off value for the substance being assessed in reaction. In view of 
individual immunoreactivity and reactivity implying from organ localization of infection, 
the determination of CFT value is problematic and therefore it is more suitable to use the 
term of “diagnostically significant value”. For example, while Feldner [50] considers CFT 
titer equal to or over 1:10 in the correlation with positive IgM antibodies to be characteristic 
for acute infection, according to Catár et al. [51] this titre is more frequent in latent 
infections. Flegr and Havlíček [52] consider the titres as high as 1:128 to be significant. The 
titres equal to or below 1:64 according to these authors are detected mostly in patients with 
chronic or latent infection. In our study were found mostly titres characterized for latent 
infection and only one sample was in titer 1:256 responsible for acute infection.  

Gene amplification methods (PCR, LCR, NASBA, etc.) are now used widely in the diagnosis 
of infectious diseases. Key advantages are their relative speed, the potential to detect very 
low numbers of pathogens (or, more precisely, specific nucleic acid sequences from 
pathogens) and the ability to discriminate accurately at the species or sub-species level. In 
the case of non-persistent pathogens that are cleared from the body, a positive PCR finding 
is usually significant. The diagnosis of toxoplasmosis by PCR, however, is complicated by 
the fact that the parasite persists (principally in heart, brain and skeletal muscle in the form 
of quiescent tissue cysts) for many years after active infection has ceased. Thus, the presence 
of T. gondii in such tissues does not necessarily equate to active toxoplasmosis. Therefore is 
possible to find discrepancy between the serological results and results of molecular 
methods [2]. Molecular tests detecting circulating parasites would be helpful in the final 
diagnosis. Direct methods, such as PCR need biopsy samples [2,53]. Methods of sampling of 
the brain and other internal organ tissues in animals are not as sophisticated as in humans. 
This is particularly true of large animals meat-producing animals (e.g. cattle, sheep, goats 
and pigs), which pose the greatest risk of toxoplasmosis transmission to humans. In our 
study we decided to use blood as the main sample for isolation and detection of T. gondii 
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DNA. The purpose of this study was to find out the relationship between the phase of 
infection acute or persist and the ability of quantitative PCR to detect DNA T. gondii in 
circulating leukocytes in the blood stream. Our study has shown that PCR analysis of 
animal blood can only detect DNA of T. gondii in acute phase of infection. At this time in 
infection parasites are hidden within leukocytes and that are circulating in the blood stream. 
At this stage, we are able to capture parasites and isolate DNA of T. gondii. After initiation of 
the chronic phase, parasites are hidden within cysts in the tissues and organs of the animals 
and it is not possible to detect their presence in the blood. DNA of T. gondii was confirmed 
in 10 animals from the total of 256 animals sampled. Of the ten PCR-positive animals DNA 
was detected in nine individuals with ongoing acute phase of infection (confirmed by 
ELISA). Hitt and Filice [54] detected T. gondii DNA in 12 of 32 (37%) rabbit blood samples by 
PCR. The decreased PCR sensitivity in blood samples was believed to be influenced by 
localization of leukocytes. In their study leukocytes in heparinised blood were not localized 
in leukocyte layer but they were distributed widely, mostly in erythrocyte layer. Therefore, 
the choice of the genome area which is amplified is important for efficiency of PCR analysis. 
Hitt and Filice believed that the B1 gene of genome enhanced the sensitivity of PCR 
techniques from blood samples [54]. Other investigators have been unable to detect T. gondii 
DNA in bone marrow from humans or whole blood from mice with toxoplasmosis. Heme, 
heparin, and other poorly characterized substances have been reported to decrease sensitivity 
[55]. Kompalic-Cristo et al. [56] examined 183 buffy coat samples from serologically examined 
patients, of the IgM seropositive patients 48.6% presented parasiteamia proven by PCR, 
whereas 3.6% positivity was achieved in individuals with chronic infection [56]. Lamoril et al. 
[57] examined 19 patients with confirmed cerebral toxoplasmosis and in only three cases 
samples were PCR positive. In the case of generalized toxoplasmosis, the lymph nodes, liver, 
spleen could be affected by infection and in this situation there is higher possibility to detect T. 
DNA by PCR [57]. Truppel et al. [58] examined Capybaras, Hydrochaeris hydrochaeris, by 
serological test and also examined lymph node, liver, spleen, heart and blood samples for the 
detection of T. DNA. T. DNA has been detected in the same samples of liver and blood [58]. In 
general PCR techniques are less sensitive in diagnosis of toxoplasmosis. One of the main 
problems is missing standardization of PCR performance according to laboratory conditions. 
The other problem is the kind of tested tissue (e.g. blood, liver, spleen, cerebrospinal fluid etc.). 
Each study has different sensitivity in the PCR with different tissues. Comparison studies, that 
compare PCR using different tissue samples give us the better view on sensitivity of PCR and 
help us to choose the best tissue samples with regard to easy and the least invasive for the 
animals.  

10. Conclusion 

All mammals and birds that are consumed by humans may serve as intermediate hosts for 
T. gondii and thus may be a potential source of infection for humans. In the life cycle of T. 
gondii are three infectious stages i.e. tachyzoites, bradyzoites contained in tissue cysts and 
sporozoites contained in sporulated oocysts. All three stages are infectious for both 
intermediate and definitive hosts which may acquire a T. gondii infection horizontally by 
oral ingestion of infectious oocysts from the environment, horizontally by oral ingestion of 
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tissues cysts contained in raw and undercooked meat or primary offal of intermediate hosts 
and vertically by transplacental transmission of tachyzoites [1]. From the animal point of 
view, meat-producing animal represent the source of tissue cysts for humans. Tissue cysts of 
T. gondii have a high affinity for neural and muscular tissues. They are located 
predominantly in the central nervous system, the eye, as well as skeletal and cardiac 
muscles. Therefore, tissue cysts of T. gondii contained in meat, meat derived products or 
offal may be importance sources of infections for humans. Although the potential for 
transmission of the parasite to humans via food has been known for several decades, it is 
not known which routes are most important from a public health point of view. It is likely 
that transmission of the parasite to humans is influenced not only by the potential 
contamination of various food sources, but also by the individual behavior of consumers in 
different ethnic groups and geographical regions. Most current methods for detection of T. 
gondii in meat-producing animals, in products of animal origin, or in the environment are 
insufficient because they do not allow quantification of infectious stages. Hence, most 
studies report only qualitative data from which it is difficult to assess the true risk of 
infection in individual cases. There is a need for quantitative data so that efficient strategies 
to reduce food-borne transmission of T. gondii to humans can be developed [59]. For public 
health purposes it is important to note that the organotropism of T. gondii and the number of 
tissue cysts produced in a certain organ vary with the intermediate and host species. 
Therefore, not all animals used for human consumption are of the same public health 
significance. In livestock, T. gondii tissue cysts are most frequently observed in various 
tissues of infected pigs, sheep and goats, and less frequently in infected poultry, rabbits, 
dogs and horses. By contrast, tissue cysts are found only rarely in skeletal muscles of cattle 
or buffaloes. Usually, the consumption of raw or undercooked pork or mutton is regarded 
as a major factor in food-borne transmission to humans. However, it is possible to 
significantly reduce the risk of T. gondii infection in livestock using intensive farm 
management with adequate measures of hygiene, confinement and prevention. These 
measures include: keeping meat-producing animals indoors throughout their life-time; 
keeping the sheds free of rodents, birds and insects; feeding meat-producing animals on 
sterilised food and controlling access to sheds and feed stores, i.e., no pet animals should be 
allowed inside them. Using such preventive measures, it is economically possible to 
produce pigs and poultry free of T. gondii infection. By contrast, production of free-ranging 
livestock will inevitably be associated with T. gondii infection. Animals such as sheep and 
goats kept on pastures have an increased risk of infection due to contamination of the 
environment with sporulated oocysts. Such animals show high levels of seropositivity in 
many areas of the world, i.e. up to 92% and 75%, respectively [1]. This is of particular 
importance because tissue cysts have been found in many edible parts of sheep [60,61] and 
small ruminants are important in both milk and meat production throughout the world. 
Seropositivity is distinctly lower and more varying in horses, rabbits and poultry. This may 
reflect epidemiological factors such as different types of confinement, hygiene of stables and 
different types of feed. By contrast, seropositivity is usually high in dogs, indicating their 
continuous exposure to a natural environment and the cumulative effect of age. All of these 
animals may harbour a considerable number of tissue cysts in their organs, including 
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DNA. The purpose of this study was to find out the relationship between the phase of 
infection acute or persist and the ability of quantitative PCR to detect DNA T. gondii in 
circulating leukocytes in the blood stream. Our study has shown that PCR analysis of 
animal blood can only detect DNA of T. gondii in acute phase of infection. At this time in 
infection parasites are hidden within leukocytes and that are circulating in the blood stream. 
At this stage, we are able to capture parasites and isolate DNA of T. gondii. After initiation of 
the chronic phase, parasites are hidden within cysts in the tissues and organs of the animals 
and it is not possible to detect their presence in the blood. DNA of T. gondii was confirmed 
in 10 animals from the total of 256 animals sampled. Of the ten PCR-positive animals DNA 
was detected in nine individuals with ongoing acute phase of infection (confirmed by 
ELISA). Hitt and Filice [54] detected T. gondii DNA in 12 of 32 (37%) rabbit blood samples by 
PCR. The decreased PCR sensitivity in blood samples was believed to be influenced by 
localization of leukocytes. In their study leukocytes in heparinised blood were not localized 
in leukocyte layer but they were distributed widely, mostly in erythrocyte layer. Therefore, 
the choice of the genome area which is amplified is important for efficiency of PCR analysis. 
Hitt and Filice believed that the B1 gene of genome enhanced the sensitivity of PCR 
techniques from blood samples [54]. Other investigators have been unable to detect T. gondii 
DNA in bone marrow from humans or whole blood from mice with toxoplasmosis. Heme, 
heparin, and other poorly characterized substances have been reported to decrease sensitivity 
[55]. Kompalic-Cristo et al. [56] examined 183 buffy coat samples from serologically examined 
patients, of the IgM seropositive patients 48.6% presented parasiteamia proven by PCR, 
whereas 3.6% positivity was achieved in individuals with chronic infection [56]. Lamoril et al. 
[57] examined 19 patients with confirmed cerebral toxoplasmosis and in only three cases 
samples were PCR positive. In the case of generalized toxoplasmosis, the lymph nodes, liver, 
spleen could be affected by infection and in this situation there is higher possibility to detect T. 
DNA by PCR [57]. Truppel et al. [58] examined Capybaras, Hydrochaeris hydrochaeris, by 
serological test and also examined lymph node, liver, spleen, heart and blood samples for the 
detection of T. DNA. T. DNA has been detected in the same samples of liver and blood [58]. In 
general PCR techniques are less sensitive in diagnosis of toxoplasmosis. One of the main 
problems is missing standardization of PCR performance according to laboratory conditions. 
The other problem is the kind of tested tissue (e.g. blood, liver, spleen, cerebrospinal fluid etc.). 
Each study has different sensitivity in the PCR with different tissues. Comparison studies, that 
compare PCR using different tissue samples give us the better view on sensitivity of PCR and 
help us to choose the best tissue samples with regard to easy and the least invasive for the 
animals.  

10. Conclusion 

All mammals and birds that are consumed by humans may serve as intermediate hosts for 
T. gondii and thus may be a potential source of infection for humans. In the life cycle of T. 
gondii are three infectious stages i.e. tachyzoites, bradyzoites contained in tissue cysts and 
sporozoites contained in sporulated oocysts. All three stages are infectious for both 
intermediate and definitive hosts which may acquire a T. gondii infection horizontally by 
oral ingestion of infectious oocysts from the environment, horizontally by oral ingestion of 
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tissues cysts contained in raw and undercooked meat or primary offal of intermediate hosts 
and vertically by transplacental transmission of tachyzoites [1]. From the animal point of 
view, meat-producing animal represent the source of tissue cysts for humans. Tissue cysts of 
T. gondii have a high affinity for neural and muscular tissues. They are located 
predominantly in the central nervous system, the eye, as well as skeletal and cardiac 
muscles. Therefore, tissue cysts of T. gondii contained in meat, meat derived products or 
offal may be importance sources of infections for humans. Although the potential for 
transmission of the parasite to humans via food has been known for several decades, it is 
not known which routes are most important from a public health point of view. It is likely 
that transmission of the parasite to humans is influenced not only by the potential 
contamination of various food sources, but also by the individual behavior of consumers in 
different ethnic groups and geographical regions. Most current methods for detection of T. 
gondii in meat-producing animals, in products of animal origin, or in the environment are 
insufficient because they do not allow quantification of infectious stages. Hence, most 
studies report only qualitative data from which it is difficult to assess the true risk of 
infection in individual cases. There is a need for quantitative data so that efficient strategies 
to reduce food-borne transmission of T. gondii to humans can be developed [59]. For public 
health purposes it is important to note that the organotropism of T. gondii and the number of 
tissue cysts produced in a certain organ vary with the intermediate and host species. 
Therefore, not all animals used for human consumption are of the same public health 
significance. In livestock, T. gondii tissue cysts are most frequently observed in various 
tissues of infected pigs, sheep and goats, and less frequently in infected poultry, rabbits, 
dogs and horses. By contrast, tissue cysts are found only rarely in skeletal muscles of cattle 
or buffaloes. Usually, the consumption of raw or undercooked pork or mutton is regarded 
as a major factor in food-borne transmission to humans. However, it is possible to 
significantly reduce the risk of T. gondii infection in livestock using intensive farm 
management with adequate measures of hygiene, confinement and prevention. These 
measures include: keeping meat-producing animals indoors throughout their life-time; 
keeping the sheds free of rodents, birds and insects; feeding meat-producing animals on 
sterilised food and controlling access to sheds and feed stores, i.e., no pet animals should be 
allowed inside them. Using such preventive measures, it is economically possible to 
produce pigs and poultry free of T. gondii infection. By contrast, production of free-ranging 
livestock will inevitably be associated with T. gondii infection. Animals such as sheep and 
goats kept on pastures have an increased risk of infection due to contamination of the 
environment with sporulated oocysts. Such animals show high levels of seropositivity in 
many areas of the world, i.e. up to 92% and 75%, respectively [1]. This is of particular 
importance because tissue cysts have been found in many edible parts of sheep [60,61] and 
small ruminants are important in both milk and meat production throughout the world. 
Seropositivity is distinctly lower and more varying in horses, rabbits and poultry. This may 
reflect epidemiological factors such as different types of confinement, hygiene of stables and 
different types of feed. By contrast, seropositivity is usually high in dogs, indicating their 
continuous exposure to a natural environment and the cumulative effect of age. All of these 
animals may harbour a considerable number of tissue cysts in their organs, including 
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skeletal muscles, and thus have importance in food-borne transmission to humans who 
consume their meat [1,62]. 

Tissue cysts of T. gondii in venison and other meat of wild animals, including hares, wild 
boars, deer and other cervids, kangaroos and bears are other potential sources of infection 
for humans [1,63]. In addition to higher environmental pressure of infection, there is a 
cumulative effect of age in many wild animals that results in a very high prevalence of 
infection. Some wild animals, such as Australian native marsupials, have evolved in the 
absence of T. gondii until cats were introduced to their environment only a few hundred 
years ago. As a consequence, these animals are highly susceptible to the parasite. Although 
seropositivity of T. gondii infection in marsupials is usually lower than in placental 
mammals, kangaroo meat in particular has been recognised as a potential source of 
infection for humans, because it is very lean with little fat and, thus, is usually consumed 
rare or undercooked [64]. It is important to know that seropositivity of meat-producing 
animals does not necessarily reflect the risk that those animals pose for their consumers. 
For example, the meat of cattle and buffaloes rarely contains tissue cysts, although in 
some area more than 90% of these animals are seropositive for T. gondii. By contrast, 
seropositive pigs, sheep and goats can be assumed to harbor large number of tissue cysts 
in their meat [63,65]. On the basis of the abovementioned facts, it is assumable that the 
prevalence of the infection with T. gondii mainly in livestock is closely related to the 
method of breeding these animals. In animals which are bred extensively and are grazed 
in pastures, the risk of infection is higher than in animals bred on farms with no contact 
with the outside environment. While grazing, the animals are exposed for long periods to 
the possibility of infection from the environment. Infected green fodder, soil and water 
are the most frequent sources of infection in these animals. In farm breeding, where 
zoohygienic conditions are maintained, animal contact with the environment is prevented 
and the fodder is well-stored, possibilities of infection are lowered to the minimum and 
thus the seroprevalence is considerably lower. So it is possible to reduce the risk of T. 
gondii infection in meat-producing animals using intensive farm management with 
adequate measures of hygiene, confinement and preventions, such as keeping the sheds 
free of rodents, birds, and insects, keeping meat-producing animals indoors throughout 
their life-time, feeding meat-producing animals on sterilized food, controlling of access to 
sheds and feed stores (no pet animals). 
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skeletal muscles, and thus have importance in food-borne transmission to humans who 
consume their meat [1,62]. 

Tissue cysts of T. gondii in venison and other meat of wild animals, including hares, wild 
boars, deer and other cervids, kangaroos and bears are other potential sources of infection 
for humans [1,63]. In addition to higher environmental pressure of infection, there is a 
cumulative effect of age in many wild animals that results in a very high prevalence of 
infection. Some wild animals, such as Australian native marsupials, have evolved in the 
absence of T. gondii until cats were introduced to their environment only a few hundred 
years ago. As a consequence, these animals are highly susceptible to the parasite. Although 
seropositivity of T. gondii infection in marsupials is usually lower than in placental 
mammals, kangaroo meat in particular has been recognised as a potential source of 
infection for humans, because it is very lean with little fat and, thus, is usually consumed 
rare or undercooked [64]. It is important to know that seropositivity of meat-producing 
animals does not necessarily reflect the risk that those animals pose for their consumers. 
For example, the meat of cattle and buffaloes rarely contains tissue cysts, although in 
some area more than 90% of these animals are seropositive for T. gondii. By contrast, 
seropositive pigs, sheep and goats can be assumed to harbor large number of tissue cysts 
in their meat [63,65]. On the basis of the abovementioned facts, it is assumable that the 
prevalence of the infection with T. gondii mainly in livestock is closely related to the 
method of breeding these animals. In animals which are bred extensively and are grazed 
in pastures, the risk of infection is higher than in animals bred on farms with no contact 
with the outside environment. While grazing, the animals are exposed for long periods to 
the possibility of infection from the environment. Infected green fodder, soil and water 
are the most frequent sources of infection in these animals. In farm breeding, where 
zoohygienic conditions are maintained, animal contact with the environment is prevented 
and the fodder is well-stored, possibilities of infection are lowered to the minimum and 
thus the seroprevalence is considerably lower. So it is possible to reduce the risk of T. 
gondii infection in meat-producing animals using intensive farm management with 
adequate measures of hygiene, confinement and preventions, such as keeping the sheds 
free of rodents, birds, and insects, keeping meat-producing animals indoors throughout 
their life-time, feeding meat-producing animals on sterilized food, controlling of access to 
sheds and feed stores (no pet animals). 
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1. Introduction 

Over the past two decades, molecular diagnosis of toxoplasmosis, which is based on the 
detection of T. gondii DNA in clinical samples, became an indispensable laboratory test. This 
method is independent of the immune response, and depending on methodological 
approach, may facilitate more accurate diagnosis, especially in cases in which inadequacy of 
conventional methods is faced with deteriorating and potentially severe clinical outcome 
(congenital, ocular toxoplasmosis and cases of immunosuppression).  

Molecular methods based on polymerase chain reaction (PCR) are simple, sensitive, 
reproducible and can be applied to all clinical samples (Bell and Ranford-Cartwright, 2002; 
Contini et al., 2005; Calderaro et al., 2006; Bastien et al., 2007). These methods are divided 
into two groups. The first group consists of techniques focused on detection of T. gondii 
DNA in biological and clinical samples, including conventional PCR, nested PCR and real-
time PCR. The second group consists of molecular methods including PCR-RFLP, 
microsatellite analysis and multilocus sequence typing of a single copy T. gondii DNA and 
those are predominantly used for strain typing (Su et al., 2010). 

However, it is important to emphasize that molecular diagnostics, being a constantly 
improving modern methodology, is not standardized even among the world's leading 
laboratories. The differences are substantial and numerous, and they extend to all segments 
of the methodology such as target genes for parasite detection and markers for genotyping, 
equipment manufacturers and different protocols (various sets of primers and probes and 
their concentration, different internal controls, etc...). 
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2. Molecular diagnostics 

2.1. Methodology 

Conventional PCR was, in the beginning, the molecular detection method of choice for the 
majority of laboratories dealing with the diagnosis of toxoplasmosis and it was based on 
both in-house protocols and commercial kits (Lavrard et al., 1995). To increase the sensitivity 
of molecular diagnostics of toxoplasmosis nested PCR was introduced, although in recent 
years real-time PCR has shown a significantly higher sensitivity as well as specificity 
(Jauregui et al., 2001; Reischl et al., 2003; Contini et al., 2005; Calderaro et al., 2006; 
Edvinsson et al., 2006). Real-time PCR detection also has the capability of quantification of T. 
gondii in biological samples, which has found wide application in monitoring the kinetics 
and outcome of infection in patients undergoing therapy, as well as in experimental models 
(Lin et al., 2000; Jauregui et al., 2001; Contini et al., 2005; Djurković-Djaković et al., 2012). 

Molecular diagnostics of toxoplasmosis is generally based on the detection of a specific 
DNA sequence, using different assays and protocols, mostly from highly conserved regions 
such as the B1 gene repeated 35 times in the genome, 529 bp repetitive element with about 
200-300 copies in the genome, ITS-1 (internal transcribed spacer ) that exists in 110 copies 
and 18S rDNA gene sequences (Table 1). Qualitative PCR protocols for the detection of 
single copy genes such as the P30 gene appeared less sensitive and they are rarely used for 
diagnostic purposes (Jones et al., 2000). 
 

Markers No. of copies References
B1 ≈ 35 Wahab et al., 2010 

Correia et al., 2010 
Okay et al., 2009 

529 bp (AF146527) 200-300 da Silva RC et al., 2011 
Yera et al., 2009 
Vujanić et al., 2011 

ITS-1 or 18S rDNA ≈110 Truppel et al., 2010 
Miller et al., 2004 

P30 Single copy gene Buchbinder et al., 2003 
Eida et al., 2009 
Cardona et al., 2009 

Table 1. T. gondii DNA detection markers (latest and most significant data) 

The first protocol for molecular detection of T. gondii, for conventional PCR targeting B1 
gene, was developed in 1989 and has since been modified and optimized in many 
laboratories (Burg et al., 1989; Lopez et al., 1994; Liesenfeld et al., 1994; Reischl et al., 2003; 
Switaj et al., 2005). The B1 gene, although of unknown function, is widely exploited in a 
number of diagnostic and epidemiological studies because of its specificity and sensitivity. 
There are also some studies in which the detection of T. gondii parasites was based on 
amplification of ITS-1 and 18S rDNA fragments, whose sensitivity was similar to the B1 
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gene (Hurtado et al., 2001; Calderaro et al., 2006). However, the repetitive element of 529 bp 
in length, which was firstly identified by Homan, has showed a 10 to 100 times higher 
sensitivity compared to the B1 gene (Homan et al., 2000; Reischl et al., 2003). Nevertheless, 
there are several studies indicating that there are T. gondii strains in which either the whole 
or parts of the 529bp fragment have been deleted or mutated or in which the number of 
repeats vary. One report suggests that the 529bp repeat element, of unknown function as 
well, was not present in all isolates analyzed; 4.8% of the samples gave false-negative results 
compared to results from amplification of the B1 gene (Wahab et al. 2010.). Furthermore, 
some of the latest studies question its validity for quantification in clinical diagnostics since 
the number of copies of the 529 bp repetitive sequence in Toxoplasma genome appears to be 5 
to 12 times lower than the previous estimations (Costa & Bretagne, 2012). Nevertheless, the 
detection of T. gondii DNA using the 529 bp repetitive element, and real-time PCR protocols 
that detect the presence of this element, is currently the most widely used molecular 
approach for the detection of T. gondii (Reischl et al., 2003; Kasper et al., 2009). 

However, it can be of great methodological significance to further clarify the specificity of 
using a multicopy target of unknown function before the introduction of such protocol into 
the laboratory diagnostics (Edvinsson at al., 2006) 

2.2. Clinical significance in various biological samples 

Molecular detection of T. gondii in cases of suspected congenital toxoplasmosis may be 
performed in the amniotic fluid, and fetal and neonatal blood samples. Also, it is performed 
in the peripheral blood of immunosuppressed patients, and in samples of humor aqueous 
and cerebrospinal fluid of patients suspected of ocular and cerebral toxoplasmosis, as well 
as in bronchoalveolar lavage fluid (BAL). Furthermore, in our laboratory, peripheral blood 
of patients suspected of acute toxoplasmosis was also analyzed (Table 2). 
 

Clinical sample  
Real-time PCR 

No. tested No. positive (%) 

Blood 91 28 (30.8) 

Amniotic fluid 28 10 (35.7) 

Fetal blood 9 3 (33.3) 

BAL 1 1 (100) 

Aqueous humor 10 6 (60) 

Cerebrospinal fluid 7 4 (57.1) 

Total 146 52 (35.6) 

Table 2. Real-time PCR results on various clinical samples of patients suspected of active toxoplasmosis 
examined in the National Reference Laboratory for Toxoplasmosis, Belgrade, Serbia 
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2.2.1. Peripheral blood 

In our laboratory, the presence of T. gondii DNA was shown in about one-third (31%) of all 
analysed cases. Similar research carried out on peripheral blood samples derived from 
patients with an acute T. gondii-related lymphadenopathy, resulted in the detection of 
parasite DNA in 35% of all samples (Guy & Joynson, 1995). In a study involving patients 
with acute toxoplasmosis in southeastern Brazil, the rate of parasite DNA-positive 
peripheral blood samples was 48.6% (17/35) (Kompalic-Cristo et al., 2007). Interestingly, 
both of these studies used B1 as the target gene, which is considered to be of lower 
sensitivity than the AF146527 marker that we used; however, the total number of analyzed 
samples was smaller and the patient selection criteria may have differed. In addition, in the 
Brazilian study DNA extraction was performed from the buffy coat instead of the whole 
blood, which may have contributed to the extraction of larger amounts of parasite DNA and 
higher success in its detection (Menotti et al., 2003; Jalal et al., 2004). Timely (early) sampling 
is also of particular importance, as detection of T. gondii DNA from the peripheral blood of 
patients with acute toxoplasmic lymphadenopathy has been shown to be very difficult 5.5 to 
13 weeks after the onset of infection (Guy & Joynson, 1995). Successful PCR detection of T. 
gondii DNA should indicate recent infection. However, one must take into consideration that 
PCR detection of parasitic DNA alone does not necessarily mean that parasites are viable. 
The immune system rapidly kills circulating parasites but the T. gondii DNA could be 
retained for some period of time in the circulation. Also, it has been suggested that even in 
the chronic phase of infection it is possible, though very rarely, to detect in blood the DNA 
originating from cysts present in the muscles and nervous system (Guy & Joynson, 1995). 
On the other hand, negative PCR cannot exclude recent infection because of several reasons 
such as the small number of parasites circulating in the blood or short period of duration of 
parasitemia. Here it must be stressed that the exact kinetics of parasites in humans still 
remains unclear. Other reasons for negative PCR results include the small sample size from 
which DNA is extracted compared to the total volume of blood in the human body, as well 
as the fact that the blood contains components that may inhibit the PCR reaction, primarily 
heme, hemoglobin, lactoferrin and immunoglobulin G.  

We have analyzed real-time PCR results from peripheral blood samples originating from 
patients suspected of acute toxoplasmosis according to the serological criteria for acute 
infection, i.e. avidity of specific IgG antibodies and the finding of specific IgM antibodies. 
The results showed that positive real-time PCR correlates better with the finding of specific 
IgM antibodies, than with low avidity of specific IgG antibodies (Vujanić, 2012). 

Comparison of molecular detection and bioassay findings on peripheral blood samples of 
the patients with specific IgM antibodies and specific IgG antibodies of low avidity, 
suggesting acute toxoplasmosis, has been done as well. It was shown that in nearly one-
third (29%) of the analyzed cases T. gondii DNA was detected in comparison to 
approximately 20% positive bioassays. This result undoubtedly indicates a higher sensitivity 
of the real-time PCR method in relation to the bioassay. However, molecular detection of 
parasite DNA in peripheral blood is of the greatest significance in immunosuppressed 
patients, where it may be the only method for both the diagnosis and monitoring of the 
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therapeutic effect of the administered antiparasitic drugs. The significance of real-time PCR 
for monitoring the kinetics of the infection has been shown in immunosuppressed patients 
after bone marrow and liver transplantation (Costa et al., 2000; Botterel et al., 2002 ; 
Edvinsson et al., 2008; Daval et al., 2010). Using real-time PCR, we too have observed a 
decline in parasitemia in a patient with reactivated toxoplasmosis during specific treatment 
(Vujanić 2012).  

Although the detection of parasite DNA in peripheral blood of adults may not always be 
direct evidence of active parasitemia, T. gondii DNA detected in fetal and neonatal blood 
samples is of the utmost clinical  importance because there is no possibility of detection of 
DNA from earlier infections. Therefore, the most important application of molecular 
methods is in the diagnosis of congenital toxoplasmosis, as the isolation of the parasite in 
cell culture is insufficiently sensitive (Thulliez et al., 1992; Foulon et al., 1999) and the 
isolation by bioassay takes approximately 6 weeks. 

2.2.2. Amniotic fluid 

In the last two decades, the detection of T. gondii DNA in the amniotic fluid has become 
particularly important, as it allows for timely diagnosis of fetal infection, and subsequent 
implementation of appropriate therapy and infection control (Menotti et al., 2010; Wallon et 
al., 2010). We have so far studied a total of 28 amniotic fluid samples obtained from women 
suspected of infection in pregnancy. Real-time PCR revealed parasite DNA in 36% of the 
amniotic fluid samples whereas mouse bioassay was positive in 25%. A similar difference in 
the positivity rate between PCR (17/85, 20%) and bioassay (14/85, 16.5%) results was 
obtained in a study in Egypt (Eida et al., 2009).  

Given that in many published studies real-time PCR and bioassay results from the amniotic 
fluid did not match, which is the case in our research as well, and as congenital infection 
cannot be excluded by  negative PCR (Romand et al., 2001; Golab et al., 2002), for prediction 
of congenital toxoplasmosis it is optimal to combine both molecular detection and bioassay. 
In one study of prenatal diagnosis of congenital toxoplasmosis in patients from 6 European 
centers of reference it was shown that PCR from amniotic fluid has a higher sensitivity 
(81%) in regard to both bioassay (58%) and cell culture (15%) (Foulon et al., 1999). The 
combination of PCR and bioassay increases the sensitivity to 91%, and represents the best 
diagnostic approach (Foulon et al., 1999).  

In European countries such as France and Austria regular serological monitoring of 
pregnant women for T. gondii is regulated by law, which allows for  precise timing of 
seroconversion and timely prenatal diagnosis of fetal infection. This has also allowed for a 
vast experience with the diagnosis of congenital toxoplasmosis, and provided data on the 
superior sensitivity of molecular methods compared to conventional parasitological tests. 
Thus, one long-term study conducted in France showed that out of 2632 women in whom 
the infection occurred during pregnancy, congenital toxoplasmosis was confirmed by 
positive PCR in the amniotic fluid and/or fetal blood in 34 cases in which congenital 
infection was diagnosed by conventional methods, as well as in three fetuses in whom the 
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2.2.1. Peripheral blood 

In our laboratory, the presence of T. gondii DNA was shown in about one-third (31%) of all 
analysed cases. Similar research carried out on peripheral blood samples derived from 
patients with an acute T. gondii-related lymphadenopathy, resulted in the detection of 
parasite DNA in 35% of all samples (Guy & Joynson, 1995). In a study involving patients 
with acute toxoplasmosis in southeastern Brazil, the rate of parasite DNA-positive 
peripheral blood samples was 48.6% (17/35) (Kompalic-Cristo et al., 2007). Interestingly, 
both of these studies used B1 as the target gene, which is considered to be of lower 
sensitivity than the AF146527 marker that we used; however, the total number of analyzed 
samples was smaller and the patient selection criteria may have differed. In addition, in the 
Brazilian study DNA extraction was performed from the buffy coat instead of the whole 
blood, which may have contributed to the extraction of larger amounts of parasite DNA and 
higher success in its detection (Menotti et al., 2003; Jalal et al., 2004). Timely (early) sampling 
is also of particular importance, as detection of T. gondii DNA from the peripheral blood of 
patients with acute toxoplasmic lymphadenopathy has been shown to be very difficult 5.5 to 
13 weeks after the onset of infection (Guy & Joynson, 1995). Successful PCR detection of T. 
gondii DNA should indicate recent infection. However, one must take into consideration that 
PCR detection of parasitic DNA alone does not necessarily mean that parasites are viable. 
The immune system rapidly kills circulating parasites but the T. gondii DNA could be 
retained for some period of time in the circulation. Also, it has been suggested that even in 
the chronic phase of infection it is possible, though very rarely, to detect in blood the DNA 
originating from cysts present in the muscles and nervous system (Guy & Joynson, 1995). 
On the other hand, negative PCR cannot exclude recent infection because of several reasons 
such as the small number of parasites circulating in the blood or short period of duration of 
parasitemia. Here it must be stressed that the exact kinetics of parasites in humans still 
remains unclear. Other reasons for negative PCR results include the small sample size from 
which DNA is extracted compared to the total volume of blood in the human body, as well 
as the fact that the blood contains components that may inhibit the PCR reaction, primarily 
heme, hemoglobin, lactoferrin and immunoglobulin G.  

We have analyzed real-time PCR results from peripheral blood samples originating from 
patients suspected of acute toxoplasmosis according to the serological criteria for acute 
infection, i.e. avidity of specific IgG antibodies and the finding of specific IgM antibodies. 
The results showed that positive real-time PCR correlates better with the finding of specific 
IgM antibodies, than with low avidity of specific IgG antibodies (Vujanić, 2012). 

Comparison of molecular detection and bioassay findings on peripheral blood samples of 
the patients with specific IgM antibodies and specific IgG antibodies of low avidity, 
suggesting acute toxoplasmosis, has been done as well. It was shown that in nearly one-
third (29%) of the analyzed cases T. gondii DNA was detected in comparison to 
approximately 20% positive bioassays. This result undoubtedly indicates a higher sensitivity 
of the real-time PCR method in relation to the bioassay. However, molecular detection of 
parasite DNA in peripheral blood is of the greatest significance in immunosuppressed 
patients, where it may be the only method for both the diagnosis and monitoring of the 

 
Molecular Detection and Genotyping of Toxoplasma gondii from Clinical Samples 107 

therapeutic effect of the administered antiparasitic drugs. The significance of real-time PCR 
for monitoring the kinetics of the infection has been shown in immunosuppressed patients 
after bone marrow and liver transplantation (Costa et al., 2000; Botterel et al., 2002 ; 
Edvinsson et al., 2008; Daval et al., 2010). Using real-time PCR, we too have observed a 
decline in parasitemia in a patient with reactivated toxoplasmosis during specific treatment 
(Vujanić 2012).  

Although the detection of parasite DNA in peripheral blood of adults may not always be 
direct evidence of active parasitemia, T. gondii DNA detected in fetal and neonatal blood 
samples is of the utmost clinical  importance because there is no possibility of detection of 
DNA from earlier infections. Therefore, the most important application of molecular 
methods is in the diagnosis of congenital toxoplasmosis, as the isolation of the parasite in 
cell culture is insufficiently sensitive (Thulliez et al., 1992; Foulon et al., 1999) and the 
isolation by bioassay takes approximately 6 weeks. 

2.2.2. Amniotic fluid 

In the last two decades, the detection of T. gondii DNA in the amniotic fluid has become 
particularly important, as it allows for timely diagnosis of fetal infection, and subsequent 
implementation of appropriate therapy and infection control (Menotti et al., 2010; Wallon et 
al., 2010). We have so far studied a total of 28 amniotic fluid samples obtained from women 
suspected of infection in pregnancy. Real-time PCR revealed parasite DNA in 36% of the 
amniotic fluid samples whereas mouse bioassay was positive in 25%. A similar difference in 
the positivity rate between PCR (17/85, 20%) and bioassay (14/85, 16.5%) results was 
obtained in a study in Egypt (Eida et al., 2009).  

Given that in many published studies real-time PCR and bioassay results from the amniotic 
fluid did not match, which is the case in our research as well, and as congenital infection 
cannot be excluded by  negative PCR (Romand et al., 2001; Golab et al., 2002), for prediction 
of congenital toxoplasmosis it is optimal to combine both molecular detection and bioassay. 
In one study of prenatal diagnosis of congenital toxoplasmosis in patients from 6 European 
centers of reference it was shown that PCR from amniotic fluid has a higher sensitivity 
(81%) in regard to both bioassay (58%) and cell culture (15%) (Foulon et al., 1999). The 
combination of PCR and bioassay increases the sensitivity to 91%, and represents the best 
diagnostic approach (Foulon et al., 1999).  

In European countries such as France and Austria regular serological monitoring of 
pregnant women for T. gondii is regulated by law, which allows for  precise timing of 
seroconversion and timely prenatal diagnosis of fetal infection. This has also allowed for a 
vast experience with the diagnosis of congenital toxoplasmosis, and provided data on the 
superior sensitivity of molecular methods compared to conventional parasitological tests. 
Thus, one long-term study conducted in France showed that out of 2632 women in whom 
the infection occurred during pregnancy, congenital toxoplasmosis was confirmed by 
positive PCR in the amniotic fluid and/or fetal blood in 34 cases in which congenital 
infection was diagnosed by conventional methods, as well as in three fetuses in whom the 
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infection was not diagnosed by other methods (Hohlfeld et al., 1994). Also, in a similar 
study in Austria, outcome of prenatally diagnosed children was followed-up during the first 
year of life to assess the validity of PCR results from the amniotic fluid. Of the 49 amniotic 
fluid samples analyzed, congenital infection was confirmed postnatally by serological 
monitoring in all 11 (22.4%) PCR-positive ones, whereas none of the 38 children in whom 
PCR of the amniotic fluid was negative was shown to be infected (Gratzl et al., 1998). 

2.2.3. Cord blood 

Cord blood is not considered the ideal sample for prenatal diagnosis of congenital 
toxoplasmosis. For example, the results of a survey carried out in France did not show any 
positive PCR result among 19 tested cord blood samples from children with proven 
congenital toxoplasmosis (Filisetti et al., 2003). Nevertheless, cord blood samples that are 
occasionally provided to our laboratory, have shown a rate of positivity in real-time PCR of 
33%.  All cord blood samples in our study were inoculated into mice and the rate of 
positivity of bioassay was 55.5%. A higher rate of isolation of viable parasites by bioassay 
compared to the detection of parasitic DNA by real-time PCR may be explained by a larger 
sample volume used for mouse inoculation in comparison to the amount used for DNA 
extraction, as well as by probable presence of PCR inhibitors. In one study performed on a 
representative sample of pregnant women in China a similar rate of real-time PCR positive 
results was obtained from the amniotic fluid and fetal blood samples (Ma et al., 2003). 

It can be concluded that the diagnosis of congenital toxoplasmosis from fetal blood samples 
should be based on the results of both bioassay and molecular detection. 

2.2.4. Aqueous humor 

Prior to the introduction of molecular methods, the laboratory diagnosis of ocular 
toxoplasmosis has been based primarily on a comparison of the level of antibodies detected 
in the humor aqueous and serum in order to detect intraocular synthesis of specific 
antibodies (Witmer-Goldman's coefficient). Lately, molecular methods are becoming a 
standard diagnostic approach in the diagnosis of ocular toxoplasmosis as well. A number of 
studies has already shown that a positive PCR result is not always accompanied by positive 
serology indicating local synthesis of IgG antibodies (Villard et al., 2003; Talabani et al., 
2009) and thus can be the only confirmation of the diagnosis (Okhravi et al., 2005). 

We have so far studied 10 humor aqueous samples from patients clinically suspected of 
ocular toxoplasmosis of which 60% (6/10) were real-Time PCR positive. A similar result was 
obtained in a French study when 55% (22/40) of humor aqueous samples were positive by 
real-Time PCR using AF146527 as a marker (Talabani et al., 2009). Also, the detection of the 
same AF146527 marker by real-Time PCR in another French study, revealed somewhat 
lower rate of positive samples, 38.2% (13/34) (Fekkar et al., 2008). It is interesting that in the 
latter study the sample volume of 10 μL used for DNA extraction was unusually small, 
which certainly could affect the success of PCR reactions. However, in another study 
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performed in Strasbourg, the amplification of 18S rRNA and B1 gene by conventional PCR 
resulted in the 28% (5/18) of the humor aqueous samples positive for the presence of T. 
gondii DNA (Villard et al., 2003). 

2.2.5. Cerebrospinal fluid 

Cerebral toxoplasmosis usually affects immunosuppressed patients and is mostly the result 
of reactivation of chronic infection which may be fatal if left untreated. Definitive diagnosis 
of toxoplasmosis can be made by the detection of tachyzoites in brain tissue samples 
obtained by biopsy, but this method, because of its invasiveness, is seldom applied, and 
certainly not since the PCR, giving consistent and quick result, has been introduced in the 
diagnostics (Vidal et al., 2004). A study of cerebral toxoplasmosis in HIV-infected patients 
infected in Brazil, showed that 27.4% (14/51) of cerebrospinal fluid samples were positive for 
T. gondii DNA (Mesquita et al., 2010). Noteworthy, DNA extraction was performed using 
phenol-chloroform method, in which the phenolic residues can often inhibit the PCR 
reaction. In our limited experience, of the 7 cerebrospinal fluid samples obtained from 
patients with different neurological conditions (including one case of congenital 
hydrocephalus) examined by real-time PCR, 4 (57%) were positive. 

2.3. Comment 

In summary, all above-mentioned results confirm the value of the use of molecular methods, 
due to their high sensitivity and specificity, in the diagnosis of toxoplasmosis. Coupled with 
conventional parasitological diagnostic methods, PCR-based methods allow for the timely 
diagnosis especially of congenital toxoplasmosis and of reactivated toxoplasmosis in 
immunosuppressed patients. Further advances of the technology itself along with its wide, 
(universal) use may be expected to markedly improve diagnostics and monitoring of the 
course of infection as well as of the therapeutic effect.  

3. Genotyping 

In the early days of strain designation, isolates of T. gondii have been grouped according to 
virulence in outbred mice. First phylogenetic studies of T. gondii strains indicated that their 
genetic complexity was much smaller than expected (Darde et al., 1992; Sibley & Boothroyd, 
1992). Howe and Sibley’s T. gondii population structure study (1995) performed on 106 
isolates collected from both humans and animals from North America and Europe, showed 
the presence of three clonal types (type I, II and III) and very small differences between 
clonal lineages which is why it was concluded that T. gondii has a clonal population 
structure. Comparative sequence analysis of individual genes indicated extremely low 
allelic diversity within the clonal lines, and only 1% divergence at the DNA level. In 
addition, limited genetic diversity between and within clonal lines indicated that they have 
quite recently evolved from a common ancestor, 10,000 years ago at the most (Su et al., 
2003). 
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infection was not diagnosed by other methods (Hohlfeld et al., 1994). Also, in a similar 
study in Austria, outcome of prenatally diagnosed children was followed-up during the first 
year of life to assess the validity of PCR results from the amniotic fluid. Of the 49 amniotic 
fluid samples analyzed, congenital infection was confirmed postnatally by serological 
monitoring in all 11 (22.4%) PCR-positive ones, whereas none of the 38 children in whom 
PCR of the amniotic fluid was negative was shown to be infected (Gratzl et al., 1998). 

2.2.3. Cord blood 

Cord blood is not considered the ideal sample for prenatal diagnosis of congenital 
toxoplasmosis. For example, the results of a survey carried out in France did not show any 
positive PCR result among 19 tested cord blood samples from children with proven 
congenital toxoplasmosis (Filisetti et al., 2003). Nevertheless, cord blood samples that are 
occasionally provided to our laboratory, have shown a rate of positivity in real-time PCR of 
33%.  All cord blood samples in our study were inoculated into mice and the rate of 
positivity of bioassay was 55.5%. A higher rate of isolation of viable parasites by bioassay 
compared to the detection of parasitic DNA by real-time PCR may be explained by a larger 
sample volume used for mouse inoculation in comparison to the amount used for DNA 
extraction, as well as by probable presence of PCR inhibitors. In one study performed on a 
representative sample of pregnant women in China a similar rate of real-time PCR positive 
results was obtained from the amniotic fluid and fetal blood samples (Ma et al., 2003). 

It can be concluded that the diagnosis of congenital toxoplasmosis from fetal blood samples 
should be based on the results of both bioassay and molecular detection. 

2.2.4. Aqueous humor 

Prior to the introduction of molecular methods, the laboratory diagnosis of ocular 
toxoplasmosis has been based primarily on a comparison of the level of antibodies detected 
in the humor aqueous and serum in order to detect intraocular synthesis of specific 
antibodies (Witmer-Goldman's coefficient). Lately, molecular methods are becoming a 
standard diagnostic approach in the diagnosis of ocular toxoplasmosis as well. A number of 
studies has already shown that a positive PCR result is not always accompanied by positive 
serology indicating local synthesis of IgG antibodies (Villard et al., 2003; Talabani et al., 
2009) and thus can be the only confirmation of the diagnosis (Okhravi et al., 2005). 

We have so far studied 10 humor aqueous samples from patients clinically suspected of 
ocular toxoplasmosis of which 60% (6/10) were real-Time PCR positive. A similar result was 
obtained in a French study when 55% (22/40) of humor aqueous samples were positive by 
real-Time PCR using AF146527 as a marker (Talabani et al., 2009). Also, the detection of the 
same AF146527 marker by real-Time PCR in another French study, revealed somewhat 
lower rate of positive samples, 38.2% (13/34) (Fekkar et al., 2008). It is interesting that in the 
latter study the sample volume of 10 μL used for DNA extraction was unusually small, 
which certainly could affect the success of PCR reactions. However, in another study 
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performed in Strasbourg, the amplification of 18S rRNA and B1 gene by conventional PCR 
resulted in the 28% (5/18) of the humor aqueous samples positive for the presence of T. 
gondii DNA (Villard et al., 2003). 

2.2.5. Cerebrospinal fluid 

Cerebral toxoplasmosis usually affects immunosuppressed patients and is mostly the result 
of reactivation of chronic infection which may be fatal if left untreated. Definitive diagnosis 
of toxoplasmosis can be made by the detection of tachyzoites in brain tissue samples 
obtained by biopsy, but this method, because of its invasiveness, is seldom applied, and 
certainly not since the PCR, giving consistent and quick result, has been introduced in the 
diagnostics (Vidal et al., 2004). A study of cerebral toxoplasmosis in HIV-infected patients 
infected in Brazil, showed that 27.4% (14/51) of cerebrospinal fluid samples were positive for 
T. gondii DNA (Mesquita et al., 2010). Noteworthy, DNA extraction was performed using 
phenol-chloroform method, in which the phenolic residues can often inhibit the PCR 
reaction. In our limited experience, of the 7 cerebrospinal fluid samples obtained from 
patients with different neurological conditions (including one case of congenital 
hydrocephalus) examined by real-time PCR, 4 (57%) were positive. 

2.3. Comment 

In summary, all above-mentioned results confirm the value of the use of molecular methods, 
due to their high sensitivity and specificity, in the diagnosis of toxoplasmosis. Coupled with 
conventional parasitological diagnostic methods, PCR-based methods allow for the timely 
diagnosis especially of congenital toxoplasmosis and of reactivated toxoplasmosis in 
immunosuppressed patients. Further advances of the technology itself along with its wide, 
(universal) use may be expected to markedly improve diagnostics and monitoring of the 
course of infection as well as of the therapeutic effect.  

3. Genotyping 

In the early days of strain designation, isolates of T. gondii have been grouped according to 
virulence in outbred mice. First phylogenetic studies of T. gondii strains indicated that their 
genetic complexity was much smaller than expected (Darde et al., 1992; Sibley & Boothroyd, 
1992). Howe and Sibley’s T. gondii population structure study (1995) performed on 106 
isolates collected from both humans and animals from North America and Europe, showed 
the presence of three clonal types (type I, II and III) and very small differences between 
clonal lineages which is why it was concluded that T. gondii has a clonal population 
structure. Comparative sequence analysis of individual genes indicated extremely low 
allelic diversity within the clonal lines, and only 1% divergence at the DNA level. In 
addition, limited genetic diversity between and within clonal lines indicated that they have 
quite recently evolved from a common ancestor, 10,000 years ago at the most (Su et al., 
2003). 
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Nevertheless, most recent phylogenetic studies indicate that the population structure of T. 
gondii is much more complex than initially considered. While it has been undeniably 
established that type II is predominant in Europe and North America (Darde et al., 1992; 
Howe & Sibley, 1995; Howe et al., 1997), there are significant regional differences. Thus, 
research in Portugal and Spain showed the presence of types I and III in this area (Fuentes et 
al., 2001; de Sousa et al., 2006), while genotyping of isolates from Crete and Cyprus showed 
the predominance of type III (Messaritakis et al., 2008); however it must be noted that these 
studies have been conducted using only one marker (SAG2 or GRA6). Also, phylogenetic 
analyses of T. gondii isolates, which have only recently begun in South America, Asia and 
Africa, have shown considerable genetic diversity of this parasite strains. 

A realistic picture of the distribution of genotypes in Europe is also difficult to obtain 
because research on T. gondii is not performed to the same extent and using the same 
methods in all geographical areas. So far, the largest number of isolates has been genotyped 
in France, mainly thanks to the mandatory program of testing of pregnant women for 
toxoplasmosis in this country, which allows for the availability of research material. One 
French study has shown that of the 86 isolates from cases of suspected and confirmed 
congenital toxoplasmosis 85% were of type II (Ajzenberg et al., 2002). A predominance of 
the same type was indicated in Poland, where genotyping was also performed in samples 
originating from clinical cases of congenital toxoplasmosis (Nowakowska et al., 2006). In 
South-East Europe the first strain genotyped was isolated from a case of congenital 
toxoplasmosis in Serbia, and was also designated as type II (Djurković-Djaković et al., 2006). 

Further work on the genotyping of T. gondii strains in Serbia showed another two type II 
isolates, originating from a case of congenital toxoplasmosis and a case of toxoplasmosis in 
pregnancy, respectively. However, another isolate from a peripheral blood sample of a 
neonate with suspected congenital toxoplasmosis had been typed to the clonal type I. 
Isolation of this genotype from cases of congenital toxoplasmosis has been described, but at 
a significantly lower rate than type II (Howe & Sibley, 1995), as results of research 
conducted in France have shown, where out of 86 genotyped isolates only 4 belonged to 
type I (Ajzenberg et al., 2002).  
 

Sample 
number Sample type Clinical entity Genotype 

1 blood toxoplasmosis in pregnancy II 
2 amniotic fluid congenital toxoplasmosis II 
3 blood congenital toxoplasmosis I 

4* blood 
bone marrow 

transplantation 
II 

5* bronchoalveolar lavage 
fluid 

bone marrow 
transplantation 

II 

*samples 4 and 5 are from the same patient 

Table 3. Genotypes of human T. gondii isolates from clinical samples in Serbia  
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We have also genotyped isolates from both a blood and BAL sample from an 
immunosuppressed patient after bone marrow transplantation, which were found to belong 
to type II. In another study, genotyping of strains isolated from immunosuppressed 
patients, HIV infected or patients who had undergone organ transplantation, has shown 
predominance of type II in patients who were infected in Europe (Ajzenberg et al., 2009). On 
the other hand, isolates that do not belong to this type usually come from people who are 
infected with T. gondii out of Europe. In this group of patients type III was the second in 
abundance whereas type I was rare (Ajzenberg et al., 2009). In other studies carried out in 
immunosuppressed patients (patients with AIDS, lymphoma or patients with transplants), 
which mainly came from France, it was shown that type II isolates were also predominant, 
while types I and III were isolated rarely (Howe et al., 1997; Honore et al., 2000). 

Furthermore, results of a study performed in the USA, based on genotyping of strains 
isolated from cerebrospinal fluid originating from eight HIV-positive patients showed that 
most of them were infected with type I strain or strains that have type I alleles (Khan et al., 
2005). Although the possible association between clinical entities induced by T. gondii with 
specific T. gondii genotypes is yet unclear, it is likely that the resistance or susceptibility to a 
particular type, especially in immunosuppressed patients, is primarily dependent on 
individual factors (Ajzenberg et al., 2009). The greatest limitation in genotyping of isolates 
from clinical samples is the small number of parasites in original material; hence the amount 
of extracted T. gondii DNA is often also small. This problem can be partially eliminated by 
enriching the sample by bioassay or cell culture, but even the most sensitive molecular 
methods, such as a multiplex nested PCR, have a threshold of 50 and 25 parasites/mL, 
respectively (Khan et al., 2005; Nowakowska et al., 2006). The PCR-RFLP protocol by which 
genotyping was performed in our study has a sensitivity of approximately 170 parasites/mL, 
which is probably the major reason for the small number of successful genotypizations.   

Numerous studies of the T. gondii population structure were based on genotyping using a 
single marker, mostly SAG2 (Howe et al., 1997; Fuentes et al., 2001; Sabaj et al., 2010) and 
particularly, due to its polymorphisms and sensitivity, GRA6 (Fazaeli et al., 2000; 
Messaritakis et al., 2008). However, genotyping with a single marker does not allow 
identification of nonclonal strains, and to determine more precisely the presence of 
polymorphisms in the population, application of multilocus PCR-RFLP and microsatellite 
analysis of multiple markers is necessary (Ajzenberg et al., 2005; Su et al., 2006). Although in 
our experience the GRA6 gene was, due to a small amount of T. gondii DNA, the only 
amplified marker in a blood sample of a neonate suspected of congenital toxoplasmosis 
(Table 3), that clearly indicated the presence of type I, in our laboratory genotyping is 
regularly performed using SAG1, SAG2, GRA6 and GRA7 as markers (Miller et al., 2004; 
Dubey et al., 2007; Prestrud et al., 2008; Richomme et al., 2009; Aubert et al., 2010).  

But even the use of multiple markers does not always provide satisfactory results, mainly 
due to insufficient amounts of extracted parasite DNA. Therefore, there are cases when 
amplification of all markers in each sample is not successful, as it can be observed in studies 
performed in the United States and Poland, where PCR-RFLP analysis was carried out also 
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Nevertheless, most recent phylogenetic studies indicate that the population structure of T. 
gondii is much more complex than initially considered. While it has been undeniably 
established that type II is predominant in Europe and North America (Darde et al., 1992; 
Howe & Sibley, 1995; Howe et al., 1997), there are significant regional differences. Thus, 
research in Portugal and Spain showed the presence of types I and III in this area (Fuentes et 
al., 2001; de Sousa et al., 2006), while genotyping of isolates from Crete and Cyprus showed 
the predominance of type III (Messaritakis et al., 2008); however it must be noted that these 
studies have been conducted using only one marker (SAG2 or GRA6). Also, phylogenetic 
analyses of T. gondii isolates, which have only recently begun in South America, Asia and 
Africa, have shown considerable genetic diversity of this parasite strains. 

A realistic picture of the distribution of genotypes in Europe is also difficult to obtain 
because research on T. gondii is not performed to the same extent and using the same 
methods in all geographical areas. So far, the largest number of isolates has been genotyped 
in France, mainly thanks to the mandatory program of testing of pregnant women for 
toxoplasmosis in this country, which allows for the availability of research material. One 
French study has shown that of the 86 isolates from cases of suspected and confirmed 
congenital toxoplasmosis 85% were of type II (Ajzenberg et al., 2002). A predominance of 
the same type was indicated in Poland, where genotyping was also performed in samples 
originating from clinical cases of congenital toxoplasmosis (Nowakowska et al., 2006). In 
South-East Europe the first strain genotyped was isolated from a case of congenital 
toxoplasmosis in Serbia, and was also designated as type II (Djurković-Djaković et al., 2006). 

Further work on the genotyping of T. gondii strains in Serbia showed another two type II 
isolates, originating from a case of congenital toxoplasmosis and a case of toxoplasmosis in 
pregnancy, respectively. However, another isolate from a peripheral blood sample of a 
neonate with suspected congenital toxoplasmosis had been typed to the clonal type I. 
Isolation of this genotype from cases of congenital toxoplasmosis has been described, but at 
a significantly lower rate than type II (Howe & Sibley, 1995), as results of research 
conducted in France have shown, where out of 86 genotyped isolates only 4 belonged to 
type I (Ajzenberg et al., 2002).  
 

Sample 
number Sample type Clinical entity Genotype 

1 blood toxoplasmosis in pregnancy II 
2 amniotic fluid congenital toxoplasmosis II 
3 blood congenital toxoplasmosis I 

4* blood 
bone marrow 

transplantation 
II 

5* bronchoalveolar lavage 
fluid 

bone marrow 
transplantation 

II 

*samples 4 and 5 are from the same patient 

Table 3. Genotypes of human T. gondii isolates from clinical samples in Serbia  
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We have also genotyped isolates from both a blood and BAL sample from an 
immunosuppressed patient after bone marrow transplantation, which were found to belong 
to type II. In another study, genotyping of strains isolated from immunosuppressed 
patients, HIV infected or patients who had undergone organ transplantation, has shown 
predominance of type II in patients who were infected in Europe (Ajzenberg et al., 2009). On 
the other hand, isolates that do not belong to this type usually come from people who are 
infected with T. gondii out of Europe. In this group of patients type III was the second in 
abundance whereas type I was rare (Ajzenberg et al., 2009). In other studies carried out in 
immunosuppressed patients (patients with AIDS, lymphoma or patients with transplants), 
which mainly came from France, it was shown that type II isolates were also predominant, 
while types I and III were isolated rarely (Howe et al., 1997; Honore et al., 2000). 

Furthermore, results of a study performed in the USA, based on genotyping of strains 
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performed in the United States and Poland, where PCR-RFLP analysis was carried out also 
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using four genetic markers SAG2, SAG3, BTUB and GRA6 (Khan et al., 2005; Nowakowska 
et al., 2006). Using these genetic markers, it was possible to discriminate types I, II and III, 
but also strains that have a genotype with two allele types at the same locus. Such was the 
case with one sample in our study which, after the digestion of the product of the amplified 
GRA7 gene, turned out to possess alleles of both types I and II (Fig. 1, Mbo II and Eco RI). 

Although PCR-RFLP has a limited ability to distinguish between closely related isolates 
within a clonal line as compared to microsatellite analysis, analysis of up to 9 or 10 genetic 
markers by this method has been successfully performed in world-class laboratories (Su et al., 
2006; Dubey & Su, 2009). On the other hand, the microsatellite analysis is presumed to be more 
informative to distinguish recent mutations in closely related isolates of the same line, while 
the RFLP markers are better for detection of time period when the separation of distinct strains 
in different clonal group has occurred (Su et al., 2006). Multilocus PCR-RFLP genotyping is 
still the first method of choice in clinical research, mainly for its simplicity and favorable 
reagent prices, but the best approach for successful genotyping is the use of both methods. 

 
Figure 1. Genotyping pattern summary (markers and restriction enzymes used in genotyping protocol) 
– illustrative example 
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Along with the phylogenetic study of T. gondii, there is ongoing research aimed at 
explaining the possible link between the different genotypes and clinical forms of the 
disease. In spite of the results indicating lack of connection, or a much more complex one 
than some studies show, there are reported findings on population structure of T. gondii that 
are likely to have important clinical implications. Although it is generally accepted that type 
II is predominant in cases of congenital toxoplasmosis, at least in Europe and North 
America (Howe & Sibley, 1995; Howe et al., 1997; Ajzenberg et al., 2002; Darde et al., 2007), 
type I strains may also be associated with some severe forms of the disease (Howe et al., 
1997; Fuentes et al., 2001). Furthermore, strains of atypical genotypes were isolated from 
immunocompetent patients with severe acquired toxoplasmosis in French Guiana (Carme et 
al., 2002; Demar et al., 2011), whereas type I and some recombinant strains were isolated 
from immunocompetent individuals suffering from severe or atypical ocular toxoplasmosis 
in United States (Grigg et al., 2001). 

Even the generally accepted concept of major clinical importance that immunized mothers 
are resistant to reinfection thereby preventing infection of the offspring, have been recently 
challenged by insight into the strain variation at the genotype level. Six cases of reinfection 
among chronically infected pregnant women resulting in a vertical transmission and 
congenital infection either with a distinct typical or atypical strain have already been 
reported (Lindsay & Dubey, 2011). 

Despite this significant new knowledge, the clinical relevance of the infecting genotypes is 
an issue that will continue to intrigue researchers in the coming years. Insight into the global 
population structure of T. gondii and its clinical implications, complicated by the growing 
rate of human migrations among continents, will require wide research efforts based on 
more standardized protocols, and should include not only clinically manifest cases, but also 
individuals with asymptomatic infection.  

4. Conclusion 

The introduction of highly sensitive molecular methods into the diagnosis of toxoplasmosis 
is of great importance and this paper emphasizes its practical importance and potential as a 
part of the standard laboratory protocols. Nevertheless, it can be concluded that, at the 
moment, the best diagnostic approach is a combination of both conventional and molecular 
methods. 

We also present the very first and original phylogenetic data on the T. gondii population 
structure in Serbia. It is shown that in this area, as much as in the rest of the Europe, a clonal 
population structure is characterized by the predominance of genotype II and much less of 
genotype I. However, given the fact that the whole region of the Balkan Peninsula is an area of 
contact with Asia and Africa, where the T. gondii population structure is rather different, one 
may expect a larger diversity, including the presence of clonal type III or even atypical strains, 
particularly in wild animals. 
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1. Introduction 

Toxoplasma gondii is a successful protozoan parasite of domestic animals, wildlife, and 
humans [1]. Despite this parasite is capable of causing disease and even killing its host, 
majority of infections are subclinical or asymptomatic. These latent, chronic infections are 
beneficial for the parasite: while the host is unaware of even ever acquiring the infection, the 
parasite stays dormant in the tissues of the host waiting for the host to be eaten by another 
host.  

The latent T. gondii infections can be detected by measuring the antibody responses raised 
by the host against the parasite [1]. For most host species, the seroprevalence numbers are 
clearly higher than incidence of clinical and fatal cases. One exception is the European 
brown hare (Lepus europaeus), a host species that appears very susceptible to the infection [2]. 
It is worth emphasizing that if the infection proves fatal, it is not good for the parasite, 
either. 

For this parasite, any nucleated cell of a warm-blooded animal will do, and the intestines of 
Felids are the place for sexual reproduction [1]. Humans are usually nothing but a dead-
end host for T. gondii. Animal hosts clearly outnumber human hosts living on this planet 
and are more important for the spread and surviving of the parasite – Felids are shedding 
the oocyst reservoir, migrating animals are introducing the parasite to new areas, and prey 
animals are harboring the parasite in their tissues ready to infect the predators and scaven-
gers. Investigating the infections in animal hosts can provide relevant clues needed for 
better understanding the parasite and its epidemiology, which has implications for public 
health also. The larger animal host population provides more options for epidemiologic 
studies. 
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1. Introduction 

Toxoplasma gondii is a successful protozoan parasite of domestic animals, wildlife, and 
humans [1]. Despite this parasite is capable of causing disease and even killing its host, 
majority of infections are subclinical or asymptomatic. These latent, chronic infections are 
beneficial for the parasite: while the host is unaware of even ever acquiring the infection, the 
parasite stays dormant in the tissues of the host waiting for the host to be eaten by another 
host.  

The latent T. gondii infections can be detected by measuring the antibody responses raised 
by the host against the parasite [1]. For most host species, the seroprevalence numbers are 
clearly higher than incidence of clinical and fatal cases. One exception is the European 
brown hare (Lepus europaeus), a host species that appears very susceptible to the infection [2]. 
It is worth emphasizing that if the infection proves fatal, it is not good for the parasite, 
either. 

For this parasite, any nucleated cell of a warm-blooded animal will do, and the intestines of 
Felids are the place for sexual reproduction [1]. Humans are usually nothing but a dead-
end host for T. gondii. Animal hosts clearly outnumber human hosts living on this planet 
and are more important for the spread and surviving of the parasite – Felids are shedding 
the oocyst reservoir, migrating animals are introducing the parasite to new areas, and prey 
animals are harboring the parasite in their tissues ready to infect the predators and scaven-
gers. Investigating the infections in animal hosts can provide relevant clues needed for 
better understanding the parasite and its epidemiology, which has implications for public 
health also. The larger animal host population provides more options for epidemiologic 
studies. 
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Currently, one of the major issues in human toxoplasmosis research is evaluating the effect of 
some characteristics of the parasite, such as its genotype, on the outcome of the infection. Little 
is known of this effect in many animal hosts. Applying currently available methods to 
genetically characterize the parasite strains that cause clinical, and at worst fatal, toxoplasmosis 
in different host species can provide valuable new information to further understand the 
interactions of T. gondii and its various hosts: humans, domestic animals and wildlife. 

In addition, free-ranging animal hosts and pet animals sharing the urban environment with 
humans can be regarded as sentinels for the T. gondii strains present in a specific area – the 
ones humans may encounter there as well. Characterization of both the T. gondii strains that 
are waiting to be eaten in the tissues of animals raised for human consumption and especially 
the possibly more virulent strains that had killed their animal hosts following natural 
infection in an area may thus provide important information for human health care 
professionals and public health decision making. Monitoring the situation assists in rapid 
detection of emergence of strains new to an area and changes in infection pressure. Molecular 
methods also allow tracing the infection sources and following the spread of an outbreak. 

Majority of the T. gondii strains isolated from humans and animal hosts from Europe belong 
to genotype II, which typically only causes chronic infections if inoculated into mice 
(nonvirulent in mice) [9]. This is in sharp contrast to what appears to be the case in other 
areas, especially South America, where high level of genetic diversity is seen in T. gondii [9]. 
Fatal toxoplasmosis has been reported sporadically among individuals of both domestic and 
wild animal species examined postmortem [1,9], but published genotyping results of the 
parasites causing the severe, fatal infections are scarce. Data on the genotypes causing the 
fatal infections is particularly interesting from an area where the predominant genotype is 
considered to be of low virulence, such as Europe where type II is endemic. 

This chapter describes recently published results from genetic characterization of T. gondii 
strains that proved fatal to their animal hosts following naturally acquired infection in Eu-
rope, and discusses the lessons learnt from them.  

2. Summary of recent results 

The special interest or our group has been genotyping the T. gondii strains causing fatal 
infections in various host species, thus far in Finland [2-4]. Recently, our group has 
retrospectively searched the records of European brown hares (Lepus europaeus), mountain 
hares (Lepus timidus) [2], and Eurasian red squirrels (Sciurus vulgaris) [3] examined 
postmortem in 2006-2009 at the only wildlife pathology laboratory in Finland, Evira, for 
cases of fatal toxoplasmosis. In addition, diagnosed cases of fatal toxoplasmosis in pet cats 
(Felis catus) that were necropsied at the University of Helsinki, Finland, in 2008-2010 have 
been thoroughly investigated [4]. The cases were confirmed with immunohistochemical 
staining of sections of formalin-fixed, paraffin-embedded tissue samples; the automated 
IHC staining protocol is described in [2]. In these studies of ours, naturally acquired 
toxoplasmosis was the confirmed cause of death of 14 (8.1%) of 173 European brown hares, 
4 (2.7%) of 148 mountain hares [2], 3 (15.8%) of 19 Eurasian red squirrels [3], and 6 (3.1%) of 
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193 cats [4]. It is, indeed, not a particularly rare cause of death in these host species. 
However, it is important to bear in mind that this is not a good measure of disease incidence 
because these numbers are strongly affected by the material submitted for examination. The 
material available for investigations like these studies cannot be regarded as truly 
representative of the host animal populations of the area. This is especially the case in wild 
animals submitted for post-examination: only the dead animals found by active citizens 
before scavengers reach the wildlife pathology laboratory. The animals that had died near 
human settlements are very likely overrepresented.  

For the genotyping of the T. gondii strains, we have extracted DNA from various tissue 
samples of the animals that had died from the infection: both formalin-fixed paraffin 
embedded samples, and fresh or frozen samples if available. Although most tissues have 
been rich in parasites in these cases, liver has become our tissue of choice. We use direct 
genetic characterization of the parasites in the tissues, without a bioassay step that could 
have a selective effect especially in case of mixed infections with several strains. Thus far 
two strains have been successfully isolated directly into cell cultures and cryopreserved, and 
from those, the genotyping analysis has been repeated from cell culture harvested parasites. 
The genotyping method we use is a multilocus method based on length polymorphism of 
seven microsatellite markers [2, 5, 6]. Six of the markers (B18, TUB2, TgM-A, W35, B17, and 
M33) are used for genotyping, and one additional marker (M48) for further characterization 
[5, 6].  

As shown in Table 1, the genotyping results of theT. gondii strains causing the death of the 
animal hosts have been consistent with type II in all the 27 fatal cases examined from 
Finland thus far. Very similar results have been reported from other areas in Europe: 

In Switzerland, a cat died from toxoplasmosis and the causative strain was genotyped using 
polymerase chain reaction-restriction fragment length polymorphism method with nine 
genetic markers (SAG2, SAG3, BTUB, GRA6, c22-8, c29-2, L358, PK1, and Apico) [7]. The 
analysis revealed type II alleles at all loci except one, Apico, which displayed a type I allele. 
This result is identical to the results one would obtain with this method from, for example, 
the reference strain PRU [1]. This commonly used genotype II reference strain was originally 
isolated from human fetal tissues in France and gives results that are fully consistent with 
genotype II with the method our group uses. 

T. gondii parasites that had killed four arctic foxes (Vulpes lagopus) in the remote arctic 
archipelago Svalbard – this is very interesting from the geographical point of view - were 
genotyped at ten loci (SAG1 and the nine markers used in [7]) also using the polymerase 
chain reaction-restriction fragment length polymorphism method [8]. Three of the samples 
from the fatal cases had type I allele at Apico, whereas one had type II allele at all markers, 
and all four were interpreted as type II.  

The strain that killed the cat in Switzerland was isolated by inoculation in mice and later 
maintained in cell cultures, but the genotyping was also performed directly from frozen 
tissues of the cat [7]. The genotyping of the strains that caused the deaths of the arctic foxes 
was done directly from the brain tissue of the foxes [8].  
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Species 
Country of 

origin 
Number of 

cases 
Genotyping method 

used 
Reference 

 
Arctic fox 
(Vulpes lagopus) 
 

 
Norway 

 
4 

 
PCR-RFLP 

 
[8] 

Cat 
(Felis catus) 
 

Finland 
Switzerland 

6 
1 

MS 
PCR-RFLP 

[4] 
[7] 

Eurasian red squirrel
(Sciurus vulgaris) 
 

Finland 3 MS [3] 

European brown 
hare 
(Lepus europaeus) 
 

Finland 14 MS [2] 

Mountain hare 
(Lepus timidus) 
 

Finland 4 MS [2] 

 
Table 1. Recent genotyping results of cases of fatal toxoplasmosis in different animal host species in 
Europe.  

Taken together, T. gondii parasites belonging to the endemic genotype II that are typically 
nonvirulent in mice caused these altogether 32 fatal infections in altogether five different 
animal host species (Table 1). Genotype II was the only genotype detected from these fatal 
cases. Surprisingly, none of these animals had appeared to have any clear immunodeficien-
cy or other predisposing factor. By contrast, the hares that had died from toxoplasmosis 
were actually heavier, in better bodily condition, than the hares that had died of other caus-
es [2]. Interestingly, some host species, such as the European brown hares [2] and possibly 
also Eurasian red squirrels [3], appear extremely susceptible to the acquired T. gondii infec-
tion. They have relatively high proportional mortality rates from toxoplasmosis: the propor-
tion of animals examined post-mortem that had died from toxoplasmosis is substantial.  

3. Conclusions 

Two conclusions and one question arise from these results summarized above: 

1. These infections were naturally acquired, which supports the endemic status and dom-
inance of T. gondii genotype II in Europe. These results also show its spread north, and 
that the parasite appears unstopped by the harsh winters and remote locations. Not on-
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ly animals, but undoubtedly also humans can encounter T. gondii even in the northern-
most parts of Europe. 

2. These results further affirm that no especially virulent T. gondii strain is required for 
the infection to kill a host. Moreover, these were naturally acquired infections, imply-
ing the infection doses have been within limits of what may be encountered in the na-
ture and the infection routes probably the ones these hosts should be most adapted to.  

The question remaining unanswered is the prevalence, role, and importance of T. gondii 
strains belonging to other genotypesthan type II in Europe. More investigations in this field 
are ongoing, and needed. Strains belonging to other genotypes, possibly more virulent ones, 
could be found by characterizing more strains that cause severe or fatal infections. 
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1. Introduction 

Ocular toxoplasmosis (OT) is a major cause of posterior uveitis worldwide but its incidence 
and prevalence are difficult to establish precisely. In 1993, a survey in a French Hospital 
Service of Ophthalmology showed that OT was seen in less than 1 per thousand outpatients 
[1]. In a study performed in Germany, toxoplasmosis accounted for 4.2 % of all cases of 
uveitis at a referral centre [2]. Around 5000 people develop symptomatic OT each year in the 
United States [3]. OT is a complication of both acute acquired and reactivated congenital in 
immunocompetent but particularly in immunocompromissed individuals and its severity 
can be influenced by variation in parasite isolates, parasitic load, route of infection and host-
related factors such as immune function, age and pregnancy. Diagnosis is usually based on 
ophthalmological examination and is confirmed by the response to specific treatment, but 
also by biological assays including local antibody production, PCR and western blot. All 
these points will be detailed below. 

2. A complication of acquired and congenital infections   

Classically, retinochoroiditis secondary to acquired toxoplasmosis was considered an 
exceptional event in immunocompetent individuals, and was usually defined as a periodic 
reactivation of latent cysts associated with undiagnosed congenital infections. But recent 
data, based on ophthalmological examination, seem to establish that acquired infection 
might be responsible for most cases. This fact was particularly demonstrated by outbreaks 
reported in Canada, Brazil and India. In Canada, amongst 100 individuals infected during a 
water-borne outbreak, 19 had OT [4]. In southern Brazil 17.7% of 1,042 individuals 
examined had OT with lesions in 0.9% of 1- to 8-year-olds and in 21.3% of all individuals 
older than 13, suggesting that in this population, the disease was a sequel of postnatal rather 
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might be responsible for most cases. This fact was particularly demonstrated by outbreaks 
reported in Canada, Brazil and India. In Canada, amongst 100 individuals infected during a 
water-borne outbreak, 19 had OT [4]. In southern Brazil 17.7% of 1,042 individuals 
examined had OT with lesions in 0.9% of 1- to 8-year-olds and in 21.3% of all individuals 
older than 13, suggesting that in this population, the disease was a sequel of postnatal rather 
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than congenital infection [5]. In India, Balasundaram et al. [6] described ocular involvement 
due to toxoplasmosis in 248 patients who had active retinochoroiditis and toxoplasmic 
serology suggesting recently acquired disease. Delair et al. [7] analysed 425 cases of OT, 100 
(23.5%) were acquired, 62 (14.6%) were congenital, and 263 (61.9%) were of unknown origin. 
At the time of the study, the mean age of the patients with congenital OT was 9.1 +/- 8.8 
years, and 21.7 +/- 12.6 years in the patients with the acquired disease (p < 0.001). Bilateral 
OT was only found in 4% of acquired cases and in 43.5% of congenital cases (p < 0.001) and 
in acquired infections, visual acuity was significantly less impaired than in congenital 
infections. In the United Kingdom, 50% of OT in children was acquired after birth and no 
clear clinical distinction could be made between acquired and congenital toxoplasmosis (CT) 
[8]. However, other authors have identified clinical presentations specific to each group. 
Montoya et al. (1996) observed that patients with post-natal acquired toxoplasmic 
retinochoroiditis had mostly unilateral lesions without old scars or involvement of the 
macula [9].  In case of congenital origin, the risk of ocular disease depends on the trimester 
of pregnancy when infection occurred, and on whether or not treatment was administered 
to the mother during pregnancy. In one study, a period exceeding 8 weeks between 
maternal infection and the beginning of treatment, female gender, and especially cerebral 
calcifications were risk factors for retinochoroiditis [10]. No significant association was 
found in other cohort studies between gestational age at maternal infection, prenatal 
treatment and the risk of developing OT [11, 12]. 

3. Occurrence depends on host genetic background and immune status 
In mice, the severity of ocular damage is linked to many factors related to either host 
immunity or the parasite, such as inoculum size, infective stage (oocysts versus cysts), route 
of infection and the genotype of the infecting strain. However, these data are not well 
documented in humans. The acquired immune deficiency syndrome (AIDS) epidemic has 
dramatically reminded that effective host immunity was essential to limit the severity of 
ocular lesions. AIDS patients without highly active antiretroviral therapy can develop 
extensive and recurring lesions [13]. Similar lesions may also be encountered during the use 
of immunosuppressive drugs [9, 14]. Many studies have focused on elderly patients [15-17]. 
These patients can have large and multiple ocular lesions with severe vitritis and prolonged 
disease, in some instances similar to lesions encountered in immunocompromissed 
individuals, although they are otherwise healthy. Indeed, both cellular and humoral 
immune responses are modified with advancing age and probably contribute to the higher 
severity of OT in older patients [16]. A cross-sectional household study involving 499 
individuals was undertaken in Minas Gerais state of Brazil, where infection with T. gondii is 
endemic. The frequency of OT increased significantly with age as approximately 50% of 
individuals above 60 years of age had lesions and older patients had a higher risk of OT 
following recently acquired infection compared to younger patients [18]. The factors 
responsible for recurrences are unknown, but trauma, hormonal changes and cellular or 
humoral immunosuppression appear to contribute to the release of parasites from tissue 
cysts. Bosch-Driessen et al. reported an increased incidence of recurrences after cataract 
surgery and during pregnancy [19]. The hormonal and immunological changes in pregnant 
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women can cause recurrences and these authors described four women having such 
recurrences in every pregnancy [19]. Garweg et al. [20] reported that recurrence occurred in 
approximately in 4 out of 5 patients and that the risk was higher two years after the first 
episode. Holland et al. [21] confirmed that the risk of recurrence was the highest 
immediately after an episode of active disease and that recurrence had a tendency to occur 
in clusters. Mice with different genetic backgrounds will have different susceptibilities to the 
parasite [22]. In humans, an increased frequency of the HLA-Bw62 antigen was observed in 
patients with severe OT [23]. In mother-child pairs from Europe and North America, ocular 
disease in CT was associated with polymorphisms in ABCA4 encoding the ATP-binding 
cassette transporter and in COL2A1 encoding type II collagen [24]. Evidence will be shown 
below that polymorphism in cytokine genes is also an important factor triggering OT 
occurrence. 

4. Specific parasitic genotypes could be involved  

Currently, it is assumed that the population of T. gondii consists of 3 3 predominant clonal 
lineages, which differ at the DNA sequence level by 1% or less [25] but microsatellite 
analysis has shown the high diversity of that genus [26]. In Europe and the United States, 
type II is the most common cause of systemic Toxoplasma infection [27]. As early as 2001 
Grigg et al. [28] suggested a possible correlation between severe retinal disease and atypical 
genotypes in immunocompetent patients as, in acquired OT, an unusual abundance of type 
I, or recombinant genotypes I/III were found. In Brazil, genetic studies have shown that 
genotypes of T. gondii involved in acquired OT were atypical, belonging to genotypes different 
from genotype II [29]. The differences in the frequency, size and multiplicity of retinochoroidal 
lesions may be explained by more virulent parasite genotypes that predominate in Brazil, but 
are rarely found in Europe. Khan et al. [30] compared 25 clinical and animal isolates of T. 
gondii from Brazil to previously characterised clonal lineages from North America and Europe. 
Genotypes of T. gondii strains isolated from Brazil were highly divergent when compared (by 
multilocus nested PCR analysis combined with sequencing of a polymorphic intron) to the 
previously described clonal lineages found in Europe. These atypical genotypes may also 
explain the high frequency (20% of 97 cases) of ocular involvement in the above mentioned 
Canadian outbreak where an atypical cougar isolate was suspected, and the 100-fold higher 
incidence of OT in patients born in Africa compared to patients born in Britain [31,32]. The 
distribution of genotypes was different in immunocompromised patients who reactivate a 
type II strain (if acquired in Europe), or a non–type II strain (if acquired in Africa or South 
America). However, direct genotyping of strains from aqueous or vitreous fluids of 20 French 
patients showed a predominance of the type II genotype in OT [33] so the possible link of OT 
with some specific genotypes is not yet clear.  

5. Immune privileged status and cytokine responses are key factors in 
toxoplasmic retinochoroiditis 

The pathogenesis of OT is directly linked to the anatomical characteristics of the eye 
resulting in an immune privileged status. The presence of the hemato-retinal barrier and the 
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than congenital infection [5]. In India, Balasundaram et al. [6] described ocular involvement 
due to toxoplasmosis in 248 patients who had active retinochoroiditis and toxoplasmic 
serology suggesting recently acquired disease. Delair et al. [7] analysed 425 cases of OT, 100 
(23.5%) were acquired, 62 (14.6%) were congenital, and 263 (61.9%) were of unknown origin. 
At the time of the study, the mean age of the patients with congenital OT was 9.1 +/- 8.8 
years, and 21.7 +/- 12.6 years in the patients with the acquired disease (p < 0.001). Bilateral 
OT was only found in 4% of acquired cases and in 43.5% of congenital cases (p < 0.001) and 
in acquired infections, visual acuity was significantly less impaired than in congenital 
infections. In the United Kingdom, 50% of OT in children was acquired after birth and no 
clear clinical distinction could be made between acquired and congenital toxoplasmosis (CT) 
[8]. However, other authors have identified clinical presentations specific to each group. 
Montoya et al. (1996) observed that patients with post-natal acquired toxoplasmic 
retinochoroiditis had mostly unilateral lesions without old scars or involvement of the 
macula [9].  In case of congenital origin, the risk of ocular disease depends on the trimester 
of pregnancy when infection occurred, and on whether or not treatment was administered 
to the mother during pregnancy. In one study, a period exceeding 8 weeks between 
maternal infection and the beginning of treatment, female gender, and especially cerebral 
calcifications were risk factors for retinochoroiditis [10]. No significant association was 
found in other cohort studies between gestational age at maternal infection, prenatal 
treatment and the risk of developing OT [11, 12]. 

3. Occurrence depends on host genetic background and immune status 
In mice, the severity of ocular damage is linked to many factors related to either host 
immunity or the parasite, such as inoculum size, infective stage (oocysts versus cysts), route 
of infection and the genotype of the infecting strain. However, these data are not well 
documented in humans. The acquired immune deficiency syndrome (AIDS) epidemic has 
dramatically reminded that effective host immunity was essential to limit the severity of 
ocular lesions. AIDS patients without highly active antiretroviral therapy can develop 
extensive and recurring lesions [13]. Similar lesions may also be encountered during the use 
of immunosuppressive drugs [9, 14]. Many studies have focused on elderly patients [15-17]. 
These patients can have large and multiple ocular lesions with severe vitritis and prolonged 
disease, in some instances similar to lesions encountered in immunocompromissed 
individuals, although they are otherwise healthy. Indeed, both cellular and humoral 
immune responses are modified with advancing age and probably contribute to the higher 
severity of OT in older patients [16]. A cross-sectional household study involving 499 
individuals was undertaken in Minas Gerais state of Brazil, where infection with T. gondii is 
endemic. The frequency of OT increased significantly with age as approximately 50% of 
individuals above 60 years of age had lesions and older patients had a higher risk of OT 
following recently acquired infection compared to younger patients [18]. The factors 
responsible for recurrences are unknown, but trauma, hormonal changes and cellular or 
humoral immunosuppression appear to contribute to the release of parasites from tissue 
cysts. Bosch-Driessen et al. reported an increased incidence of recurrences after cataract 
surgery and during pregnancy [19]. The hormonal and immunological changes in pregnant 
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women can cause recurrences and these authors described four women having such 
recurrences in every pregnancy [19]. Garweg et al. [20] reported that recurrence occurred in 
approximately in 4 out of 5 patients and that the risk was higher two years after the first 
episode. Holland et al. [21] confirmed that the risk of recurrence was the highest 
immediately after an episode of active disease and that recurrence had a tendency to occur 
in clusters. Mice with different genetic backgrounds will have different susceptibilities to the 
parasite [22]. In humans, an increased frequency of the HLA-Bw62 antigen was observed in 
patients with severe OT [23]. In mother-child pairs from Europe and North America, ocular 
disease in CT was associated with polymorphisms in ABCA4 encoding the ATP-binding 
cassette transporter and in COL2A1 encoding type II collagen [24]. Evidence will be shown 
below that polymorphism in cytokine genes is also an important factor triggering OT 
occurrence. 

4. Specific parasitic genotypes could be involved  

Currently, it is assumed that the population of T. gondii consists of 3 3 predominant clonal 
lineages, which differ at the DNA sequence level by 1% or less [25] but microsatellite 
analysis has shown the high diversity of that genus [26]. In Europe and the United States, 
type II is the most common cause of systemic Toxoplasma infection [27]. As early as 2001 
Grigg et al. [28] suggested a possible correlation between severe retinal disease and atypical 
genotypes in immunocompetent patients as, in acquired OT, an unusual abundance of type 
I, or recombinant genotypes I/III were found. In Brazil, genetic studies have shown that 
genotypes of T. gondii involved in acquired OT were atypical, belonging to genotypes different 
from genotype II [29]. The differences in the frequency, size and multiplicity of retinochoroidal 
lesions may be explained by more virulent parasite genotypes that predominate in Brazil, but 
are rarely found in Europe. Khan et al. [30] compared 25 clinical and animal isolates of T. 
gondii from Brazil to previously characterised clonal lineages from North America and Europe. 
Genotypes of T. gondii strains isolated from Brazil were highly divergent when compared (by 
multilocus nested PCR analysis combined with sequencing of a polymorphic intron) to the 
previously described clonal lineages found in Europe. These atypical genotypes may also 
explain the high frequency (20% of 97 cases) of ocular involvement in the above mentioned 
Canadian outbreak where an atypical cougar isolate was suspected, and the 100-fold higher 
incidence of OT in patients born in Africa compared to patients born in Britain [31,32]. The 
distribution of genotypes was different in immunocompromised patients who reactivate a 
type II strain (if acquired in Europe), or a non–type II strain (if acquired in Africa or South 
America). However, direct genotyping of strains from aqueous or vitreous fluids of 20 French 
patients showed a predominance of the type II genotype in OT [33] so the possible link of OT 
with some specific genotypes is not yet clear.  

5. Immune privileged status and cytokine responses are key factors in 
toxoplasmic retinochoroiditis 

The pathogenesis of OT is directly linked to the anatomical characteristics of the eye 
resulting in an immune privileged status. The presence of the hemato-retinal barrier and the 
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absence of lymphatic vessels limits the passage of inflammatory cells and lymphocytes and 
of antibodies and complement components [34]. In addition, the ocular characteristics of the 
distribution and the functions of antigen presenting cells are also of importance. For 
example, corneal epithelium is deprived of Langerhans cells and the dendritic cells of the 
ciliary epithelium are not activated by GM-CSF and do not stimulate T lymphocytes [35, 36]. 
There is a low expression of classical MHC class IA molecules which reduce the lytic activity 
of CD8+ lymphocytes usually stimulated by the MHC I molecules.  MHC II molecules are 
not expressed in the eye, which limits CD4+ lymphocyte activation. Increased expression of 
surface molecules like CD46, CD55 and CD59 will also inhibit complement activation [37]. A 
local production of immunosuppressive cytokines, such as TGF-β, limits B and Th1 
lymphocyte activation but activates Th2 lymphocytes [34, 38, 39]. Finally, retinal cells 
express surface molecules involved in apoptosis such as TNF- Related Apoptosis Inducing 
Ligand (TRAIL) and Fas ligand (FasL). FasL interacts with FasR (Fas receptor) carried by the 
inflammatory cells, inducing their apoptosis. This would control the entry of Fas-expressing 
lymphoid cells and limit the alteration of ocular cells by these cells [40, 41]. Whereas the 
mechanisms that underlie retinal damage in OT are yet not fully understood, the immune 
response might directly affect the pathogenesis of toxoplasmic retinochoroiditis and some 
cytokines have been shown to be fundamental to either control or block a protective 
response against T. gondii in experimental models. As early as 1998, Gazzinelli & Denkers 
[42] stated that initiating a strong T-cell-mediated immunity was crucial in the immune 
defense against T. gondii. High levels of gamma interferon (IFNγ) were induced by the 
parasite during initial infection as a result of early T-cell as well as natural killer (NK) cell 
activation. Induction of interleukin-12 by macrophages is a major mechanism driving early 
IFNγ synthesis. They also stated that “while part of the clinical manifestations of 
toxoplasmosis results from direct tissue destruction by the parasite, inflammatory cytokine-
mediated immunopathologic changes may also contribute to disease progression”. In 
animal experiments, many authors have described that IFNγ and TNFα, which enhance 
macrophage activation and induce production of other cytokines such as IL-12, give rise to a 
type Th1 immune response that plays a crucial role in parasite control [43]. These two 
cytokines could play a major role in immunological responses that control parasite 
proliferation by induction of indoleamine 2,3-dioxygenase production in retinal pigment 
epithelial cells [44]. Moreover, Gazzinelli et al. [45] observed that compared to control 
animals, mice treated with IFNγ or TNFα antagonists or antibodies against T cells (CD4 and 
CD8), showed more severe lesions characterized by exacerbated ocular damage and 
increased parasite detection in the eye. Conversely, a shift to a Th2 immune response with 
production of anti-inflammatory cytokines including IL-10, TGF-β and IL-4 promoted 
parasite survival, and was required to maintain immune privilege in the eye and prevent 
immune tissue destruction [46]. IFNγ and TNFα are also inhibitors of parasite replication in 
retinal pigment epithelial cells [47]. In humans, the participation of inflammatory mediators 
in physiopathology of OT is not yet clear. Nevertheless, a study by Yamamoto et al. [48] 
showed that asymptomatic patients secreted significantly more IL-12 and IFNγ in response 
to T. gondii antigens than patients with ocular damage. Conversely, acquired OT was 
associated with high levels of IL-1 and TNFα. They also observed that in comparison with 
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non-infected subjects, IL-2 and IFNγ production by peripheral blood mononuclear cells in 
response to T. gondii was decreased in subjects with congenital infection, suggesting a status 
of parasite tolerance. Ongkosuwito et al. [49] measured the levels of six chemokines directly 
in aqueous humor samples from patients presenting with viral or toxoplasmic uveitis. 
Interestingly, IL-6 titers in patients with OT correlated with the degree of activity of 
toxoplasmic chorioretinitis. This cytokine is now described as essential in Th17 
differentiation and Th17 cells are involved in inflammatory and autoimmune uveitis, 
supporting the hypothesis that the host immune response takes part in ocular damage [50]. 
The expansion of IL-17 producing cells in human OT has been demonstrated by Lahmar et 
al [51] who monitored cytokine patterns in serum and aqueous humor of subjects suffering 
from OT, infectious or non-infectious uveitis and cataract. High levels of IL-17 were 
reported in aqueous humor samples from 70 % patients presenting OT. Similar findings 
were also reported in patients suffering from other ocular inflammatory diseases showing 
that inflammatory processes could play a major role in the establishment of ocular damage 
in the chronic stage of OT. Due to large inter-individual variations of cytokine levels within 
each group of patients, no correlation was found between cytokine titers and clinical 
presentation. In addition, increased levels of pro-inflammatory mediators MCP-1, IL-8 and 
IL-6 were found in intraocular fluid samples from OT, but these variations were not specific 
for toxoplasmic uveitis [51]. IL-12 enhances TNF production and synthesis was higher in OT 
than in other ocular diseases in accordance with the importance of the Th1 response in 
mouse models. The Th2 cytokines (Il-4, IL-5, IL-10), which counterbalance inflammatory 
processes, were up-regulated and consequently the authors were unable to define the 
respective roles of Th1 and Th2 responses in the pathogenesis of human OT. As observed in 
experimental autoimmune uveitis, it is now proposed that eye damage may be induced by 
pathogenic responses mediated by Th-17 cells producing TNFα [52]. Conversely, host 
hypersensitivity pathways in the eye might be counterbalanced by IL-27 secretion up-
regulated by IFNγ from Th1 cells [52]. A possible association between polymorphisms in 
cytokine genes and OT was searched for in patients. Specific IL1, IL10 and IFNγ alleles were 
preferentially found in patients with OT. No such association was found with TNFα gene 
polymorphisms [53-56]. A putative summary of the role of the different cytokines and T 
cells in defense against the parasite but also in the occurrence of tissue lesions is 
summarized in figure 1. 

6. Diagnosis is based on clinical signs and some selected biological 
assays  

The diagnosis is usually based on ophthalmological examination showing unilateral, 
whitish, fuzzy-edged, round, focal lesions surrounded by retinal edema (figure 2). Cells are 
found in the vitreous, particularly overlying the active lesion. In the area surrounding the 
active retinitis, one may see hemorrhage, as well as sheathing of the retinal blood vessels. 
Fluorescein angiography of the active lesion demonstrates early blockage with subsequent 
leakage of the lesion. Cells in the anterior chamber may also be noted and may appear to be 
either a granulomatous or non granulomatous uveitis. The discovery of healed pigmented  
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absence of lymphatic vessels limits the passage of inflammatory cells and lymphocytes and 
of antibodies and complement components [34]. In addition, the ocular characteristics of the 
distribution and the functions of antigen presenting cells are also of importance. For 
example, corneal epithelium is deprived of Langerhans cells and the dendritic cells of the 
ciliary epithelium are not activated by GM-CSF and do not stimulate T lymphocytes [35, 36]. 
There is a low expression of classical MHC class IA molecules which reduce the lytic activity 
of CD8+ lymphocytes usually stimulated by the MHC I molecules.  MHC II molecules are 
not expressed in the eye, which limits CD4+ lymphocyte activation. Increased expression of 
surface molecules like CD46, CD55 and CD59 will also inhibit complement activation [37]. A 
local production of immunosuppressive cytokines, such as TGF-β, limits B and Th1 
lymphocyte activation but activates Th2 lymphocytes [34, 38, 39]. Finally, retinal cells 
express surface molecules involved in apoptosis such as TNF- Related Apoptosis Inducing 
Ligand (TRAIL) and Fas ligand (FasL). FasL interacts with FasR (Fas receptor) carried by the 
inflammatory cells, inducing their apoptosis. This would control the entry of Fas-expressing 
lymphoid cells and limit the alteration of ocular cells by these cells [40, 41]. Whereas the 
mechanisms that underlie retinal damage in OT are yet not fully understood, the immune 
response might directly affect the pathogenesis of toxoplasmic retinochoroiditis and some 
cytokines have been shown to be fundamental to either control or block a protective 
response against T. gondii in experimental models. As early as 1998, Gazzinelli & Denkers 
[42] stated that initiating a strong T-cell-mediated immunity was crucial in the immune 
defense against T. gondii. High levels of gamma interferon (IFNγ) were induced by the 
parasite during initial infection as a result of early T-cell as well as natural killer (NK) cell 
activation. Induction of interleukin-12 by macrophages is a major mechanism driving early 
IFNγ synthesis. They also stated that “while part of the clinical manifestations of 
toxoplasmosis results from direct tissue destruction by the parasite, inflammatory cytokine-
mediated immunopathologic changes may also contribute to disease progression”. In 
animal experiments, many authors have described that IFNγ and TNFα, which enhance 
macrophage activation and induce production of other cytokines such as IL-12, give rise to a 
type Th1 immune response that plays a crucial role in parasite control [43]. These two 
cytokines could play a major role in immunological responses that control parasite 
proliferation by induction of indoleamine 2,3-dioxygenase production in retinal pigment 
epithelial cells [44]. Moreover, Gazzinelli et al. [45] observed that compared to control 
animals, mice treated with IFNγ or TNFα antagonists or antibodies against T cells (CD4 and 
CD8), showed more severe lesions characterized by exacerbated ocular damage and 
increased parasite detection in the eye. Conversely, a shift to a Th2 immune response with 
production of anti-inflammatory cytokines including IL-10, TGF-β and IL-4 promoted 
parasite survival, and was required to maintain immune privilege in the eye and prevent 
immune tissue destruction [46]. IFNγ and TNFα are also inhibitors of parasite replication in 
retinal pigment epithelial cells [47]. In humans, the participation of inflammatory mediators 
in physiopathology of OT is not yet clear. Nevertheless, a study by Yamamoto et al. [48] 
showed that asymptomatic patients secreted significantly more IL-12 and IFNγ in response 
to T. gondii antigens than patients with ocular damage. Conversely, acquired OT was 
associated with high levels of IL-1 and TNFα. They also observed that in comparison with 
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non-infected subjects, IL-2 and IFNγ production by peripheral blood mononuclear cells in 
response to T. gondii was decreased in subjects with congenital infection, suggesting a status 
of parasite tolerance. Ongkosuwito et al. [49] measured the levels of six chemokines directly 
in aqueous humor samples from patients presenting with viral or toxoplasmic uveitis. 
Interestingly, IL-6 titers in patients with OT correlated with the degree of activity of 
toxoplasmic chorioretinitis. This cytokine is now described as essential in Th17 
differentiation and Th17 cells are involved in inflammatory and autoimmune uveitis, 
supporting the hypothesis that the host immune response takes part in ocular damage [50]. 
The expansion of IL-17 producing cells in human OT has been demonstrated by Lahmar et 
al [51] who monitored cytokine patterns in serum and aqueous humor of subjects suffering 
from OT, infectious or non-infectious uveitis and cataract. High levels of IL-17 were 
reported in aqueous humor samples from 70 % patients presenting OT. Similar findings 
were also reported in patients suffering from other ocular inflammatory diseases showing 
that inflammatory processes could play a major role in the establishment of ocular damage 
in the chronic stage of OT. Due to large inter-individual variations of cytokine levels within 
each group of patients, no correlation was found between cytokine titers and clinical 
presentation. In addition, increased levels of pro-inflammatory mediators MCP-1, IL-8 and 
IL-6 were found in intraocular fluid samples from OT, but these variations were not specific 
for toxoplasmic uveitis [51]. IL-12 enhances TNF production and synthesis was higher in OT 
than in other ocular diseases in accordance with the importance of the Th1 response in 
mouse models. The Th2 cytokines (Il-4, IL-5, IL-10), which counterbalance inflammatory 
processes, were up-regulated and consequently the authors were unable to define the 
respective roles of Th1 and Th2 responses in the pathogenesis of human OT. As observed in 
experimental autoimmune uveitis, it is now proposed that eye damage may be induced by 
pathogenic responses mediated by Th-17 cells producing TNFα [52]. Conversely, host 
hypersensitivity pathways in the eye might be counterbalanced by IL-27 secretion up-
regulated by IFNγ from Th1 cells [52]. A possible association between polymorphisms in 
cytokine genes and OT was searched for in patients. Specific IL1, IL10 and IFNγ alleles were 
preferentially found in patients with OT. No such association was found with TNFα gene 
polymorphisms [53-56]. A putative summary of the role of the different cytokines and T 
cells in defense against the parasite but also in the occurrence of tissue lesions is 
summarized in figure 1. 

6. Diagnosis is based on clinical signs and some selected biological 
assays  

The diagnosis is usually based on ophthalmological examination showing unilateral, 
whitish, fuzzy-edged, round, focal lesions surrounded by retinal edema (figure 2). Cells are 
found in the vitreous, particularly overlying the active lesion. In the area surrounding the 
active retinitis, one may see hemorrhage, as well as sheathing of the retinal blood vessels. 
Fluorescein angiography of the active lesion demonstrates early blockage with subsequent 
leakage of the lesion. Cells in the anterior chamber may also be noted and may appear to be 
either a granulomatous or non granulomatous uveitis. The discovery of healed pigmented  
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Figure 1. T cells and cytokines involved in ocular toxoplasmosis and parasite destruction 

 
Figure 2. Eye fundus aspects of ocular toxoplasmosis. a: active lesion; b, d: scar; c: active lesion and 
scars (source A.P. Brézin and Anofel) 

 
Risk Factors, Pathogenesis and Diagnosis of Ocular Toxoplasmosis 135 

retinochoroidal scars facilitates the diagnosis [57, 58]. OT is also confirmed by a favorable 
clinical response to specific therapy. However, diagnosis and treatment can be delayed in 
patients with atypical lesions (unusual and complicated forms) or patients showing an 
inadequate response to antimicrobial therapy as particularly observed in elderly or 
immunocompromised patients [13, 17]. In such cases, rapid identification of the causative 
agent requires aqueous humor sampling by anterior chamber paracentesis [59]. Laboratory 
diagnosis is based on the comparison of antibody profiles in ocular fluid and serum samples 
in order to detect intraocular specific antibody synthesis, based on the Goldmann-Witmer 
coefficient (GWC) or on the observation of qualitative differences between eye fluid and 
serum by immunoblotting (IB) [60]. The GWC is based on the comparison of the levels of 
specific antibodies to total immunoglobulin in both aqueous humor and serum. Recent 
studies have shown the usefulness of PCR applied to aqueous humor, in combination with 
serologic tests, for the diagnosis of OT [61-68]. However, although this combined approach 
improves diagnostic sensitivity, the volume of the ocular fluid sample may not be adequate 
for PCR, IB, and GWC. We showed [68] that a combination of all three methods had a 85% 
sensitivity and a 93% specificity for the diagnosis of atypical or extensive toxoplasmic 
retinochoroiditis. The sensitivity of GWC alone for atypical uveitis (based mainly on 
aqueous humor samples) ranges from 39% to 93% [60, 63, 65, 67, 69-71]. Discrepancies could 
be explained by differences in (i) the interval between symptom onset and paracentesis, (ii) 
the characteristics of the uveitis (typical or atypical), (iii) underlying immunological status, 
and (iv), the chosen GWC positivity threshold, which ranges from 2 to 8 in the literature. 
The specificity of the GWC is usually high if the retinal barrier has not been impaired. IB on 
aqueous humor has sensitivities ranging from 50 to 81% for the diagnosis of atypical [60, 65] 
and typical [66, 68, 69] OT. Apparently the sensitivity of IB increases with the length of the 
interval between onset of symptoms and paracentesis. The sensitivity of real-time PCR 
ranges from 36 % to 55% [63, 67, 68]. The sensitivity was higher with a real-time PCR assay 
targeting the T. gondii repeat element of 529 base pairs [68] than with real-time PCR 
targeting the B1 gene (40% and 36% respectively). Real-time PCR has been shown to be 
more sensitive on a variety of samples when the 529-bp repeat element rather than the B1 
gene was used as a target [71]. In contrast to the IB and GWC results, the results of PCR are 
not influenced by the interval between symptom onset and paracentesis. The total size of 
acute retinal foci is larger in PCR-positive patients [64, 67, 68]. PCR seems more informative 
than the GWC and IB for immunocompromised patients [62, 64]. The rate of detection of 
specific intraocular antibodies seems related to the interval between symptom onset and 
paracentesis. Early sampling is often associated with negative GWC results and with low IB 
sensitivity. The sensitivity of the GWC increases when sampling is performed at least 10 
days after symptom onset, and IB was positive for 72% of cases 30 days after symptom onset 
[68]. Several studies have examined the influence of this interval on GWC results. Fardeau et 
al. [64] reported that the GWC was useless during the first 2 weeks but that its sensitivity 
increased sharply when anterior chamber puncture was performed between the 3rd and 8th 
week after symptom onset. Garweg et al. [69] showed that GWC sensitivity increased from 
57% to 70% when puncture was performed at 6 weeks instead of 3 weeks. As stated above, 
PCR sensitivity was not influenced by this interval. Combining the three biological 
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retinochoroidal scars facilitates the diagnosis [57, 58]. OT is also confirmed by a favorable 
clinical response to specific therapy. However, diagnosis and treatment can be delayed in 
patients with atypical lesions (unusual and complicated forms) or patients showing an 
inadequate response to antimicrobial therapy as particularly observed in elderly or 
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serum by immunoblotting (IB) [60]. The GWC is based on the comparison of the levels of 
specific antibodies to total immunoglobulin in both aqueous humor and serum. Recent 
studies have shown the usefulness of PCR applied to aqueous humor, in combination with 
serologic tests, for the diagnosis of OT [61-68]. However, although this combined approach 
improves diagnostic sensitivity, the volume of the ocular fluid sample may not be adequate 
for PCR, IB, and GWC. We showed [68] that a combination of all three methods had a 85% 
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retinochoroiditis. The sensitivity of GWC alone for atypical uveitis (based mainly on 
aqueous humor samples) ranges from 39% to 93% [60, 63, 65, 67, 69-71]. Discrepancies could 
be explained by differences in (i) the interval between symptom onset and paracentesis, (ii) 
the characteristics of the uveitis (typical or atypical), (iii) underlying immunological status, 
and (iv), the chosen GWC positivity threshold, which ranges from 2 to 8 in the literature. 
The specificity of the GWC is usually high if the retinal barrier has not been impaired. IB on 
aqueous humor has sensitivities ranging from 50 to 81% for the diagnosis of atypical [60, 65] 
and typical [66, 68, 69] OT. Apparently the sensitivity of IB increases with the length of the 
interval between onset of symptoms and paracentesis. The sensitivity of real-time PCR 
ranges from 36 % to 55% [63, 67, 68]. The sensitivity was higher with a real-time PCR assay 
targeting the T. gondii repeat element of 529 base pairs [68] than with real-time PCR 
targeting the B1 gene (40% and 36% respectively). Real-time PCR has been shown to be 
more sensitive on a variety of samples when the 529-bp repeat element rather than the B1 
gene was used as a target [71]. In contrast to the IB and GWC results, the results of PCR are 
not influenced by the interval between symptom onset and paracentesis. The total size of 
acute retinal foci is larger in PCR-positive patients [64, 67, 68]. PCR seems more informative 
than the GWC and IB for immunocompromised patients [62, 64]. The rate of detection of 
specific intraocular antibodies seems related to the interval between symptom onset and 
paracentesis. Early sampling is often associated with negative GWC results and with low IB 
sensitivity. The sensitivity of the GWC increases when sampling is performed at least 10 
days after symptom onset, and IB was positive for 72% of cases 30 days after symptom onset 
[68]. Several studies have examined the influence of this interval on GWC results. Fardeau et 
al. [64] reported that the GWC was useless during the first 2 weeks but that its sensitivity 
increased sharply when anterior chamber puncture was performed between the 3rd and 8th 
week after symptom onset. Garweg et al. [69] showed that GWC sensitivity increased from 
57% to 70% when puncture was performed at 6 weeks instead of 3 weeks. As stated above, 
PCR sensitivity was not influenced by this interval. Combining the three biological 
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techniques increases the sensitivity and the specificity but sometimes the volume size of the 
sample is so small that it is not possible to perform all three. On the basis of the presented 
results, we propose an algorithm for choosing the test with the best sensitivity according to 
ophthalmologic findings and delay after onset of the disease (figure 3). When paracentesis is 
performed during the 10 days following symptom onset, real-time PCR is most suitable, 
especially if the patient is immunocompromised or if the total size of the foci is large (> 2 
optic disc diameters). Beyond 10 days, the best choice is the GWC if old scars are present 
and/or if the reaction in the anterior chamber is mild to severe, or PCR if the total size of foci 
is large (>2 optic disc diameters); IB should be preferred when paracentesis is performed 
more than 30 days after symptom onset. 

 
Figure 3. Algorithm for the biological diagnosis of ocular toxoplasmosis (in severely 
immunosuppressed patients a negative serology does not exclude OT which can be then confirmed by 
PCR) 

7. Efficient treatments are available but there is no real mean of 
prevention 

There is no real consensus on the treatment of retinochoroiditis [72-75]. Some experts will 
treat only patients in which the lesions are near the macula or the optic nerve and when 
there is an important hyalitis with an impairment of the optical acuity. The non-treated 
patient will be regularly checked. Other experts will treat all the lesions whatever their 
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localizations and this is now possible because the recommended association 
pyrimethamine/azythromycine is better tolerated and has a better compliance than 
pyrimethamine associated to sulfadiazine [76, 77]. Corticosteroids (prednisone at 0.5 to 
1mg/kg/d) are constantly administered for several weeks, except for immunocompromised 
patients [73, 78]. Pyrimethamine in adults is used at 100mg/d for several days then 
decreased at 50mg/d. It should be associated with sulfadiazine at 75mg/kg/d divided in 4 
doses or better with azythromycine 250 mg/d. The total length of the treatment will be of 3 
to 6 weeks, sometimes more, depending on the initial size of the lesion.  In patients 
intolerant to treatment, clindamycine at 450-600 mg/d should be associated [79]. The 
treatment of congenital retinochoroiditis in newborns is based on sulfadiazine (50mg/kg/d 
in 2 doses) associated with pyrimethamine at 1mg/kg/d for 6 to 12 months. Fifteen mg folinic 
acid is given every 3 days. The prophylaxis of congenitally acquired OT is based on national 
programs of prevention of CT (e.g. France, Austria) but their efficiency is discussed [80-82] and 
depends on the local epidemiology and virulence of strains [83]. Peyron et al. [84] stated that 
”treating CT has little effect on the quality of life and visual function of the affected 
individuals”. However, Kieffer et al. [10] showed that a period exceeding 8 weeks between 
maternal infection and the beginning of treatment was a risk factor for retinochoroiditis; 
therefore emphasizing the need to prevent and treat CT. Evidence for the effectiveness of 
prenatal or postnatal treatment for CT is still needed. Randomised controlled trials and cohort 
studies are in progress to provide information on prognosis, especially disability [85]. There is 
no radical prevention of acquired toxoplasmosis besides hygienic rules in preparing meals. 
Eating well done or deeply frozen meat should be particularly recommended in regions where 
highly pathogenic isolates are prevalent. In HIV patients, drug prevention of toxoplasmosis 
has been successfully used for years and is now less needed since the use of efficient HAART. 

8. Conclusions 

Acquired or CT can be complicated by OT. The diagnosis relies on clinical aspects, 
responses to specific treatment and results of biological assays. The incidence and the 
prevalence of this complication are both difficult to establish precisely and depend on the 
parasite prevalence in the general population, and are affected by different factors such as 
type of exposure to the parasite, genetic background of the different parasites and the host, 
and the type of immune response elicited by the parasite. Prevention of CT (though still 
discussed), and a rapid specific treatment of acquired cases could be the key measures to 
avoid severe visual impairment but evaluation of these procedures is urgently needed.  
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1. Introduction 
Toxoplasmosis is highly prevalent in Brazil, where its prevalence ranks among the highest 
in the world. However, the prevalence of ocular toxoplasmosis may vary from one region to 
another within the country, even in the face of seroprevalence of the same magnitude. For 
over a decade we have been studying toxoplasmosis in Campos dos Goytacazes, which has 
amongst the highest prevalence of the condition already reported. Local social and 
environmental peculiarities influence the risk factors and impact the seroprevalence when 
analyses are performed in local populations stratified by socioeconomic status [1]. Campos 
dos Goytacazes, usually referred to as Campos, is located in the northern state of Rio de 
Janeiro in the most important oil-producing region of Brazil. The city is composed of an area 
equivalent to 4,027 km2, and with 463.731 inhabitants, it is the third most economically 
important city in the state of Rio de Janeiro. Some aspects related to the natural history of 
toxoplasmosis in Campos are connected to its historic past with respect to economic 
agricultural and rural activities that were linked to the Sugar Cane economy.  Sugar 
production prevailed as the most important economic activity until the mid-80s, at which 
point it began gradually giving way to activities related to oil. The city still preserves its 
spatial organization and cultural points, which are characteristics of a city with strong rural 
features.  
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In areas with a high prevalence of infectious and parasitic diseases, such as toxoplasmosis in 
Campos, several challenges are posed to the health authorities with regard to diagnoses, 
accurate assessment of incidence and prevalence, and clinical management of disease 
symptoms. Our studies in toxoplasmosis have focused on the natural history, epidemiology, 
immune response and immunogenetics of infected individuals in order to better understand 
the clinical presentation of the disease. In this chapter, we present in four sections, data 
related to 1) the diversity of presumable toxoplasmic retinal/retinochoroidal scar lesion 
presentations in comparison to other population-based studies of the same nature in Brazil; 
2) the profile of the in vitro immune response of patients in the context of the clinical 
presentation of ocular toxoplasmosis; 3) evidence for candidate genes that are associated 
with susceptibility for or protection against the development of toxoplasmic retinal lesions; 
and 4) the association of ocular toxoplasmosis with other infectious diseases.  

2. The diversity of retinal/retinochoroidal scar lesions in T. gondii 
hyperendemic areas of Brazil  

In the past, most T. gondii retinochoroiditis was thought to be of congenital infection origin. 
However, it is currently accepted that ocular disease is most likely the most common 
potentially severe symptomatic manifestation in acute, postnatally acquired toxoplasmosis 
[2, 3]. The epidemiologic studies in Brazil have contributed to changing that traditional 
belief. In the country, toxoplasmosis is the most frequent cause of infectious uveitis, as in 
many other nations [4-9,56,57]. The prevalence of ocular toxoplasmosis in areas highly 
endemic for T. gondii in Brazil has an important public health impact and differs among 
areas of similar seroprevalence. Population-based studies involving people of ages ranging 
from 10 years to older than 50 years from different regions of the country have shown that 
the prevalence of retinochoroiditis varies from 2.6% to 17.7% [4-8].  

The population-based studies that are used to estimate ocular disease caused by T. gondii 
infection depend on the observation of retinal/retinochoroidal lesion scars via fundoscopic 
examinations, and as in epidemiologic surveys, it is not common to find patients with active 
toxoplasmic lesions. The observed difference in ocular prevalence, even in face of similar 
seroprevalence has oriented studies to better understand and identify the risk factors for 
infection and for the development of toxoplasmic ocular disease.  

Holland and associates in 1996 [3] report the three types of retinochoroidal lesions in 
otherwise healthy patients, described in 1969 by Friedmann and Knox, which are based on 
the localization in the retina, size, vitreous inflammatory reaction and probable prognosis in 
terms of complications or decreased vision. However, for epidemiologic surveys, the lack of 
a classification system or a consensual proposal to describe scar lesions presumably caused 
by T. gondii infections certainly impacts the final prevalence that is determined in various 
studies and, perhaps more importantly, fails to describe asymptomatic, less severe scar 
lesions confined to the retinal pigment epithelium (RPE) that are not commonly seen by 
ophthalmologists in clinical settings. Such lesions might be important not only from an 
epidemiological point of view itself, but, if well studied, they could perhaps aid in the 
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development of new therapeutic approaches that may benefit patients who have more 
severe forms of disease, especially recurrent forms of ocular toxoplasmosis. 

In light of these considerations, subjective criteria certainly influence the clinical diagnosis of 
ocular toxoplasmosis in population-based studies, which are based on the appearance of 
inactive retinal/retinochoroidal scar lesions left by presumed toxoplasmic lesions that were 
previously active. In addition, the ophthalmologists’ clinical experience on the resolution of 
active lesions is important for the recognition of retinal/retinochoroidal toxoplasmic scar 
lesions.  

An important epidemiological study conducted in Brazil by Glasner and associates in 1992 
reported a ranking of probability for the classification of retinal scar lesions that are 
presumably caused by T. gondii infection [4]. The system was established by the authors to 
try to estimate the actual prevalence of ocular toxoplasmosis in a highly endemic area for T. 
gondii infection located in a small village in southern Brazil called Erechim. According to the 
authors, on the basis of a conservative assessment of ophthalmic findings, 17.7% of the 
patients (184 out of 1042 examined) were considered to have ocular toxoplasmosis. They 
categorized the different types of lesions that were identified during the examination of 1042 
individuals and organized them into five groups numbered 1 through 5 according to the 
probability that the lesion was caused by T. gondii infection. Those classified from grade one 
to grade three were considered to be definitively caused by T. gondii infection [4].  We found 
the authors’ initiative very important, and with the same objective, we have proposed some 
descriptive criteria to classify the most commonly found retinal/retinochoroidal lesions from 
our population-based work in Campos dos Goytacazes [7, 10, 11]. However, as mentioned 
earlier, the nature of the toxoplasmic retinal/retinochoroidal scar lesions, or even active 
lesions described during the fundoscopic examination, is subjective. Thus, the decision as to 
whether a scar lesion was caused by T. gondii infection depends, to some extent, on 
subjective criteria. To minimize the intrinsic characteristic of this decisional process, in 
population-based studies, a group of ophthalmologists consensually decide which scar 
lesions have the greatest probability of being caused by toxoplasmic infection. During this 
process, the ophthalmologists are usually uninformed as to whether the patient serology is 
positive or negative for T. gondii.  

There is a type of retinal/retinochoroidal scar lesion that is universally accepted as being 
healed from active retinal/retinochoroidal inflammation caused by T. gondii infection. These 
scars usually result from the active typically visible yellow-white focus with fluffy borders, 
which may or may not be accompanied by vitreous inflammation that limits the 
visualization of the posterior pole [12]. However, there exist other lesions that are equally 
recognized by specialists as toxoplasmic lesions, termed as “atypical” toxoplasmic lesions, 
and their active forms have been reviewed [3, 12]. The frequency of scar lesions healed from 
“atypical” active toxoplasmic lesions in population-based studies is not well known because 
in previous studies, with the intent of avoiding an over estimation of ocular toxoplasmosis, 
only scars healed from typical lesions, which are most likely equally typical in terms of 
toxoplasmic retinochoroidal scar lesion representativeness, have been usually used to infer 
the ocular prevalence of T. gondii infection in epidemiologic surveys. As a consequence, 
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identifying the actual prevalence of ocular toxoplasmosis in areas highly endemic for T. 
gondii in Brazil constitutes a challenge in practice and may be underestimated. In fact, the 
existence of retinal/retinochoroidal scars most likely healed from non-typical toxoplasmic 
retinal/retinochoroidal lesions have been reported in endemic areas [4, 7, 9-11, 13] as 
discussed later in this section.  

Two groups working independently in Rio de Janeiro state, one from the State University of 
North Fluminense (UENF) at  Campos dos Goytacazes and another from the Oswaldo Cruz 
Foundation, have conducted epidemiological and human immunogenetic studies that can be 
directly compared because the same criteria for ocular scar lesions classification was adopted 
for both [9, 11]. The criteria for characterizing scar lesions that were presumably caused by T. 
gondii infection adopted by both groups were based on the morphological aspects of the scars, 
primarily the pigmentation and the degree of retinal tissue damage. The lesions were termed 
as type A, type B or type C by the Campos dos Goytacazes group [7, 11] and as type 1, type 2 
or type 3, respectively, by the Oswaldo Cruz Foundation group [9]. The Oswaldo Cruz group 
investigated the retinochoroiditis caused by T. gondii infection in a rural area (Santa Rita) of 
Barra Mansa, located at southern part of the Rio de Janeiro state [9]. Campos dos Goytacazes 
and Santa Rita are both supplied by the Paraíba do Sul River, which supplies water to 
approximately 4.8 million persons in Brazil. The cities are located approximately 390 km from 
each other; Campos at north of the state and Barra Mansa in the south.  

In 2005, the Campos group published a proposal (in Portuguese) to categorize/classify the 
diverse foci of retinochoroiditis scars found in a survey conducted from 1997-1999 on the 
prevalence and risk factors for T. gondii infection. In the proposal, the group termed the 
toxoplasmic scar lesion foci as type I, type II or type III [10]. In a previous publication of 
2001 [7], the Campos group had termed such lesions as type A, type B and type C, 
respectively. However, because of the possibility of confusion and some relation with the 
three archetypal T. gondii lineages, which are termed type I, II or III based on the genomic 
sequence associated with their virulence in mice [14, 15], we returned to the original 
classification nomenclature of type A, type B and type C [7, 11]. The following descriptions 
in quotes are related to the three classes of retinal/retinochoroidal foci scars found in T. 
gondii seropositive individuals in endemic areas to toxoplasmosis published by both the 
Campos and Oswaldo Cruz Foundation groups: “class A lesions present well-marked 
boundaries, usually surrounded by a pigmented halo and extensive destruction of the retina 
and choroid. Class B lesions are characterized by a surrounding hypopigmented halo and a 
smaller degree of tissue destruction in comparison to class A. Class C lesions are basically 
areas of retinal pigment epithelium hyperplasia or atrophy with a smaller degree of tissue 
destruction compared to class A and B” [11] and “type 1 lesions boundaries are well marked 
with a halo of hyperpigmentation and central area of retinochoroidal atrophy, type 2 lesions 
with hypopigmented halo and central hyperpigmented area and type 3 lesions 
hyperpigmented or hypopigmented consistent with hyperplasia or atrophy of the retinal 
pigment epithelium” 1 [9]. 
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Figure 1 shows representative type A, B and C scar lesions that appear isolated in one or 
both eyes as well as multiple lesions of different types (AB, ABC, AC and BC) in one or both 
eyes. Type A and B scar lesions have a higher probability of being recognized by 
ophthalmologists as being caused by T. gondii infection. Certainly, out of the context of 
epidemiological surveys to estimate ocular toxoplasmosis, type C scar lesions would, with 
very low probability, be considered as retinal scars healed from ocular toxoplasmosis. Some 
aspects intrinsic to this type of scar lesion led us to believe they are caused by T. gondii 
infection; these are i) their high frequency in patients who are seropositive for T. gondii; ii) 
their common association with the more typical type A and B scar lesions; and iii) their 
differentiated profile of the specific in vitro cellular immune response of patients presenting 
this type of lesion compared to T. gondii seropositive patients who present no ocular lesions. 
We have evidence that the profile of their specific in vitro cellular immune response is most 
likely a result of a very efficient mild to minimal inflammatory intraocular reaction against 
T. gondii that causes only superficial injury to RPE, which can result in pigmented or 
apigmented scars, as we shall see later in this chapter. 

 
Figure 1. Fundus photograph of representative retinal/retinochoroidal non-active scar lesions. Panel A 
and panel B represent single type A and B scar lesions, respectively. Panels C and D represent single 
type C scar lesions that are hyper- and hypopigmented, respectively. The scar lesions by type are 
indicated by colored arrows: red represents type A scar lesions, orange represents type B scar lesions 
and yellow indicates type C scar lesions. The two pictures at the bottom (panels E and F) show multiple 
scar lesions of type ABC (with arrows red, orange and yellow) and a multiple scar lesion of type AB 
(with arrows red and orange). 

In a survey conducted in 1997-1999 to investigate the seroprevalence of toxoplasmosis in 
Campos [1], during which 1436 persons were investigated and the local waterborne nature 
of T. gondii infection was shown, the study population was divided into three socio-
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economic strata. In addition to other factors, the geographic localization of the selected 
people was important for differential T. gondii seroprevalence levels. Then, for the groups 
living in slums and rural areas from Campos who shared the same lower socio-economic 
strata termed as population 1 (P1), the T. gondii age adjusted serumprevalence was 84% [1]. 
For the middle and upper socioeconomic groups, termed as population 2 (P2) and 
population 3 (P3), 62% and 23% of T. gondii age adjusted seroprevalence was identified, 
respectively. However, the lower age adjusted seroprevalence of toxoplasmosis observed for 
P3 (23%) and P2 (62%) in comparison with P1 (84%) [1] contrasted with the similar overall 
ocular prevalence found for the three populations namely, P3 (12%), P2 (10%) and P1 (12%) 
[7]. It is important to mention that for the estimation of ocular disease prevalence caused by 
T. gondii infection in Campos, which was published in 2001, a more conservative basis for 
diagnose was adopted. The diagnosis considered only the typical appearance of 
retinochoroidal scar lesions for the prevalence calculation [7]. For the Santa Rita study, 
which will be compared to the Campos study, only the population living in rural areas was 
evaluated, and the T. gondii seroprevalence was found to be 65.9%; however, no risk factor 
was reported [7]. For the Campos study, we observed that despite the same seroprevalence 
among those living in rural areas and those living in slums (both from P1 strata), the 
prevalence of ocular disease was different. Namely, when the lower socio-economic strata 
were sub-stratified according to people living in rural areas and those living in slums, we 
found that the prevalence of ocular disease was 14% for those living in rural areas and 8% 
for those living in slums [7]. For the Santa Rita study, which involved only the rural 
community, ocular disease prevalence was reported as 5.8%. 

For the past six years, we have conducted randomized samplings of individuals older than 
10 years belonging to P1 and P2 (lower and middle socio-economic strata, respectively, from 
the total Campos population). We have collected peripheral venal blood for T. gondii 
serologic evaluation and patients have been examined  by indirect  ophthalmoscopy . Some 
patients who may have participated from the previous survey [1] were re-evaluated 
clinically and serologically by collecting new blood samples for the immunological and 
immunogenetic studies. The results of the serologic prevalence and the prevalence of ocular 
disease from 411 patients that were examined over the past six years are reported in Table 1 
to compare our results with the Santa Rita study population.  

The frequencies of types of scar lesions, considering the total number of patients who 
presented scar lesions in each study, are shown in the Table 1. There were 41 persons with 
scar lesions out of 706 T. gondii seropositive individuals from Santa Rita and 94 subjects with 
scar lesions out 314 T. gondii seropositive individuals from Campos.  We observed that the 
frequency of type A (type 1) lesions was much higher in Santa Rita (41.5%) than in Campos 
(19.1,%) and that the most frequent type of scar lesion per patient from Campos was type C 
(28.7%); in Santa Rita, the frequency of the type C (Type 3) scar lesion was 12.2%. Curiously, 
the frequency of type B (type 2) lesions was very similar in both areas: 24.4% in Santa Rita 
and 24.5% in Campos. The sum of multiple lesions types in both areas was also similar. 
Namely, the sum of the frequency of individuals who presented AB + ABC + AC + BC as 
well as 1 and 2 + 1 and 2 and 3 + 1 and 3 + 2 and 3 scar lesions was 27.7% and 22% for 
Campos and Santa Rita, respectively.  
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 Santa Rita (Barra Mansa)  Campos dos Goytacazes 
 n %  n % 
Study population 1071  

 
 411  

T. gondii seropositivity 706 65.9  314 76.6 
Type of scar lesions n % Type of scar lesions n % 

1 17 41.5 A 18 19.1 
2 10 24.4 B 23 24.5 
3 5 12.2 C 27 28.7 

1 and 2 2 4.9 AB 9 9.6 
1 and 3 4 9.8 AC 2 2.1 
2 and3 2 4.9 BC 7 7.4 

1, 2 and 3 
Total 

1 
41 

2.4 
5.8% 

ABC 
Total 

8 
94 

8.5 
11.7 %* 

* The total prevalence of ocular disease in Campos can be expressed in three levels. 
1- Considering only the persons who present type A scar lesions, which are those universally recognized as being 
healed from the typical toxoplasmic retinochoroidal active lesions. This value is calculated as the sum of single type A 
scar lesions (n=18) plus the multiple type lesions that contain the type A scar lesion,(AB n=9) + (AC n=2) + (ABC n=8), 
totaling 37 individuals. This gives the prevalence of ocular disease of 11.7%. 
2- Considering the individuals who present type A single and multiple type scar lesions plus the individuals 
presenting type B single (n=23) plus multiple type lesions (BC n=7), which adds up to a total of 67 individuals and 
gives a prevalence of 21.33%. 
3- Considering all the people who present type A and type B single and multiple type lesions and persons who present 
with type C scar lesions, which totals 94 individuals and gives a prevalence of 29.9%. 

Table 1. Comparison Between the T. gondii Seroprevalence and Retinal/Retinochoroidal Scar Lesions 
Prevalence from Campos dos Goytacazes (RJ) and Santa Rita (Barra Mansa-RJ) 

Considering that out of 411 clinically and serologically examined patients 314 were 
seropositive for T. gondii, the seroprevalence was estimated at 76.6%. This prevalence 
represents the intermediate value between the prevalence observed for P1 (84%) and P2 
(62%) reported in 2003 [1] and calculated by P1(84%) + P2(62%)/2 = 73%. The same was 
observed for the expected and found toxoplasmic ocular prevalence; i.e., adopting the same 
highly conservative criteria of 2001 to compute toxoplasmic scar lesions and considering 
only the individuals who presented typical lesions (type A scar single or multiple lesions, 
i.e., the sum of type A scar lesions plus scar lesions of type AB, ABC and AC), we found a 
toxoplasmic ocular prevalence of 11.7% (37 out of 314 individuals). Once again, the 
prevalence corresponded to that would be expected from that observed in 2001: 10% for P1 
and 12% for P2 [7], as P1(10 %) + P2(12%)/2 = 11%. However, if we consider type B and type 
BC scar lesions together with type A and type AB, ABC, and AC scar lesions to calculate the 
toxoplasmic ocular prevalence in Campos, we find 21.33% (67 out of 314). Furthermore, if 
we additionally consider type C scar lesions to calculate the frequency, the prevalence of 
toxoplasmic ocular lesions in Campos increases to 29.9% (94 out of 314). It is important to 
keep in mind that the prevalence values are related to the population extract P1 plus P2 
older than 10 years and that it is after the age of 10 that we observe a substantial increase in 
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economic strata. In addition to other factors, the geographic localization of the selected 
people was important for differential T. gondii seroprevalence levels. Then, for the groups 
living in slums and rural areas from Campos who shared the same lower socio-economic 
strata termed as population 1 (P1), the T. gondii age adjusted serumprevalence was 84% [1]. 
For the middle and upper socioeconomic groups, termed as population 2 (P2) and 
population 3 (P3), 62% and 23% of T. gondii age adjusted seroprevalence was identified, 
respectively. However, the lower age adjusted seroprevalence of toxoplasmosis observed for 
P3 (23%) and P2 (62%) in comparison with P1 (84%) [1] contrasted with the similar overall 
ocular prevalence found for the three populations namely, P3 (12%), P2 (10%) and P1 (12%) 
[7]. It is important to mention that for the estimation of ocular disease prevalence caused by 
T. gondii infection in Campos, which was published in 2001, a more conservative basis for 
diagnose was adopted. The diagnosis considered only the typical appearance of 
retinochoroidal scar lesions for the prevalence calculation [7]. For the Santa Rita study, 
which will be compared to the Campos study, only the population living in rural areas was 
evaluated, and the T. gondii seroprevalence was found to be 65.9%; however, no risk factor 
was reported [7]. For the Campos study, we observed that despite the same seroprevalence 
among those living in rural areas and those living in slums (both from P1 strata), the 
prevalence of ocular disease was different. Namely, when the lower socio-economic strata 
were sub-stratified according to people living in rural areas and those living in slums, we 
found that the prevalence of ocular disease was 14% for those living in rural areas and 8% 
for those living in slums [7]. For the Santa Rita study, which involved only the rural 
community, ocular disease prevalence was reported as 5.8%. 

For the past six years, we have conducted randomized samplings of individuals older than 
10 years belonging to P1 and P2 (lower and middle socio-economic strata, respectively, from 
the total Campos population). We have collected peripheral venal blood for T. gondii 
serologic evaluation and patients have been examined  by indirect  ophthalmoscopy . Some 
patients who may have participated from the previous survey [1] were re-evaluated 
clinically and serologically by collecting new blood samples for the immunological and 
immunogenetic studies. The results of the serologic prevalence and the prevalence of ocular 
disease from 411 patients that were examined over the past six years are reported in Table 1 
to compare our results with the Santa Rita study population.  

The frequencies of types of scar lesions, considering the total number of patients who 
presented scar lesions in each study, are shown in the Table 1. There were 41 persons with 
scar lesions out of 706 T. gondii seropositive individuals from Santa Rita and 94 subjects with 
scar lesions out 314 T. gondii seropositive individuals from Campos.  We observed that the 
frequency of type A (type 1) lesions was much higher in Santa Rita (41.5%) than in Campos 
(19.1,%) and that the most frequent type of scar lesion per patient from Campos was type C 
(28.7%); in Santa Rita, the frequency of the type C (Type 3) scar lesion was 12.2%. Curiously, 
the frequency of type B (type 2) lesions was very similar in both areas: 24.4% in Santa Rita 
and 24.5% in Campos. The sum of multiple lesions types in both areas was also similar. 
Namely, the sum of the frequency of individuals who presented AB + ABC + AC + BC as 
well as 1 and 2 + 1 and 2 and 3 + 1 and 3 + 2 and 3 scar lesions was 27.7% and 22% for 
Campos and Santa Rita, respectively.  
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Type of scar lesions n % Type of scar lesions n % 
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2 10 24.4 B 23 24.5 
3 5 12.2 C 27 28.7 

1 and 2 2 4.9 AB 9 9.6 
1 and 3 4 9.8 AC 2 2.1 
2 and3 2 4.9 BC 7 7.4 
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* The total prevalence of ocular disease in Campos can be expressed in three levels. 
1- Considering only the persons who present type A scar lesions, which are those universally recognized as being 
healed from the typical toxoplasmic retinochoroidal active lesions. This value is calculated as the sum of single type A 
scar lesions (n=18) plus the multiple type lesions that contain the type A scar lesion,(AB n=9) + (AC n=2) + (ABC n=8), 
totaling 37 individuals. This gives the prevalence of ocular disease of 11.7%. 
2- Considering the individuals who present type A single and multiple type scar lesions plus the individuals 
presenting type B single (n=23) plus multiple type lesions (BC n=7), which adds up to a total of 67 individuals and 
gives a prevalence of 21.33%. 
3- Considering all the people who present type A and type B single and multiple type lesions and persons who present 
with type C scar lesions, which totals 94 individuals and gives a prevalence of 29.9%. 

Table 1. Comparison Between the T. gondii Seroprevalence and Retinal/Retinochoroidal Scar Lesions 
Prevalence from Campos dos Goytacazes (RJ) and Santa Rita (Barra Mansa-RJ) 

Considering that out of 411 clinically and serologically examined patients 314 were 
seropositive for T. gondii, the seroprevalence was estimated at 76.6%. This prevalence 
represents the intermediate value between the prevalence observed for P1 (84%) and P2 
(62%) reported in 2003 [1] and calculated by P1(84%) + P2(62%)/2 = 73%. The same was 
observed for the expected and found toxoplasmic ocular prevalence; i.e., adopting the same 
highly conservative criteria of 2001 to compute toxoplasmic scar lesions and considering 
only the individuals who presented typical lesions (type A scar single or multiple lesions, 
i.e., the sum of type A scar lesions plus scar lesions of type AB, ABC and AC), we found a 
toxoplasmic ocular prevalence of 11.7% (37 out of 314 individuals). Once again, the 
prevalence corresponded to that would be expected from that observed in 2001: 10% for P1 
and 12% for P2 [7], as P1(10 %) + P2(12%)/2 = 11%. However, if we consider type B and type 
BC scar lesions together with type A and type AB, ABC, and AC scar lesions to calculate the 
toxoplasmic ocular prevalence in Campos, we find 21.33% (67 out of 314). Furthermore, if 
we additionally consider type C scar lesions to calculate the frequency, the prevalence of 
toxoplasmic ocular lesions in Campos increases to 29.9% (94 out of 314). It is important to 
keep in mind that the prevalence values are related to the population extract P1 plus P2 
older than 10 years and that it is after the age of 10 that we observe a substantial increase in 
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T. gondii seroprevalence for P1 and P2, based on previous studies in Campos [1]. 
Furthermore, it is only after 10 years of age that we observe the elevation of ocular 
toxoplasmosis prevalence in population-based studies in general [2].  

In the context of the diversity of retinal/retinochoroidal scar lesions found in epidemiologic 
surveys in Brazil, another important report from the Erechim area was conducted by 
Silveira and associates in 1999 [13], seven years after the study conducted by Glasner and 
associates in 1992 [4]. A group of patients that were previously examined in 1992 presented 
a type of hyperpigmented scar lesion presumably caused by T. gondii infection and termed 
as “atypical” in comparison with those were termed as “typical” lesions. Some of those 
patients had “atypical” scar lesions that evolved to “typical” toxoplasmic retinal lesions in 
the time frame of 7 years. The description of the hyperpigmented “atypical” lesions from 
patients of Erechim fulfills all but one of the criteria we have used to classify type B 
toxoplasmic scar lesions in Campos [13]. The difference between Silveira’s description and 
our description is that we do not consider size to define the type of scar in any of our 
classification criteria. Instead, we consider the type of pigment distribution in the scar and 
the degree of the retinal tissue damage, namely the degree of tissue damage that can be 
inferred by indirect opththalmoscopy, considering the natural limitations for this type of 
examination in terms of tissue evaluation damage. In the referred study from Erechim, 
Silveira and associates showed that at 7-year follow-up, 3 persons of 13 subjects presented 
“atypical” scar lesions that evolved to “typical” toxoplasmic retinochoroidal scars. They 
concluded that the typical new lesions arose from or adjacent to the pre-existing atypical 
lesions in two of the three patients based on photographs and drawing of atypical scar 
lesion location seven years prior [13]. 

As stated earlier, the criteria used to classify scar lesions as type A, B or C are morphological 
based on the pigment appearance and the degree of retinal damage. However, we believe 
that information regarding their size and localization could be useful for future comparative 
studies in other endemic areas of Brazil and abroad. We present the frequency of 
localization and sizes of 85 scar lesions from 49 patients, some of which were involved in 
immunological and immunogenetic studies conducted in Campos [16-18]. In Figure 2, a 
fundoscopy picture from a normal (presenting no retinal damage) individual is shown. The 
numbers indicate four retinal region (code/index) that are used to compute the scar lesion 
localization for frequency calculation purposes, as shown in Table 2. Each retinal region 
shown in Figure 2 is assigned an arbitrary number (index/code) as follows: equatorial (1), 
macula (2), posterior pole / macula (3), posterior pole (4); the periphery (5) shown in Table 2 
does not appear in Figure 2 because it is not usually visible in fundoscopic pictures. Each 
scar lesion was computed  independently if an individual exhibited more than one type of 
scar lesion in one or both eyes, such as A, B or C or a combination of types, such as AB, AC, 
ABC, or BC, irrespective of their locations. Thus, from the 49 individuals who presented scar 
lesions, a total of 15 type A scar lesions, 34 type B scar lesions and 36 type C scar lesions 
were considered for analysis, totaling 85 scar lesions.The median value  of scar from the 
most severe lesions (type A) that was 2, presentes a numeric value (index/code)  arbitrarily 
attributed to denote location on the retina, that was lower compared to values observed for 
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the locations of type B (median value= 4) and C (median value =5) scar lesions. This fact 
illustrates that the median locations of type A scar lesions (median value =2) are preferably 
in regions closer to the macula (see Figure 2), whereas type C lesions  are preferentially 
located in peripheral regions of retina. The statistical comparison among the different types 
of toxoplasmic scar lesion locations was tested using a Kruskal-Wallis test followed by a 
Dunns test. A significant difference (p ≤0.01) was found between the localization of type A 
scars and type C scars. No significant difference between the locations of type A and B scar 
lesions was found. Between type B and type C scar lesions, a significant difference (p< 0.01) 
was also found.  

 
Figure 2. Fundoscopic photograph of a normal retina indicating the regions: equatorial (1) macular (2), 
posterior pole/macula (3) and posterior pole (4). Region 5, which corresponds to the periphery, is not 
shown (see text and Table 2). 

 

Lesion localization region 
Location Code (Index) of 
lesion in retina 

Frequency of occurrence (n) 
of each scar type lesion 

Equatorial 1 A(6) B (15) C (9) 

Macular 2 A(5) B (1) C (0) 

Posterior pole/Macula 3 A(1) B (0) C (0) 

Posterior pole 4 A(1) B (5) C (2) 

Periphery 5 A(2) B (13) C (25) 

Table 2. Frequency of the Topographic Location of Retinal/Retinochoroidal Scar Lesions of type A, type 
B and type C in the retina 

The sizes of the same 85 scar lesions were also measured in terms of optic disc size (disc 
diameter, dd) at the slit lamp with a 78 D lens in a normal clinical ophthalmoscopic 
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T. gondii seroprevalence for P1 and P2, based on previous studies in Campos [1]. 
Furthermore, it is only after 10 years of age that we observe the elevation of ocular 
toxoplasmosis prevalence in population-based studies in general [2].  

In the context of the diversity of retinal/retinochoroidal scar lesions found in epidemiologic 
surveys in Brazil, another important report from the Erechim area was conducted by 
Silveira and associates in 1999 [13], seven years after the study conducted by Glasner and 
associates in 1992 [4]. A group of patients that were previously examined in 1992 presented 
a type of hyperpigmented scar lesion presumably caused by T. gondii infection and termed 
as “atypical” in comparison with those were termed as “typical” lesions. Some of those 
patients had “atypical” scar lesions that evolved to “typical” toxoplasmic retinal lesions in 
the time frame of 7 years. The description of the hyperpigmented “atypical” lesions from 
patients of Erechim fulfills all but one of the criteria we have used to classify type B 
toxoplasmic scar lesions in Campos [13]. The difference between Silveira’s description and 
our description is that we do not consider size to define the type of scar in any of our 
classification criteria. Instead, we consider the type of pigment distribution in the scar and 
the degree of the retinal tissue damage, namely the degree of tissue damage that can be 
inferred by indirect opththalmoscopy, considering the natural limitations for this type of 
examination in terms of tissue evaluation damage. In the referred study from Erechim, 
Silveira and associates showed that at 7-year follow-up, 3 persons of 13 subjects presented 
“atypical” scar lesions that evolved to “typical” toxoplasmic retinochoroidal scars. They 
concluded that the typical new lesions arose from or adjacent to the pre-existing atypical 
lesions in two of the three patients based on photographs and drawing of atypical scar 
lesion location seven years prior [13]. 

As stated earlier, the criteria used to classify scar lesions as type A, B or C are morphological 
based on the pigment appearance and the degree of retinal damage. However, we believe 
that information regarding their size and localization could be useful for future comparative 
studies in other endemic areas of Brazil and abroad. We present the frequency of 
localization and sizes of 85 scar lesions from 49 patients, some of which were involved in 
immunological and immunogenetic studies conducted in Campos [16-18]. In Figure 2, a 
fundoscopy picture from a normal (presenting no retinal damage) individual is shown. The 
numbers indicate four retinal region (code/index) that are used to compute the scar lesion 
localization for frequency calculation purposes, as shown in Table 2. Each retinal region 
shown in Figure 2 is assigned an arbitrary number (index/code) as follows: equatorial (1), 
macula (2), posterior pole / macula (3), posterior pole (4); the periphery (5) shown in Table 2 
does not appear in Figure 2 because it is not usually visible in fundoscopic pictures. Each 
scar lesion was computed  independently if an individual exhibited more than one type of 
scar lesion in one or both eyes, such as A, B or C or a combination of types, such as AB, AC, 
ABC, or BC, irrespective of their locations. Thus, from the 49 individuals who presented scar 
lesions, a total of 15 type A scar lesions, 34 type B scar lesions and 36 type C scar lesions 
were considered for analysis, totaling 85 scar lesions.The median value  of scar from the 
most severe lesions (type A) that was 2, presentes a numeric value (index/code)  arbitrarily 
attributed to denote location on the retina, that was lower compared to values observed for 
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the locations of type B (median value= 4) and C (median value =5) scar lesions. This fact 
illustrates that the median locations of type A scar lesions (median value =2) are preferably 
in regions closer to the macula (see Figure 2), whereas type C lesions  are preferentially 
located in peripheral regions of retina. The statistical comparison among the different types 
of toxoplasmic scar lesion locations was tested using a Kruskal-Wallis test followed by a 
Dunns test. A significant difference (p ≤0.01) was found between the localization of type A 
scars and type C scars. No significant difference between the locations of type A and B scar 
lesions was found. Between type B and type C scar lesions, a significant difference (p< 0.01) 
was also found.  

 
Figure 2. Fundoscopic photograph of a normal retina indicating the regions: equatorial (1) macular (2), 
posterior pole/macula (3) and posterior pole (4). Region 5, which corresponds to the periphery, is not 
shown (see text and Table 2). 

 

Lesion localization region 
Location Code (Index) of 
lesion in retina 

Frequency of occurrence (n) 
of each scar type lesion 

Equatorial 1 A(6) B (15) C (9) 
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Table 2. Frequency of the Topographic Location of Retinal/Retinochoroidal Scar Lesions of type A, type 
B and type C in the retina 

The sizes of the same 85 scar lesions were also measured in terms of optic disc size (disc 
diameter, dd) at the slit lamp with a 78 D lens in a normal clinical ophthalmoscopic 
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examination.. Table 3 shows the scar lesion types sizes that were categorized in 4 size 
ranges: 0 to 0.5 dd, 0.6 to 1 dd, 1.1 to 1.5 dd, and 1.6 to 2.0 dd. The four size ranges 
corresponded to a code/index number from 1 to 4, respectively, for the statistical analysis 
objective. The diameter of the optical disc of each subject was used as a parameter for 
determining the size of the scar lesions of the same person. There is no proportional 
relationship defined between the disc diameter and the arbitrary attributed code/index 
number. The frequency of occurrence by size of each of the 15 type A scar lesions, 34 type B 
and 36 type C scar lesions is shown in Table 3, where the three scar type sizes were 
compared in terms of the relationship between the type and the size range measured for the 
disc diameter (dd), as explained above. The type A scar lesions (healed from the most severe 
lesions) exhibited sizes significantly larger (median value = 2.2) p ≤ 0.001 than the type C 
scar lesions (median value = 1.0) but not significantly larger than type B scar lesions (median 
value =1.8), which are of middle severity in terms of retinal damage. A significant difference 
(p ≤ 0.001) relative to the size of the type B ocular scar lesions was also observed in 
comparison with type C scar lesions, which were on average smaller than type B lesions. It 
is important to mention that the age of the patient can influence the size of the optical nerve 
(diameter) [19], which can interfere with these types of measurements. However, the 
average age between groups did not differ statistically, and therefore this factor likely did 
not affect our evaluation. Nonetheless, the size measurement was not considered in our 
proposed criteria to classify scar type lesions, and it is discussed here solely to provide a 
better representation of the diversity of the scar lesions we have found with a reference for 
the measurement, which can be useful for comparative studies in other areas from Brazil 
and abroad.  

 
Size of lesion 
in diameter disk (dd)  

Size code (index)  
of retinal lesion 

Frequency of occurrence (n) 
of each lesion type 

0 – 0.5 1 A(3) B (17) C (35) 

0.6 – 1 2 A(7) B (9) C (1) 

1.1 – 1.5 3 A(2) B (6) C (0) 

1.6 – 2.0 4 A(3) B (2) C (0) 

Table 3. Frequency of the Size of Retinal/Retinochoroidal Scar Lesions of type A, type B and type C in 
the Retina 

The average age between groups did not differ statistically. The average age of patients 
presenting scar lesions of type A was 44 yrs and AC 52 yrs which are higher in comparison 
with the other types of lesions (type B, BC and ABC 29 yrs, type AB 32 yrs and type C 36 
yrs) and consistent with previous findings that have shown that age is an important factor 
for the severity of ocular toxoplasmosis [20]. Nevertheless, if we assume that the “atypical” 
hypermigmented scar lesions that were described to occur in T. gondii seropositive patients 
from Erechim [13] are the same type of type B scar lesion we describe for patients from 
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Campos, the data are similar regarding the age of the patients presenting those lesions, 
which were more common among younger patients (under 17 years of age) compared to older 
individuals [13]. This fact might indicate that type B scar lesions would be related to more 
recent infections. Unfortunately, age as a function of the type of scar lesion was not reported in 
the Santa Rita study [9]. We can conclude from the set of data presented and reported from 
other studies that the lack of a set of consensual criteria for scar lesions presumably caused by 
T. gondii infection may account, at least partially, for the differences in the reports of 
categorization/classification of toxoplasmic ocular prevalence observed in Brazil. 

3. Immunological parameters in the context of the diversity of 
retinal/retinochoroidal scar lesions from T. gondii seropositive patients  

T. gondii infection in both mice and humans is characterized by a host response with high 
levels of pro-inflammatory cytokines, such as interleukin 12 (IL-12), tumor necrosis factor 
(TNF)-α and interferon gamma (IFN- γ), all of which have been implicated in both the 
regulation of parasitic replication in the host as well as in the ocular pathology [11, 16, 21-
24]. The importance of the immune response of patients infected with T. gondii against the 
parasite has been recognized, together with other variables comprising the multifactorial 
nature of ocular toxoplasmosis. In this section, we present results from the in vitro 
parameters of the cellular immune response of T. gondii seropositive patients with and 
without ocular retinal/retinochoroidal scars and control groups of seronegative patients 
exposed to the same risk of infection, which involved the consumption of untreated water 
from wells or other natural water sources [1], against soluble antigens from T. gondii 
tachyzoite forms (STAg). Cytokines, chemokines, and isotypes of immunoglobulins have 
been evaluated in an effort to identify potential predictive factors for the development or 
prevention of ocular disease. All of the immunological parameters have been analyzed 
considering different groups of patients arranged according to the similarity in the 
retinal/retinochoroidal scar lesion group.  

A pro-inflammatory specific T helper 1 (Th-1) oriented response is observed mainly in 
groups of patients presenting retinochoroidal scar healed from severe lesions, which 
suggests that the exacerbation of the immune response can be related to tissue damage, and 
its attenuation/regulation may be related to the development of minor retinal damages. The 
central role of IFN- seems to be important in both cases, namely, in exacerbated and in the 
regulated context of in vitro cellular immune response, suggesting that the cellular immune 
responses against T. gondii in the eye should be suitably tailored  [11, 16, 21-23], as we shall 
see later. Other molecules and cells related to the regulation of secretion of IFN-γ include IL-
13, chemokines, isotypes of immunoglobulins, NK cells and T CD8 lymphocytes in relation 
to the development or prevention of development of toxoplasmic ocular pathology have 
also been investigated [11, 16, 21, 22]. The immunological parameters studied have also 
made way for the election of candidate genes to be investigated in studies of genetic 
association with ocular toxoplasmosis, as we shall see in the next section.  
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examination.. Table 3 shows the scar lesion types sizes that were categorized in 4 size 
ranges: 0 to 0.5 dd, 0.6 to 1 dd, 1.1 to 1.5 dd, and 1.6 to 2.0 dd. The four size ranges 
corresponded to a code/index number from 1 to 4, respectively, for the statistical analysis 
objective. The diameter of the optical disc of each subject was used as a parameter for 
determining the size of the scar lesions of the same person. There is no proportional 
relationship defined between the disc diameter and the arbitrary attributed code/index 
number. The frequency of occurrence by size of each of the 15 type A scar lesions, 34 type B 
and 36 type C scar lesions is shown in Table 3, where the three scar type sizes were 
compared in terms of the relationship between the type and the size range measured for the 
disc diameter (dd), as explained above. The type A scar lesions (healed from the most severe 
lesions) exhibited sizes significantly larger (median value = 2.2) p ≤ 0.001 than the type C 
scar lesions (median value = 1.0) but not significantly larger than type B scar lesions (median 
value =1.8), which are of middle severity in terms of retinal damage. A significant difference 
(p ≤ 0.001) relative to the size of the type B ocular scar lesions was also observed in 
comparison with type C scar lesions, which were on average smaller than type B lesions. It 
is important to mention that the age of the patient can influence the size of the optical nerve 
(diameter) [19], which can interfere with these types of measurements. However, the 
average age between groups did not differ statistically, and therefore this factor likely did 
not affect our evaluation. Nonetheless, the size measurement was not considered in our 
proposed criteria to classify scar type lesions, and it is discussed here solely to provide a 
better representation of the diversity of the scar lesions we have found with a reference for 
the measurement, which can be useful for comparative studies in other areas from Brazil 
and abroad.  

 
Size of lesion 
in diameter disk (dd)  

Size code (index)  
of retinal lesion 

Frequency of occurrence (n) 
of each lesion type 

0 – 0.5 1 A(3) B (17) C (35) 

0.6 – 1 2 A(7) B (9) C (1) 

1.1 – 1.5 3 A(2) B (6) C (0) 

1.6 – 2.0 4 A(3) B (2) C (0) 

Table 3. Frequency of the Size of Retinal/Retinochoroidal Scar Lesions of type A, type B and type C in 
the Retina 

The average age between groups did not differ statistically. The average age of patients 
presenting scar lesions of type A was 44 yrs and AC 52 yrs which are higher in comparison 
with the other types of lesions (type B, BC and ABC 29 yrs, type AB 32 yrs and type C 36 
yrs) and consistent with previous findings that have shown that age is an important factor 
for the severity of ocular toxoplasmosis [20]. Nevertheless, if we assume that the “atypical” 
hypermigmented scar lesions that were described to occur in T. gondii seropositive patients 
from Erechim [13] are the same type of type B scar lesion we describe for patients from 
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Campos, the data are similar regarding the age of the patients presenting those lesions, 
which were more common among younger patients (under 17 years of age) compared to older 
individuals [13]. This fact might indicate that type B scar lesions would be related to more 
recent infections. Unfortunately, age as a function of the type of scar lesion was not reported in 
the Santa Rita study [9]. We can conclude from the set of data presented and reported from 
other studies that the lack of a set of consensual criteria for scar lesions presumably caused by 
T. gondii infection may account, at least partially, for the differences in the reports of 
categorization/classification of toxoplasmic ocular prevalence observed in Brazil. 

3. Immunological parameters in the context of the diversity of 
retinal/retinochoroidal scar lesions from T. gondii seropositive patients  

T. gondii infection in both mice and humans is characterized by a host response with high 
levels of pro-inflammatory cytokines, such as interleukin 12 (IL-12), tumor necrosis factor 
(TNF)-α and interferon gamma (IFN- γ), all of which have been implicated in both the 
regulation of parasitic replication in the host as well as in the ocular pathology [11, 16, 21-
24]. The importance of the immune response of patients infected with T. gondii against the 
parasite has been recognized, together with other variables comprising the multifactorial 
nature of ocular toxoplasmosis. In this section, we present results from the in vitro 
parameters of the cellular immune response of T. gondii seropositive patients with and 
without ocular retinal/retinochoroidal scars and control groups of seronegative patients 
exposed to the same risk of infection, which involved the consumption of untreated water 
from wells or other natural water sources [1], against soluble antigens from T. gondii 
tachyzoite forms (STAg). Cytokines, chemokines, and isotypes of immunoglobulins have 
been evaluated in an effort to identify potential predictive factors for the development or 
prevention of ocular disease. All of the immunological parameters have been analyzed 
considering different groups of patients arranged according to the similarity in the 
retinal/retinochoroidal scar lesion group.  

A pro-inflammatory specific T helper 1 (Th-1) oriented response is observed mainly in 
groups of patients presenting retinochoroidal scar healed from severe lesions, which 
suggests that the exacerbation of the immune response can be related to tissue damage, and 
its attenuation/regulation may be related to the development of minor retinal damages. The 
central role of IFN- seems to be important in both cases, namely, in exacerbated and in the 
regulated context of in vitro cellular immune response, suggesting that the cellular immune 
responses against T. gondii in the eye should be suitably tailored  [11, 16, 21-23], as we shall 
see later. Other molecules and cells related to the regulation of secretion of IFN-γ include IL-
13, chemokines, isotypes of immunoglobulins, NK cells and T CD8 lymphocytes in relation 
to the development or prevention of development of toxoplasmic ocular pathology have 
also been investigated [11, 16, 21, 22]. The immunological parameters studied have also 
made way for the election of candidate genes to be investigated in studies of genetic 
association with ocular toxoplasmosis, as we shall see in the next section.  
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However, we have evaluated many immunological parameters we have chosen three to 
better illustrate the profile of the cellular immune response as a function of the type of scar 
lesion presented by patients. The first is IFN-, the prototype of Th-1 response that has been 
shown to be of vital importance for inducing anti-T. gondii effectors mechanisms to control 
the parasite replication in the host [25]. The second, IL-13, is a Th-2 cytokine whose 
functions overlap considerably with those of IL-4, and it is important for the control of the 
Th-1 response but that has not been well studied in toxoplasmosis. The third chemokine, 
CXCL 10 (interferon gamma-induced protein 10- IP-10), is secreted in response to IFN- 
stimulation. Recently, it was demonstrated in a murine model that treatment of chronically 
infected mice with anti-CXCL10 antibodies led to decreases in the numbers of CD3+, CD4+, 
and CD8+ T cells and the amount of IFN- mRNA expression in the retina and an increase in 
replicating parasites and ocular pathology, which provides evidence that the maintenance of 
the T-cell response and the control of T. gondii in the eye during chronic infection is 
dependent on CXCL10 [26]. Cytokines and chemokine measurements were carried out using 
supernatants collected from PBMC cultures stimulated with T. gondii antigens. The 
concentrations were determined by using the BD Cytometric Bead Array (CBA) human 
chemokine kit and Th1/Th2 cytokine kits and Human IL-13 Flex Set, according to the 
manufacturer's protocol (BD Pharmingen). 

Table 4 summarizes the individuals for which the specific immune response against T. 
gondii has been evaluated. The T. gondii serology and age range is provided. All the 
seronegative (SN) individuals, seropositive (SP) without ocular scar lesions (NL) and 
individuals with retinal or retinochoroidal scar lesions categorized as type A, type B or type 
C, as explained above, were sex- and age-matched among the groups. We observed that 
there was a similarity in terms of the profile of the in vitro immune response between 
patients who presented multiple scar type lesions and patients who presented single type A 
or B scar lesions, depending on which cytokine had been considered among the groups for 
comparison. Then immunological analysis, presented in Figure 3 and Figure 4, show the 
patients presenting multiple type scar lesions (AB, ABC, AC or BC) grouped in two different 
ways. This optional arrangement of patients, considering the multiple types of scar lesions, 
has helped us to propose three settings of immune responses that match the clinical 
presentation of ocular toxoplasmosis, which has been inferred in our studies by the 
morphological appearance of the retinal/retinochoroidal lesions. The reasoning behind the 
optional arrangements is related to the common presence of type B and type A scar lesions 
in two (AB and ABC) out of the four (AB, ABC, AC and BC) multiple type scar lesions. In 
Figure 3, they were grouped as follows: patients with AB, ABC and AC scar lesions are all 
included in the type A scar lesion group, which we considered the highest categorization in 
terms of tissue damage severity of scar lesion, and the patients presenting scar lesions of 
type BC were included in the group of type B scar lesions. The type C scar lesion group is 
composed of individuals presenting only type C scar lesions. 

Concerning to the cytokine and chemokine production, we observed two levels of 
production that are termed as high or low levels. As a consequence, individuals producing 
low or high levels of cytokines or chemokines are termed high or low cytokine/chemokine 
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producers. To calculate the frequency of high and low levels of production, an arbitrary cutoff 
value was established for each cytokine and chemokine based on the visual dispersion 
graphics, where it was possible to determine a dividing line that separated the secretion levels 
into two scattered clusters, one high and another low. The capability of producing low and 
high levels of IFN- is a phenotypic characteristic that is genetically associated with a single 
nucleotide polymorphism in the first intron of the human IFN- gene, as determined by 
Pravica and colleagues in 2000 [27].  The capability of producing low and high levels of IFN- 
can be observed in other infectious disease [28, 29]. The levels secreted by each patient that fell 
above the cutoff values were considered high values, and the levels that fell below the cutoff 
values were considered low values. The median value of the two cytokines IFN- and IL-13 
and the chemokine CXCL10 secretion was utilized to help to establish the exact numeric cutoff 
values to be used for each cytokine and chemokine: 29.58ng./mL, 194.12 pg/mL, and 113.72 
ng/mL for IFN-, IL-13 and CXCL10, respectively. Those median values refer to patients who 
presented type C scar lesions. This group was chosen because it exhibited the best spreading 
profile, producing two very clearly separated clusters corresponding to levels of high and low 
producers of the two cytokines and the chemokine that were evaluated. 
 

Groups 
Toxoplasmosis serology and 

scar lesion type 
n Mean Age (SE)1 

1 SN2 9 29.6 (5.2) 
2 SP3/NL4 21 28.8 (4.7) 
3 SP/type A5-6 18 35.5 (6.0) 
4 SP/type B5-6 21 27.5 (4.4) 
5 SP/type C5 20 31.7 (5.1) 

1 (SE) = standard error 
2 T. gondii-seronegative individuals (SN)  
3 T. gondii-seropositive individuals (SP) without ocular lesions 4(NL) 
5 T. gondii-seropositive individuals (SP) with  retinochoroidal/retinal scars lesions categorized as class type A, type B or 
type C.  
6 In the group of type A scar lesions, individuals with single type A scar lesions (N=4) and multiple scars lesions type 
AB (N=5), ABC (N=7) and AC (N=2) were also included, totaling the 18 individuals shown in the table. In the group of 
type B scar lesions, individuals with single type B lesions (N=14) and individuals with multiple scars lesions type BC 
(N=7) were included, totaling the 21 individuals shown in the table. 

Table 4. Groups of Individuals Involved in Immunological Studies According to Toxoplasma gondii 
Serology, Age and the Presence or Absence of Retinal/Retinochoroidal Scar Lesions. 

Figure 3 shows the frequency of IFN-, IL-13 and the chemokine CXCL 10 secretion, 
considering only patients who produced high levels of each cytokine, i.e., the high 
producers. The lowest frequency of high IFN- producers (43%) was observed in the group 
of patients with type B scar lesions even compared with patients presenting no lesions (SL) 
(52%), and the highest (61%) was observed in the group that presented type A scar lesions; 
50% of the patients with type C lesions presented high levels of IFN- production. However, 
for IL-13 production, we observed that the lowest frequency of high producers was 
observed among patients with type A (28%) scar lesions, in comparison with patients who 
presented no lesions (SL) (29%). The highest production levels were observed among 
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terms of tissue damage severity of scar lesion, and the patients presenting scar lesions of 
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value was established for each cytokine and chemokine based on the visual dispersion 
graphics, where it was possible to determine a dividing line that separated the secretion levels 
into two scattered clusters, one high and another low. The capability of producing low and 
high levels of IFN- is a phenotypic characteristic that is genetically associated with a single 
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ng/mL for IFN-, IL-13 and CXCL10, respectively. Those median values refer to patients who 
presented type C scar lesions. This group was chosen because it exhibited the best spreading 
profile, producing two very clearly separated clusters corresponding to levels of high and low 
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patients who presented type C scar lesions (50%); 30% of the patients with type B scar 
lesions presented high levels of IL-13 production. Curiously, for the CXCL 10 chemokine, 
which is inducible in response to IFN-, the highest frequency of high producers was 
observed among patients with type C scar lesions (53%), and the lowest frequency of high 
producers was observed among patients with type B scar lesions (21%), which is 
comparable to the frequency of high production observed in patients without ocular lesions 
(SL) (23%); 38% of patients with type A scar lesions were high producers of CXCL10. These 
data suggest that CXCL10 in humans can have the same role regarding T. gondii infection 
that it plays in mice: to control the numbers of CD3+, CD4+, and CD8+ T cells and the 
amount of IFN- mRNA expression in the retina and, in consequence, the replication of 
parasites in the eye during the chronic phase of T. gondii infection [26]. In addition, it is 
evident that patients who present type C scar lesions secrete high levels of IL-13, a cytokine 
that can control the levels of pro-inflammatory cytokines without affecting IFN- secretion 
within the eye, as shown in experimental models. The role of IL-13 was shown to inhibit 
pro-inflammatory cytokines, with the exception of IFN-, within the eye in a model of 
endotoxin-induced uveitis (EIU) in the Lewis rats. Intraocular injection of IL-13 
significantly inhibited the production of pro-inflammatory cytokines and resulted in less 
intense ocular inflammation without down-regulating the levels of local IFN- [30]. In 
addition, the induced auto-immune uveitis with human retinal S-antigen in monkeys was 
treated with human recombinant IL-13 [31]. The injection of IL-13 significantly inhibited 
the inflammation in the eyes where the disease was present when the treatment was 
initiated. The beneficial effect of IL-13 extended into the 4-week follow-up period; 
however, after cessation of therapy, there was a progressive increase of inflammation in 
the IL-13 treated group. Nevertheless, the authors concluded that attention should be paid 
to the promising modality of treatment for severe uveitis with IL-13 [31]. The profile of 
the immune response against T. gondii exhibited by patients who presented type C scar 
lesions is suggestive of a favorable inflammatory environment within the eye for the 
maintenance of a controlled response to prevent both parasite growth and tissue damage, 
which could be caused by the parasite growth itself and/or may be a consequence of an 
exacerbated immune response against the parasite. In this context, it is important to 
highlight the fundamental importance that has been demonstrated for the role of IFN- in 
toxoplasmosis [25]. 

IFN- can induce tryptophan degradation, which is critical to the parasite’s survival [32]. 
The effects of interferon on multiplication of T. gondii in in vitro systems seem to be 
dependent on cell type, and a diversity of molecular mechanisms is evident depending on 
the cell type or system. It has been shown in neuronal tissues and cells that nitric oxide (NO) 
production is an important factor for parasite growth inhibition [33]. However, parasite 
growth inhibition was found to be independent of a nitric oxide-mediated or tryptophan 
starvation mechanism [34]. The control of parasite interconversion between tachyzoites and 
bradyzoites in the eye is also fundamentally dependent on IFN- [35]. Furthermore, in 
primary cultures of human retinal pigment cells (HRPE), T. gondii replication was inhibited 
by the induction of indoleamine 2,3-dioxygenase (IDO), which degrades tryptophan to 
kynurenine. However, nitric oxide production was not detected in this system [36]. 
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Figure 3. Frequency of high IFN-γ IL-13 and CXCL10 (IP-10) producers, which were grouped according to 
the type of scar lesion, as shown in Table 4. The frequency of non-infected seronegative individuals (SN) is 
not shown because in none of them PBMC produced high levels of IFN-gamma, IL-13 and or CXCL10 (IP-
10) under stimulation with soluble T. gondii antigens (STAg). The exact Fisher’s test was used to compare 
the groups in terms of the differences in the frequencies of high cytokines/chemokine producers. 
Significances were found at the levels of * p< 0.05, ** p< 0.01 and *** p< 0.001. Significant differences were 
found between type A and type B scar lesions for IFN-γ production (* p< 0.05), between type C and all the 
other types of scars lesions regarding IL-13 secretion, and between type C and all the other types of scars 
lesions groups for CXCL10 (IP-10). The data regarding PBMC IFN-, IL-13 and CXCL10 from non-infected 
(SN) individuals in response to T. gondii soluble antigens is not shown because none of those patients 
produced high levels of those cytokines or chemokine. 

Based on fundoscopic examinations, type C scar lesions seem to be areas of RPE hyperplasia 
or atrophy. However, they must to be better characterized by new high-resolution cross-
sectional imaging of the retinal tissues (such as using spectral domain optical coherence 
tomography) in order to better clarify their structural changes in the retinal layers. As 
mentioned earlier some aspects showed here led us to accept the relationship between type 
C scar lesions and T. gondii infection one of them is the profile of cellular specific immune 
response of patients who present only type C scar lesions, which is concomitantly abundant 
for IFN-, IL-13 and CXCL10. The reproduction of this type of scar lesion in experimental 
models would be of value to better understand their meaning in ocular toxoplasmosis. 
Because we have been working in a highly endemic area to toxoplasmosis and the majority 
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patients who presented type C scar lesions (50%); 30% of the patients with type B scar 
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comparable to the frequency of high production observed in patients without ocular lesions 
(SL) (23%); 38% of patients with type A scar lesions were high producers of CXCL10. These 
data suggest that CXCL10 in humans can have the same role regarding T. gondii infection 
that it plays in mice: to control the numbers of CD3+, CD4+, and CD8+ T cells and the 
amount of IFN- mRNA expression in the retina and, in consequence, the replication of 
parasites in the eye during the chronic phase of T. gondii infection [26]. In addition, it is 
evident that patients who present type C scar lesions secrete high levels of IL-13, a cytokine 
that can control the levels of pro-inflammatory cytokines without affecting IFN- secretion 
within the eye, as shown in experimental models. The role of IL-13 was shown to inhibit 
pro-inflammatory cytokines, with the exception of IFN-, within the eye in a model of 
endotoxin-induced uveitis (EIU) in the Lewis rats. Intraocular injection of IL-13 
significantly inhibited the production of pro-inflammatory cytokines and resulted in less 
intense ocular inflammation without down-regulating the levels of local IFN- [30]. In 
addition, the induced auto-immune uveitis with human retinal S-antigen in monkeys was 
treated with human recombinant IL-13 [31]. The injection of IL-13 significantly inhibited 
the inflammation in the eyes where the disease was present when the treatment was 
initiated. The beneficial effect of IL-13 extended into the 4-week follow-up period; 
however, after cessation of therapy, there was a progressive increase of inflammation in 
the IL-13 treated group. Nevertheless, the authors concluded that attention should be paid 
to the promising modality of treatment for severe uveitis with IL-13 [31]. The profile of 
the immune response against T. gondii exhibited by patients who presented type C scar 
lesions is suggestive of a favorable inflammatory environment within the eye for the 
maintenance of a controlled response to prevent both parasite growth and tissue damage, 
which could be caused by the parasite growth itself and/or may be a consequence of an 
exacerbated immune response against the parasite. In this context, it is important to 
highlight the fundamental importance that has been demonstrated for the role of IFN- in 
toxoplasmosis [25]. 

IFN- can induce tryptophan degradation, which is critical to the parasite’s survival [32]. 
The effects of interferon on multiplication of T. gondii in in vitro systems seem to be 
dependent on cell type, and a diversity of molecular mechanisms is evident depending on 
the cell type or system. It has been shown in neuronal tissues and cells that nitric oxide (NO) 
production is an important factor for parasite growth inhibition [33]. However, parasite 
growth inhibition was found to be independent of a nitric oxide-mediated or tryptophan 
starvation mechanism [34]. The control of parasite interconversion between tachyzoites and 
bradyzoites in the eye is also fundamentally dependent on IFN- [35]. Furthermore, in 
primary cultures of human retinal pigment cells (HRPE), T. gondii replication was inhibited 
by the induction of indoleamine 2,3-dioxygenase (IDO), which degrades tryptophan to 
kynurenine. However, nitric oxide production was not detected in this system [36]. 
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of the population is T. gondii seropositive, we cannot rule out the possibility of an 
association between the type C scar lesions and other infectious or non-infectious conditions 
whose natures could be genetically predisposed and prevalent in the Campos population.   

As stated previously, patients were grouped in an optional way. Those presenting only type 
A scar lesions comprised a distinct group, taking into account the possibility that in patients 
presenting only type A scar lesions, the course of the immune response could be different 
from that which occurred in patients who presented multiple type scar lesions. There are 
rational and intuitive aspects to this arrangement that are related to various factors, like the 
tendency for the production of higher IFN- levels of in PBMC cultures of patients who 
present only type A scar lesions in response to parasitic antigens and the clinical observation 
that some patients can present type A scar lesions soon after an episode of acute ocular 
toxoplasmosis without a previous history of ocular toxoplasmosis. However, some patients 
present a slower evolution, from mild to severe scar lesions, as described by Silveira and 
associates in a well documented report [13]. As previously stated in this chapter, this 
observation concerns the evolution of hyperpigmented “atypical” toxoplasmic retinal scar 
lesions (similar in appearance to the type B toxoplasmic scar lesions that we have described) 
evolving to “typical” toxoplasmic retinochoroidal lesions (similar in appearance to the type 
A toxoplasmic scar lesions that we have described). Then for the analysis of the immune 
response as a function of the clinical presentation of ocular toxoplasmosis inferred by the 
morphological appearance of the retinal/retinochoroidal scar lesions, the patients were 
optionally arranged into three groups as follows: i) patients presenting only type A scar 
lesions; ii) patients presenting only type B scar lesions plus patients presenting all the 
multiple type scar lesions (AB + ABC + AC + BC); and iii) patients presenting only type C 
scar lesions. Figure 4 summarizes the in vitro parameters of the cellular immune response 
against T. gondii antigens by PBMC of patients in the context of the retinal/retinochoroidal 
lesions considering the three groups of type A, type C and type B plus the multiple type scar 
lesions. Similarly, as shown in Figure 3, considering the profiles of the frequency of high 
IFN-, IL-13 and CXCL10 production by PBMC of patients stimulated with T. gondii soluble  
antigens (STAg), we identified three possible settings of the immune response that can be 
associated with the type of scar lesion. As shown in Figure 4 the Platonic solid octahedron is 
suitable for representing the diversity of scar lesions as a function of the three settings of 
immune responses. On the two edges are the polar scar lesions, type A and type C. In the 
top is the type A scar, which is caused by the most severe type of lesion, and in the bottom is 
the type C scar that likely resulted from a less severe lesions type. Both types of scar lesions 
respectively correlate with the setting of an exacerbated and an adequately regulated Th-1 
response. In the four central vertices are type B scar lesions and the multiple type scar 
lesions AB, AC and BC, and in the center of the octahedron is the multiple type scar lesion 
ABC, all of which correlate with the setting of an immune response characterized by lower 
levels of Th-1 (IFN- and CXCL10) and Th-2 (IL-13) compared with type A and C scar 
lesions. Taking into account this fact, it is possible that other T cells subtypes, such as Th-17, 
for instance, can be important in this setting. Reinforcing this supposition is the fact that we 
have observed recent associations of ocular toxoplasmosis and polymorphisms in the NOD2 
(nucleotide-binding oligomerization domain-containing protein 2) gene and increased IL-
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17A production by PBMC under T. gondii antigenic stimulation in patients with chronic or 
active ocular toxoplasmosis [37]. This fact could explain the lower levels of IL-13, IFN- and 
CXCL10 observed for patients who present type B and multiple type scar lesions. However, 
we have not analyzed patients considering their type of scar lesion groups for the 
mentioned genetic association study due to sample size restrictions, and the genetic 
association found for NOD2 refers to the presence of ocular scar lesions without precisely 
identifying what type of scar lesion it could be.  

 
Figure 4. A Diagram representing retinal/retinochoroidal toxoplasmic scar lesions, as a function of three 
different settings of cellular immune response. The platonic solid octahedron in the center is suitable for 
representing the diversity of scar lesions as a function of the three settings of immune response. On the two 
edges are the type A (at the top) and type C (at the bottom) scar lesions. In the four central vertices of 
octahedron are represented the type B scar lesion and the multiple type scar lesions AB, AC and BC, and in 
the center is a multiple type scar lesion of type ABC. The dotted and solid arrows denote the possible 
evolution of one type of scar lesion toward another type of lesion of greater severity. Not all possibilities of 
evolution are shown in the picture. The frequencies of IFN-,  
IL-13 and CXCL10 (IP-10) high-responders that are shown in the graphics at right define the three settings 
of the immune response shown at left. Each of the three settings correlates with each of the three groups: 
with the scar lesions of the type A at the edge, with the scar lesion of type C at the bottom, or with the type 
B scar lesion plus all the multiple type lesions. The blue arrows shown in the settings denote the levels of 
cytokines and chemokine, as shown in the figure. The scar lesion types are represented by colored circles, 
as explained in the figure. 

The data regarding PBMC IFN-, IL-13 and CXCL10 from non-infected (SN) individuals in 
response to T. gondii soluble antigens is not shown in Figure 3 and Figure 4 because none of 
those patients produced high levels of the cytokines or chemokine in question. In 
conclusion, elements from the cellular immune response, evaluated in PBMC cultures of 
population-based studies evidence that the morphological aspects of retinal/retinochoroidal 
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of the population is T. gondii seropositive, we cannot rule out the possibility of an 
association between the type C scar lesions and other infectious or non-infectious conditions 
whose natures could be genetically predisposed and prevalent in the Campos population.   

As stated previously, patients were grouped in an optional way. Those presenting only type 
A scar lesions comprised a distinct group, taking into account the possibility that in patients 
presenting only type A scar lesions, the course of the immune response could be different 
from that which occurred in patients who presented multiple type scar lesions. There are 
rational and intuitive aspects to this arrangement that are related to various factors, like the 
tendency for the production of higher IFN- levels of in PBMC cultures of patients who 
present only type A scar lesions in response to parasitic antigens and the clinical observation 
that some patients can present type A scar lesions soon after an episode of acute ocular 
toxoplasmosis without a previous history of ocular toxoplasmosis. However, some patients 
present a slower evolution, from mild to severe scar lesions, as described by Silveira and 
associates in a well documented report [13]. As previously stated in this chapter, this 
observation concerns the evolution of hyperpigmented “atypical” toxoplasmic retinal scar 
lesions (similar in appearance to the type B toxoplasmic scar lesions that we have described) 
evolving to “typical” toxoplasmic retinochoroidal lesions (similar in appearance to the type 
A toxoplasmic scar lesions that we have described). Then for the analysis of the immune 
response as a function of the clinical presentation of ocular toxoplasmosis inferred by the 
morphological appearance of the retinal/retinochoroidal scar lesions, the patients were 
optionally arranged into three groups as follows: i) patients presenting only type A scar 
lesions; ii) patients presenting only type B scar lesions plus patients presenting all the 
multiple type scar lesions (AB + ABC + AC + BC); and iii) patients presenting only type C 
scar lesions. Figure 4 summarizes the in vitro parameters of the cellular immune response 
against T. gondii antigens by PBMC of patients in the context of the retinal/retinochoroidal 
lesions considering the three groups of type A, type C and type B plus the multiple type scar 
lesions. Similarly, as shown in Figure 3, considering the profiles of the frequency of high 
IFN-, IL-13 and CXCL10 production by PBMC of patients stimulated with T. gondii soluble  
antigens (STAg), we identified three possible settings of the immune response that can be 
associated with the type of scar lesion. As shown in Figure 4 the Platonic solid octahedron is 
suitable for representing the diversity of scar lesions as a function of the three settings of 
immune responses. On the two edges are the polar scar lesions, type A and type C. In the 
top is the type A scar, which is caused by the most severe type of lesion, and in the bottom is 
the type C scar that likely resulted from a less severe lesions type. Both types of scar lesions 
respectively correlate with the setting of an exacerbated and an adequately regulated Th-1 
response. In the four central vertices are type B scar lesions and the multiple type scar 
lesions AB, AC and BC, and in the center of the octahedron is the multiple type scar lesion 
ABC, all of which correlate with the setting of an immune response characterized by lower 
levels of Th-1 (IFN- and CXCL10) and Th-2 (IL-13) compared with type A and C scar 
lesions. Taking into account this fact, it is possible that other T cells subtypes, such as Th-17, 
for instance, can be important in this setting. Reinforcing this supposition is the fact that we 
have observed recent associations of ocular toxoplasmosis and polymorphisms in the NOD2 
(nucleotide-binding oligomerization domain-containing protein 2) gene and increased IL-
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17A production by PBMC under T. gondii antigenic stimulation in patients with chronic or 
active ocular toxoplasmosis [37]. This fact could explain the lower levels of IL-13, IFN- and 
CXCL10 observed for patients who present type B and multiple type scar lesions. However, 
we have not analyzed patients considering their type of scar lesion groups for the 
mentioned genetic association study due to sample size restrictions, and the genetic 
association found for NOD2 refers to the presence of ocular scar lesions without precisely 
identifying what type of scar lesion it could be.  

 
Figure 4. A Diagram representing retinal/retinochoroidal toxoplasmic scar lesions, as a function of three 
different settings of cellular immune response. The platonic solid octahedron in the center is suitable for 
representing the diversity of scar lesions as a function of the three settings of immune response. On the two 
edges are the type A (at the top) and type C (at the bottom) scar lesions. In the four central vertices of 
octahedron are represented the type B scar lesion and the multiple type scar lesions AB, AC and BC, and in 
the center is a multiple type scar lesion of type ABC. The dotted and solid arrows denote the possible 
evolution of one type of scar lesion toward another type of lesion of greater severity. Not all possibilities of 
evolution are shown in the picture. The frequencies of IFN-,  
IL-13 and CXCL10 (IP-10) high-responders that are shown in the graphics at right define the three settings 
of the immune response shown at left. Each of the three settings correlates with each of the three groups: 
with the scar lesions of the type A at the edge, with the scar lesion of type C at the bottom, or with the type 
B scar lesion plus all the multiple type lesions. The blue arrows shown in the settings denote the levels of 
cytokines and chemokine, as shown in the figure. The scar lesion types are represented by colored circles, 
as explained in the figure. 

The data regarding PBMC IFN-, IL-13 and CXCL10 from non-infected (SN) individuals in 
response to T. gondii soluble antigens is not shown in Figure 3 and Figure 4 because none of 
those patients produced high levels of the cytokines or chemokine in question. In 
conclusion, elements from the cellular immune response, evaluated in PBMC cultures of 
population-based studies evidence that the morphological aspects of retinal/retinochoroidal 
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scar lesions can be associated with three settings of immune response in areas of high 
prevalence of ocular toxoplasmosis. The three settings are i) a Th-1 prominent response with 
high levels of IFN-, moderate to low levels of CXCL10 and low levels of IL-13, which relate 
to single type A scar lesions that are healed from the most severe toxoplasmic ocular lesions; 
ii) a cellular response with moderate to low levels of IFN-  and IL-13 and low levels of 
CXCL10, which relate to multiple type and type B scar lesions; and iii) a sharply regulated 
Th-1 response with moderate to high levels of CXCL 10 and IL-13 and moderate levels of 
IFN-, which relate to type C scar lesions and could protect against tissue damage due to 
parasite replication within the eye.  

4. Ocular toxoplasmosis in association with other infectious diseases: 
Could this impact the clinical presentations of toxoplasmic scar lesions in 
population-based surveys? 

The interaction with other pathogens co-infecting T. gondii seropositive patients will depend 
on their exposure to such eventually co-prevalent parasites in the same area and on the type 
of immune response driven against them. The disease manifestation of T. gondii infected 
patients who become infected with HIV exemplify well this type of interaction and 
modification on the clinical presentation of ocular toxoplasmosis in the face of concomitant 
infections [3]. 

The scar lesions left by healed uveitis caused by T. gondii infections result from the previous 
process of uveal inflammation, which they have in common with other infectious and non-
infectious agents that also cause uveitis, the possibility to compromise the iris, the cilliary 
body, the choroid adjacent structures of the eye including the vitreous, the retina and the 
optic disc.  In this context, the thesis dedicated to this specific issue entitled “Infectious 
uveitis new developments in etiology and pathogenesis” from De Visser [38] underlines the 
necessity in clinical practice to have the support of laboratory data for the confirmation of a 
suspected diagnosis, as similar clinical features may be caused by different pathogens. The 
prompt identification of infectious uveitis entities is of vital importance for treatment 
regimens and visual prognoses of intraocular infections, and differ completely from non-
infectious disorders treatments.  

The thesis also reports on the similarity between retinal/retinochoroidal scar lesions left by 
Rubella eye infection and those left by ocular toxoplasmosis in a well-documented 
retrospective study. The clinical presentations of the focal retinal scars in 11 patients with 
intraocular proof of Rubella virus and in 17 patients with intraocular proof of T. gondii 
infection are compared. Photographic and angiographic records of the 28 patients were 
masked for identification and for infectious agent and were evaluated by four specialists in 
the field of ocular toxoplasmosis. It is reported that no differences were observed between 
the retinochoroidal scar lesions in Rubella virus-positive and T. gondii-positive patients. 
Retinochoroidal scar lesions were considered consistent with the diagnosis of ocular 
toxoplasmosis in 55% of Rubella virus-positive patients and in 88% of T. gondii-positive 
patients by at least three out of the four experts. According to the author of the thesis, two 
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experts considered the retinal lesions in T. gondii-positive patients more frequently 
“consistent with the diagnosis of ocular toxoplasmosis” (P = .010 and P = 0.011). There was a 
substantial agreement between the four experts (Fleiss’ Kappa = 0.623) [38]. 

We cannot rule out the fact that none of the patients have been considered as cases of ocular 
toxoplasmosis in the Campos dos Goytacazes surveys or in surveys from other parts of 
Brazil, as scar lesions left from Rubella virus infection as opposed to T. gondii ocular 
infection were present in their eyes. However, we have to take into account that  Rubella 
was a highly prevalent virus worldwide, including in Brazil, and it is probable that if ocular 
lesions left by Rubella infection were as frequent as in toxoplasmosis, such lesions would 
already have been described as a causative entity of uveitis with epidemiologic importance. 
Rubella virus-caused lesions currently no longer occur due to the vaccination program 
against Rubella virus that was undertaken in many countries, including in Brazil where it 
was introduced 15 years ago.  Hence, despite the clinical relevance of the similarity between 
the Rubella virus- caused lesions and toxoplasma retinal/retinochoroidal scar lesions, we 
believe that from an epidemiologic perspective, this similarity is not relevant. However, 
these data reinforce that the search for parameters, other than the morphological and 
serological, for classifying retinal/retinochoroidal scar lesions presumably caused by T. 
gondii infections should be pursued. Parameters of cellular specific immune response or the 
genotyping of candidate genes with the potential to differentiate between infectious agents 
that produce similar ocular lesions could be of help for disease management.   

We have reported recently in Campos that the host immune response to T. gondii and Ascaris 
lumbricoides evidence co-immune modulation properties that can influence the outcome of 
both infections. One of the most impressive aspect of the immune response of co-infected 
individuals is the prominent specific secretion of IL-13 against Ascaris and T. gondii antigens 
by PBMC of patients who present type C scar lesions in addition to middle to high secretion 
levels of IFN- [11]. This aspect of the immune response seems to be important for the 
control of the parasite retinal replication and most likely for the maintenance of an 
equilibrated T. gondii load and the interconversion of tachyzoites and bradyzoites in the eye 
tissues. T. gondii and A. lumbricoides are both parasites that infect hosts orally; however, they 
elicit polar type I or type II host responses, respectively. Because both parasites are endemic 
in tropical areas, it is likely that co-infections with these organisms have been common 
throughout human evolution. If this is the case, then the host immune response mounted 
against both parasites may have adapted to permit such co-parasitism. The possibility of A. 
lumbricoides to produce some type of ocular scar lesion in humans seems not to be of 
epidemiologic importance, as we have not detected ocular scar lesions in patients 
seronegative to T. gondii and positive to A. lumbricoides in our surveys.  

The recent adoption of massive anti-helminthic treatments for people living in poor 
communities as a measure of public health policy has made difficult the research on 
individuals co-infected with A. lumbricoides and T. gondii in Campos dos Goytacazes as well 
as in other parts of Brazil. For this reason, we have begun to work with an experimental 
model of co-infection with T. gondii and Heligmosomoides polygyrus, which has been shown as 
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scar lesions can be associated with three settings of immune response in areas of high 
prevalence of ocular toxoplasmosis. The three settings are i) a Th-1 prominent response with 
high levels of IFN-, moderate to low levels of CXCL10 and low levels of IL-13, which relate 
to single type A scar lesions that are healed from the most severe toxoplasmic ocular lesions; 
ii) a cellular response with moderate to low levels of IFN-  and IL-13 and low levels of 
CXCL10, which relate to multiple type and type B scar lesions; and iii) a sharply regulated 
Th-1 response with moderate to high levels of CXCL 10 and IL-13 and moderate levels of 
IFN-, which relate to type C scar lesions and could protect against tissue damage due to 
parasite replication within the eye.  

4. Ocular toxoplasmosis in association with other infectious diseases: 
Could this impact the clinical presentations of toxoplasmic scar lesions in 
population-based surveys? 

The interaction with other pathogens co-infecting T. gondii seropositive patients will depend 
on their exposure to such eventually co-prevalent parasites in the same area and on the type 
of immune response driven against them. The disease manifestation of T. gondii infected 
patients who become infected with HIV exemplify well this type of interaction and 
modification on the clinical presentation of ocular toxoplasmosis in the face of concomitant 
infections [3]. 

The scar lesions left by healed uveitis caused by T. gondii infections result from the previous 
process of uveal inflammation, which they have in common with other infectious and non-
infectious agents that also cause uveitis, the possibility to compromise the iris, the cilliary 
body, the choroid adjacent structures of the eye including the vitreous, the retina and the 
optic disc.  In this context, the thesis dedicated to this specific issue entitled “Infectious 
uveitis new developments in etiology and pathogenesis” from De Visser [38] underlines the 
necessity in clinical practice to have the support of laboratory data for the confirmation of a 
suspected diagnosis, as similar clinical features may be caused by different pathogens. The 
prompt identification of infectious uveitis entities is of vital importance for treatment 
regimens and visual prognoses of intraocular infections, and differ completely from non-
infectious disorders treatments.  

The thesis also reports on the similarity between retinal/retinochoroidal scar lesions left by 
Rubella eye infection and those left by ocular toxoplasmosis in a well-documented 
retrospective study. The clinical presentations of the focal retinal scars in 11 patients with 
intraocular proof of Rubella virus and in 17 patients with intraocular proof of T. gondii 
infection are compared. Photographic and angiographic records of the 28 patients were 
masked for identification and for infectious agent and were evaluated by four specialists in 
the field of ocular toxoplasmosis. It is reported that no differences were observed between 
the retinochoroidal scar lesions in Rubella virus-positive and T. gondii-positive patients. 
Retinochoroidal scar lesions were considered consistent with the diagnosis of ocular 
toxoplasmosis in 55% of Rubella virus-positive patients and in 88% of T. gondii-positive 
patients by at least three out of the four experts. According to the author of the thesis, two 
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experts considered the retinal lesions in T. gondii-positive patients more frequently 
“consistent with the diagnosis of ocular toxoplasmosis” (P = .010 and P = 0.011). There was a 
substantial agreement between the four experts (Fleiss’ Kappa = 0.623) [38]. 

We cannot rule out the fact that none of the patients have been considered as cases of ocular 
toxoplasmosis in the Campos dos Goytacazes surveys or in surveys from other parts of 
Brazil, as scar lesions left from Rubella virus infection as opposed to T. gondii ocular 
infection were present in their eyes. However, we have to take into account that  Rubella 
was a highly prevalent virus worldwide, including in Brazil, and it is probable that if ocular 
lesions left by Rubella infection were as frequent as in toxoplasmosis, such lesions would 
already have been described as a causative entity of uveitis with epidemiologic importance. 
Rubella virus-caused lesions currently no longer occur due to the vaccination program 
against Rubella virus that was undertaken in many countries, including in Brazil where it 
was introduced 15 years ago.  Hence, despite the clinical relevance of the similarity between 
the Rubella virus- caused lesions and toxoplasma retinal/retinochoroidal scar lesions, we 
believe that from an epidemiologic perspective, this similarity is not relevant. However, 
these data reinforce that the search for parameters, other than the morphological and 
serological, for classifying retinal/retinochoroidal scar lesions presumably caused by T. 
gondii infections should be pursued. Parameters of cellular specific immune response or the 
genotyping of candidate genes with the potential to differentiate between infectious agents 
that produce similar ocular lesions could be of help for disease management.   

We have reported recently in Campos that the host immune response to T. gondii and Ascaris 
lumbricoides evidence co-immune modulation properties that can influence the outcome of 
both infections. One of the most impressive aspect of the immune response of co-infected 
individuals is the prominent specific secretion of IL-13 against Ascaris and T. gondii antigens 
by PBMC of patients who present type C scar lesions in addition to middle to high secretion 
levels of IFN- [11]. This aspect of the immune response seems to be important for the 
control of the parasite retinal replication and most likely for the maintenance of an 
equilibrated T. gondii load and the interconversion of tachyzoites and bradyzoites in the eye 
tissues. T. gondii and A. lumbricoides are both parasites that infect hosts orally; however, they 
elicit polar type I or type II host responses, respectively. Because both parasites are endemic 
in tropical areas, it is likely that co-infections with these organisms have been common 
throughout human evolution. If this is the case, then the host immune response mounted 
against both parasites may have adapted to permit such co-parasitism. The possibility of A. 
lumbricoides to produce some type of ocular scar lesion in humans seems not to be of 
epidemiologic importance, as we have not detected ocular scar lesions in patients 
seronegative to T. gondii and positive to A. lumbricoides in our surveys.  

The recent adoption of massive anti-helminthic treatments for people living in poor 
communities as a measure of public health policy has made difficult the research on 
individuals co-infected with A. lumbricoides and T. gondii in Campos dos Goytacazes as well 
as in other parts of Brazil. For this reason, we have begun to work with an experimental 
model of co-infection with T. gondii and Heligmosomoides polygyrus, which has been shown as 
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valid model for studying parasites that evoke polar Th-1 and Th-2 in mice. H. polygyrus is a 
gastrointestinal worm, a natural parasite to mice, which evokes a polarized Th2 response in 
the host and blocks the type 1 immune response [39, 40]. It has been shown that a previous 
infection with the helminth can inhibit the development of CD8 T-cell immune response 
against T. gondii, thus compromising long-term protection against a protozoan parasite [41], 
which illustrates the adequacy of the model for studying the interaction between helminthic 
and T. gondii infections. 

5. Immunogenetic studies: Candidate genes on ocular toxoplasmosis 

Studies on genetic association in human toxoplasmosis in the past have provided evidence 
of associations between human leukocyte antigen (HLA) genes with the susceptibility to 
toxoplasmic encephalitis in AIDS patients (42)  and with the outcome of congenital 
toxoplasmosis [43]. However, no causal relationships have been proven so far. We have 
conducted genetic association studies of candidate genes which potentially influence the 
profile of the inflammatory response against T. gondii (17, 18, 37) in patients with ocular 
toxoplasmosis by means of single  nucleotide polymorphisms  (SNPs) analysis. Significant 
associations between genetic polymorphisms and ocular disease in family-based studies have 
been found for Toll-like receptor-9, (TLR-9) [17], P2X7 purinoceptor 7 (P2RX7) [18] and 
nucleotide-binding oligomerization domain-containing protein 2 (NOD2) [37] genes. These 
studies are currently being expanded to be replicated into population     n-based 
investigational projects. All of these genes are related to innate immunity and have been 
described in processes of inflammasome assembly, which plays an important role in 
processing IL-1 beta and other IL-1 beta cytokine family member (IL-18, IL-33) precursors in 
active cytokines, promoting a pro-inflammatory response [44].The SNPs rs352140 at TLR-9 and 
rs3135499 at NOD2 were statistically significantly associated with the manifestation of ocular 
toxoplasmosis [17, 37] while the absence of the SNP rs1718119 at P2RX7 was strongly 
associated with protection to ocular disease manifestation [18] as we shall see in detail.    

The product of the P2RX7 belongs to the family of purinoceptors for ATP, 595 amino acids 
in length and highly polymorphic. The relative amount of P2X7 function varies between 
human individuals because of the numerous single nucleotide polymorphisms; 
combinations of these polymorphisms give rise to various haplotypes that can modify P2X7 
function and result in either loss or gain of function [45]. Splice isoforms that can alter 
receptor expression and function and modify the signaling properties downstream of 
receptor have also been described [45]. 

The receptor functions as a ligand-gated ion channel and is responsible for ATP-dependent 
lysis of macrophages by means of the formation of membrane pores that are permeable to 
large molecules. The receptor P2X7 functions as a pro-inflammatory receptor in cells of the 
monocyte/macrophage lineage and is activated by extracellular ATP released from a variety 
of cellular sources including platelets and damaged cells [46] Its expression is up-regulated 
by IFN-γ and can lead directly to the killing of intracellular pathogens including T. gondii 
[46, 47]. P2X7 stimulates inflammasome activation and secretion of IL-1β [48]. 
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Polymorphisms at the P2RX7 have been investigated in a cooperative immunogenetic study 
involving patients from United State and Campos dos Goytacazes in Brazil. The studies 
comprised 149 child in 149 child/parent trios from North America and 60 families with 68 
affected with postnatal ocular toxoplasmosis offspring in Brazil [18]. For the United states 
casuistic, an association between the derived C(+)G(−) allele and a second synonymous 
variant rs1621388 in linkage disequilibrium with it; and clinical signs of disease per se. were 
observed . Analysis of clinical sub-groups showed associations with retinal disease and 
brain calcifications (OR=3.0 to 4.25; 0.004<P<0.009). The association with toxoplasmic 
retinochoroiditis was replicated in a family-based study from Campos dos Goytacazes (60 
families; 68 affected offspring), where the ancestral T(+) allele (f= 0.296) at SNP rs1718119 
which contains the Ala-348 to Thr polymorphism was strongly protective (OR= 0.27; 95% CI: 
0.09–0.80) [18]. This last association at SNP rs1718119 was recently replicated in a case-
control study with 361 non-related individuals. The study confirmed the protective 
association of the T(+) allele (f= 0.296) (OR =0,3; 95% CI: 0,15-0,59 chi-square value = 13,53 p 
corrected for multiple comparisons = 0.0132) for patients with type B scar lesions [49]  

The SNPs at the P2RX7 may be associated with a gain or loss of function of the receptor. 
Data from Stokes and colleagues [50] showed the gain of function for P2X7 haplotypes 
carrying rs1718119 SNP, which matches our recent case-control data that confirmed a strong 
protection due to the ancestral allele T(+) for the P2RX7 associated with the development of 
ocular disease. Therefore, it is reasonable to speculate that the ancestral allele (that do not 
carry the rs1718119 SNP and do not contain the Ala-348 to Thr polymorphism) would help 
to protect against an exacerbated immune response as a consequence of the gain of function 
conferred by the rs1718119 SNP, which would lead to an immune response with high levels 
of pro-inflammatory cytokines, such as IL-1 β and IFN-, and could contribute to retinal 
tissue damage. Our data provides evidence that the Th-1 specific immune response is 
centered in the IFN- secretion by PBMC of patients with the different types of 
retinal/retinochoroidal scar lesions, which also reinforces the supposition that an 
exacerbated immune response in an environment with prolonged inflammatory mediators 
can contribute to retinal/retinochoroidal damage. 

Albuquerque and colleagues described an association between the IFN- +874T/A gene 
polymorphism with toxoplasmic retinochoroiditis susceptibility [51]. This study is related to 
the Santa Rita (Barra Mansa) casuistic, as described previously in this chapter. The authors 
found that AA homozygous individuals showed a 1.62-fold higher risk than other geno-
types (AT and TT) for developing toxoplasmic retinochoroiditis [51]. Regarding the IFN- 
+874T/A gene polymorphism, it was demonstrated that the polymorphism is linked to high 
and low producer phenotypes [27, 28] and the genotype AA is associated with the 
phenotype for low IFN- capacity of production in contrast to the AT or TT genotypes that 
are linked with a phenotype for a middle and high IFN- capacity of production respectively 
[29]. The T to A polymorphism coincides with a putative NF-kappa B binding site that may 
have functional consequences for the transcription of the human IFN- gene [27]. In the 
Santa Rita study, the IFN- production by PMBC of the patients was not reported. However, 
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valid model for studying parasites that evoke polar Th-1 and Th-2 in mice. H. polygyrus is a 
gastrointestinal worm, a natural parasite to mice, which evokes a polarized Th2 response in 
the host and blocks the type 1 immune response [39, 40]. It has been shown that a previous 
infection with the helminth can inhibit the development of CD8 T-cell immune response 
against T. gondii, thus compromising long-term protection against a protozoan parasite [41], 
which illustrates the adequacy of the model for studying the interaction between helminthic 
and T. gondii infections. 

5. Immunogenetic studies: Candidate genes on ocular toxoplasmosis 

Studies on genetic association in human toxoplasmosis in the past have provided evidence 
of associations between human leukocyte antigen (HLA) genes with the susceptibility to 
toxoplasmic encephalitis in AIDS patients (42)  and with the outcome of congenital 
toxoplasmosis [43]. However, no causal relationships have been proven so far. We have 
conducted genetic association studies of candidate genes which potentially influence the 
profile of the inflammatory response against T. gondii (17, 18, 37) in patients with ocular 
toxoplasmosis by means of single  nucleotide polymorphisms  (SNPs) analysis. Significant 
associations between genetic polymorphisms and ocular disease in family-based studies have 
been found for Toll-like receptor-9, (TLR-9) [17], P2X7 purinoceptor 7 (P2RX7) [18] and 
nucleotide-binding oligomerization domain-containing protein 2 (NOD2) [37] genes. These 
studies are currently being expanded to be replicated into population     n-based 
investigational projects. All of these genes are related to innate immunity and have been 
described in processes of inflammasome assembly, which plays an important role in 
processing IL-1 beta and other IL-1 beta cytokine family member (IL-18, IL-33) precursors in 
active cytokines, promoting a pro-inflammatory response [44].The SNPs rs352140 at TLR-9 and 
rs3135499 at NOD2 were statistically significantly associated with the manifestation of ocular 
toxoplasmosis [17, 37] while the absence of the SNP rs1718119 at P2RX7 was strongly 
associated with protection to ocular disease manifestation [18] as we shall see in detail.    

The product of the P2RX7 belongs to the family of purinoceptors for ATP, 595 amino acids 
in length and highly polymorphic. The relative amount of P2X7 function varies between 
human individuals because of the numerous single nucleotide polymorphisms; 
combinations of these polymorphisms give rise to various haplotypes that can modify P2X7 
function and result in either loss or gain of function [45]. Splice isoforms that can alter 
receptor expression and function and modify the signaling properties downstream of 
receptor have also been described [45]. 

The receptor functions as a ligand-gated ion channel and is responsible for ATP-dependent 
lysis of macrophages by means of the formation of membrane pores that are permeable to 
large molecules. The receptor P2X7 functions as a pro-inflammatory receptor in cells of the 
monocyte/macrophage lineage and is activated by extracellular ATP released from a variety 
of cellular sources including platelets and damaged cells [46] Its expression is up-regulated 
by IFN-γ and can lead directly to the killing of intracellular pathogens including T. gondii 
[46, 47]. P2X7 stimulates inflammasome activation and secretion of IL-1β [48]. 
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Polymorphisms at the P2RX7 have been investigated in a cooperative immunogenetic study 
involving patients from United State and Campos dos Goytacazes in Brazil. The studies 
comprised 149 child in 149 child/parent trios from North America and 60 families with 68 
affected with postnatal ocular toxoplasmosis offspring in Brazil [18]. For the United states 
casuistic, an association between the derived C(+)G(−) allele and a second synonymous 
variant rs1621388 in linkage disequilibrium with it; and clinical signs of disease per se. were 
observed . Analysis of clinical sub-groups showed associations with retinal disease and 
brain calcifications (OR=3.0 to 4.25; 0.004<P<0.009). The association with toxoplasmic 
retinochoroiditis was replicated in a family-based study from Campos dos Goytacazes (60 
families; 68 affected offspring), where the ancestral T(+) allele (f= 0.296) at SNP rs1718119 
which contains the Ala-348 to Thr polymorphism was strongly protective (OR= 0.27; 95% CI: 
0.09–0.80) [18]. This last association at SNP rs1718119 was recently replicated in a case-
control study with 361 non-related individuals. The study confirmed the protective 
association of the T(+) allele (f= 0.296) (OR =0,3; 95% CI: 0,15-0,59 chi-square value = 13,53 p 
corrected for multiple comparisons = 0.0132) for patients with type B scar lesions [49]  

The SNPs at the P2RX7 may be associated with a gain or loss of function of the receptor. 
Data from Stokes and colleagues [50] showed the gain of function for P2X7 haplotypes 
carrying rs1718119 SNP, which matches our recent case-control data that confirmed a strong 
protection due to the ancestral allele T(+) for the P2RX7 associated with the development of 
ocular disease. Therefore, it is reasonable to speculate that the ancestral allele (that do not 
carry the rs1718119 SNP and do not contain the Ala-348 to Thr polymorphism) would help 
to protect against an exacerbated immune response as a consequence of the gain of function 
conferred by the rs1718119 SNP, which would lead to an immune response with high levels 
of pro-inflammatory cytokines, such as IL-1 β and IFN-, and could contribute to retinal 
tissue damage. Our data provides evidence that the Th-1 specific immune response is 
centered in the IFN- secretion by PBMC of patients with the different types of 
retinal/retinochoroidal scar lesions, which also reinforces the supposition that an 
exacerbated immune response in an environment with prolonged inflammatory mediators 
can contribute to retinal/retinochoroidal damage. 

Albuquerque and colleagues described an association between the IFN- +874T/A gene 
polymorphism with toxoplasmic retinochoroiditis susceptibility [51]. This study is related to 
the Santa Rita (Barra Mansa) casuistic, as described previously in this chapter. The authors 
found that AA homozygous individuals showed a 1.62-fold higher risk than other geno-
types (AT and TT) for developing toxoplasmic retinochoroiditis [51]. Regarding the IFN- 
+874T/A gene polymorphism, it was demonstrated that the polymorphism is linked to high 
and low producer phenotypes [27, 28] and the genotype AA is associated with the 
phenotype for low IFN- capacity of production in contrast to the AT or TT genotypes that 
are linked with a phenotype for a middle and high IFN- capacity of production respectively 
[29]. The T to A polymorphism coincides with a putative NF-kappa B binding site that may 
have functional consequences for the transcription of the human IFN- gene [27]. In the 
Santa Rita study, the IFN- production by PMBC of the patients was not reported. However, 
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considering that this cytokine is a very important to parasite control replication, the patients 
presenting the AA genotype for the IFN- +874 T/A polymorphism likely have a similar 
profile of specific cellular immune response with that observed for the group that presented 
lesions of types B and BC, as shown in Figure 3, and multiple type scar lesions, as shown in 
Figure 4. Namely, they would tend to produce moderate to low levels of IFN- and IL-13 
and low levels of CXCL 10, which most likely causes an immune response that is not 
sufficient to efficiently prevent/control parasite proliferation; as a consequence, 
retinal/retinochoroidal tissues damage occurs. It is important to note that to determine the 
frequency of the genotype AA among individuals grouped by the type of scar lesions, in 
association with phenotypic parameters of the immune response, like cytokines and 
chemokines, would be of value to improve our understanding of the possible pathological 
mechanisms that occur in the different types of scar lesions in ocular toxoplasmosis.   

Other reports in the literature have described genetic association studies of cytokines with 
toxoplasmic ocular diseases in Brazil. However, they describe small casuistic related to 
patients from ophthalmologic reference centers and do not find significant associations [52-
54], although one suggests the association of polymorphism at IL-1 alfa gene and the 
recurrence of ocular toxoplasmosis [54].  

6. Conclusion  

We have presented data related to a decade of research on a hyperendemic area to T. gondii 
infection, considering aspects linked to the clinical presentation of ocular disease in a 
population exposed to high risk of waterborne toxoplasmosis, the profile of in vitro specific 
immune response in the function of the disease’s clinical presentation, and genetic 
association studies with candidate genes in ocular toxoplasmosis.  

It is important to consider the conclusions and advances that can be derived based on the 
study of PBMC from patients who exhibit different clinical presentations of ocular 
toxoplasmosis, stimulated in vitro with parasite antigens. One can argue that the study of the 
specific responses of PBMC in vitro does not reflect the eye’s immune-privileged environment, 
for instance. However, the study of PBMC represents is a non-invasive approach that is 
adequate for population-based studies such that in the genomic medicine era, it will improve 
our understanding of relevant gene response, i.e., their activation and regulation in 
inflammatory process within the eye. The associations between phenotype and genotype data 
from cohorts accelerate our understanding of the molecular mechanisms involved in the 
disease’s pathology. Our data on P2X7 genotyping genes together with the PBMC immune 
profile illustrate this aspect. Namely, our initial hypothesis on an exacerbation of the 
inflammatory response with high levels of pro-inflammatory cytokines, especially IFN- 
secretion, concomitant with relatively low levels of anti-inflammatory cytokines like IL-13 
secretion in response to parasite antigens, which was identified by in vitro PBMC stimulation 
experiments and could contribute to the development of ocular disease, is reinforced by the 
findings on P2RX7 genotypingat the SNP rs1718119. This data showed that the ancestral allele 
is highly protective for the development of ocular disease. The SNP rs1718119 has been 
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demonstrated to confer a gain of function to the receptor P2X7, imbuing it with a more 
vigorous pro-inflammatory response. Therefore, the presence of the ancestral allele would 
protect the eye tissues from harmful exacerbations of immune responses, which corroborates 
our previous interpretations from PBMC experiments, as described above. Furthermore, the 
similarity of immunologic parameters between the mouse model and human infection, such as 
that observed for IFN- and CXCL10, motivates the development of innovative protocols using 
PBMC to access the gene response at the patient level. This approach is both feasible and 
suitable. For instance, in a given patient, it is possible to study PBMC to access the expression 
of the P2X7 protein, the product of the same P2RX7 that is expressed in retinal epithelial cells. 
Concerning the relevance of this approach, it is worth mentioning that primary cultures of 
human retinal epithelial cells that express P2X7 protein [55] are responsive to IFN-γ 
stimulation leading to T. gondii elimination in a pathway independent of nitric oxide (NO) [36]. 

The interpretations of our data on PBMC in vitro stimulation with T. gondii antigens together 
with the candidate genes genotyping relevant to the innate immune response, targeting the 
parasite, contribute to a better understanding of the immunological pathogenesis of 
infectious diseases that has been recently achieved. However, many issues remain to be 
addressed before the clinical exploitation of these findings can be realized. The function of 
these elements and their interplay with one another and with other components in the 
immune system are complex, and it is crucial to determine the balance between their 
beneficial and pathological roles in ocular toxoplasmosis. 

Finally, the immune responses of patients from population-based studies who exhibit diverse 
scar lesions that are likely caused by T. gondii infection illustrate the multifactorial nature of 
ocular toxoplasmosis. Beyond host genetics and interactions with other pathogens that we have 
mentioned in this chapter, there are many other factors, such as environmental questions, the 
age at which individuals are infected, the parasitic load in the host, and the parasite genetic 
background that are equally important for disease manifestation. Therefore, all of these aspects, 
in addition to those not mentioned here or unknown, that characterize the multifactorial nature 
of ocular toxoplasmosis cannot be considered separately, and their interaction in and with the 
host will be expressed by one single feature that represents the profile of the immune response 
mounted by the host. The immune response will be subject to influences by every factor and 
will ultimately impact the different clinical presentation of ocular toxoplasmosis.  
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considering that this cytokine is a very important to parasite control replication, the patients 
presenting the AA genotype for the IFN- +874 T/A polymorphism likely have a similar 
profile of specific cellular immune response with that observed for the group that presented 
lesions of types B and BC, as shown in Figure 3, and multiple type scar lesions, as shown in 
Figure 4. Namely, they would tend to produce moderate to low levels of IFN- and IL-13 
and low levels of CXCL 10, which most likely causes an immune response that is not 
sufficient to efficiently prevent/control parasite proliferation; as a consequence, 
retinal/retinochoroidal tissues damage occurs. It is important to note that to determine the 
frequency of the genotype AA among individuals grouped by the type of scar lesions, in 
association with phenotypic parameters of the immune response, like cytokines and 
chemokines, would be of value to improve our understanding of the possible pathological 
mechanisms that occur in the different types of scar lesions in ocular toxoplasmosis.   

Other reports in the literature have described genetic association studies of cytokines with 
toxoplasmic ocular diseases in Brazil. However, they describe small casuistic related to 
patients from ophthalmologic reference centers and do not find significant associations [52-
54], although one suggests the association of polymorphism at IL-1 alfa gene and the 
recurrence of ocular toxoplasmosis [54].  

6. Conclusion  

We have presented data related to a decade of research on a hyperendemic area to T. gondii 
infection, considering aspects linked to the clinical presentation of ocular disease in a 
population exposed to high risk of waterborne toxoplasmosis, the profile of in vitro specific 
immune response in the function of the disease’s clinical presentation, and genetic 
association studies with candidate genes in ocular toxoplasmosis.  

It is important to consider the conclusions and advances that can be derived based on the 
study of PBMC from patients who exhibit different clinical presentations of ocular 
toxoplasmosis, stimulated in vitro with parasite antigens. One can argue that the study of the 
specific responses of PBMC in vitro does not reflect the eye’s immune-privileged environment, 
for instance. However, the study of PBMC represents is a non-invasive approach that is 
adequate for population-based studies such that in the genomic medicine era, it will improve 
our understanding of relevant gene response, i.e., their activation and regulation in 
inflammatory process within the eye. The associations between phenotype and genotype data 
from cohorts accelerate our understanding of the molecular mechanisms involved in the 
disease’s pathology. Our data on P2X7 genotyping genes together with the PBMC immune 
profile illustrate this aspect. Namely, our initial hypothesis on an exacerbation of the 
inflammatory response with high levels of pro-inflammatory cytokines, especially IFN- 
secretion, concomitant with relatively low levels of anti-inflammatory cytokines like IL-13 
secretion in response to parasite antigens, which was identified by in vitro PBMC stimulation 
experiments and could contribute to the development of ocular disease, is reinforced by the 
findings on P2RX7 genotypingat the SNP rs1718119. This data showed that the ancestral allele 
is highly protective for the development of ocular disease. The SNP rs1718119 has been 

Immunological and Immunogenetic Parameters on the Diversity of Ocular Toxoplasmosis: Evidence  
to Support Morphological Criteria to Classify Retinal/Retinochoroidal Scar Lesions in Epidemiologic Surveys 167 

demonstrated to confer a gain of function to the receptor P2X7, imbuing it with a more 
vigorous pro-inflammatory response. Therefore, the presence of the ancestral allele would 
protect the eye tissues from harmful exacerbations of immune responses, which corroborates 
our previous interpretations from PBMC experiments, as described above. Furthermore, the 
similarity of immunologic parameters between the mouse model and human infection, such as 
that observed for IFN- and CXCL10, motivates the development of innovative protocols using 
PBMC to access the gene response at the patient level. This approach is both feasible and 
suitable. For instance, in a given patient, it is possible to study PBMC to access the expression 
of the P2X7 protein, the product of the same P2RX7 that is expressed in retinal epithelial cells. 
Concerning the relevance of this approach, it is worth mentioning that primary cultures of 
human retinal epithelial cells that express P2X7 protein [55] are responsive to IFN-γ 
stimulation leading to T. gondii elimination in a pathway independent of nitric oxide (NO) [36]. 

The interpretations of our data on PBMC in vitro stimulation with T. gondii antigens together 
with the candidate genes genotyping relevant to the innate immune response, targeting the 
parasite, contribute to a better understanding of the immunological pathogenesis of 
infectious diseases that has been recently achieved. However, many issues remain to be 
addressed before the clinical exploitation of these findings can be realized. The function of 
these elements and their interplay with one another and with other components in the 
immune system are complex, and it is crucial to determine the balance between their 
beneficial and pathological roles in ocular toxoplasmosis. 

Finally, the immune responses of patients from population-based studies who exhibit diverse 
scar lesions that are likely caused by T. gondii infection illustrate the multifactorial nature of 
ocular toxoplasmosis. Beyond host genetics and interactions with other pathogens that we have 
mentioned in this chapter, there are many other factors, such as environmental questions, the 
age at which individuals are infected, the parasitic load in the host, and the parasite genetic 
background that are equally important for disease manifestation. Therefore, all of these aspects, 
in addition to those not mentioned here or unknown, that characterize the multifactorial nature 
of ocular toxoplasmosis cannot be considered separately, and their interaction in and with the 
host will be expressed by one single feature that represents the profile of the immune response 
mounted by the host. The immune response will be subject to influences by every factor and 
will ultimately impact the different clinical presentation of ocular toxoplasmosis.  
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1. Introduction 

Signs that may be included in the clinical presentation of congenital toxoplasmosis may be 
observed in infants without identification of Toxoplasma gondii or other intrauterine 
infection. When congenital toxoplasmosis is excluded, these case are diagnosed as having 
pseudo toxoplasmosis (Hervouet, 1961), pseudo-TORCH (toxoplasma, rubella, 
cytomegalovirus, and herpes simplex) syndrome (Baraitser et al., 1983; Burn et al., 1986; 
Cohen et al., 2012; Ishitsu et al., 1985; Knoblauch et al., 2003; Kulkarni et al., 2010; Nakamura 
et al., 2011; Reardon et al., 1994; Vivarelli et al., 2001; Watts et al., 2008; Wieczorek et al., 
1995) or congenital infection-like syndrome (Abdel-Salam & Zaki, 2009; al-Dabbous et al., 
1998; al-Gazali et al., 1999; Dale et al., 2000; Knoblauch et al., 2003; Kulkarni et al., 2010; 
Mishra et al., 2002; Mizuno et al., 2011; Slee et al.,1999).  

These signs include microcephaly (Aalfs et al., 1995; Abdel-Salam & Zaki, 2009; Abdel-
Salam et al., 1999; Abdel-Salam et al., 2000; Ahmadi & Bradfield, 2007; Aicardi & Goutières, 
1984; al-Dabbous et al., 1998; al-Gazali et al., 1999; Alzial et al., 1980; Angle et al., 1994; 
Atchaneeyasakul et al., 1998; Baraitser et al., 1983; Bogdan, 1951; Book et al., 1953; Briggs et 
al., 2008; Burn et al., 1986; Cantú et al., 1977; Casteels et al., 2001; Dale et al., 2000; Eventov-
Friedman et al., 2009; Feingold & Bartoshesky 1992; Fisch et al., 1973; Fryns et al., 1995; 
Hoyeraal et al., 1970; Hordijk et al., 1996; Hreidarsson et al., 1988; Ishitsu et al., 1985; Jarmas 
et al., 1981; Kloepfer et al., 1964; Knoblauch et al., 2003; Komai et al., 1955; Kozma et al., 
1996; Kulkarni et al., 2010; Leung, 1985; Limwongse et al., 1999; McKusick et al., 1966; 
Mishra et al., 2002; Nakamura et al., 2011; Nemos et al., 2009; Ostergaard et al., 2012; 
Pearson et al., 2008; Reardon et al., 1994; Sadler & Robinson, 1993; Simonell et al., 2002; Slee 
et al., 1999; Strauss et al., 2005; Tenconi et al., 1981; Trzupek et al., 2007; van den Bosch, 1959; 
van Genderen et al., 1997; Vasudevan et al., 2005; Vivarelli et al., 2001; Warburg & Heuer, 
1994; Wieczorek et al., 1995), intracranial calcifications (Abdel-Salam & Zaki, 2009; Aicardi & 
Goutières, 1984; al-Dabbous et al., 1998; al-Gazali et al., 1999; Asai et al., 2012; Baraitser et al., 
1983; Bogdan, 1951; Briggs et al., 2008; Burn et al., 1986; Cohen et al., 2012; Dale et al., 2000; 
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et al., 1981; Kloepfer et al., 1964; Knoblauch et al., 2003; Komai et al., 1955; Kozma et al., 
1996; Kulkarni et al., 2010; Leung, 1985; Limwongse et al., 1999; McKusick et al., 1966; 
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Pearson et al., 2008; Reardon et al., 1994; Sadler & Robinson, 1993; Simonell et al., 2002; Slee 
et al., 1999; Strauss et al., 2005; Tenconi et al., 1981; Trzupek et al., 2007; van den Bosch, 1959; 
van Genderen et al., 1997; Vasudevan et al., 2005; Vivarelli et al., 2001; Warburg & Heuer, 
1994; Wieczorek et al., 1995), intracranial calcifications (Abdel-Salam & Zaki, 2009; Aicardi & 
Goutières, 1984; al-Dabbous et al., 1998; al-Gazali et al., 1999; Asai et al., 2012; Baraitser et al., 
1983; Bogdan, 1951; Briggs et al., 2008; Burn et al., 1986; Cohen et al., 2012; Dale et al., 2000; 
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Hervouet, 1961; Ishitsu et al., 1985; Knoblauch et al., 2003; Kulkarni et al., 2010; Mishra et al., 
2002; Mizuno et al., 2011; Nakamura et al., 2011; Reardon et al., 1994; Revesz et al., 1992; Slee 
et al., 1999; Vivarelli et al., 2001; Watts et al., 2008; Wieczorek et al., 1995) and retinal changes 
(Abdel-Salam et al., 1999; Abdel-Salam et al., 2000; Ahmadi & Bradfield, 2007; Alzial et al., 
1980; Angle et al., 1994; Asai et al., 2012; Atchaneeyasakul et al., 1998; Bogdan, 1951; Burn et 
al., 1986; Cantú et al., 1977; Casteels et al., 2001; Eventov-Friedman et al., 2009; Feingold & 
Bartoshesky 1992; Fryns et al., 1995; Hervouet, 1961; Hordijk et al., 1996; King et al., 1998; 
Limwongse et al., 1999; McKusick et al., 1966; Revesz et al., 1992; Sadler & Robinson, 1993; 
Simonell et al., 2002; Strauss et al., 2005; Tenconi et al., 1981; Trzupek et al., 2007; van 
Genderen et al., 1997; Vasudevan et al., 2005; Warburg & Heuer, 1994; Watts et al., 2008). 

The majority of the cases have a family history (Abdel-Salam & Zaki, 2009; Aicardi & 
Goutières, 1984; al-Dabbous et al., 1998; al-Gazali et al., 1999; Alzial et al., 1980; 
Atchaneeyasakul et al., 1998; Baraitser et al., 1983; Bogdan, 1951; Book et al., 1953; Briggs et 
al., 2008; Burn et al., 1986; Cantú et al., 1977; Cohen et al., 2012; Dale et al., 2000; Fisch et al., 
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Kozma et al., 1996; Leung, 1985; Limwongse et al., 1999; McKusick et al., 1966; Reardon et 
al., 1994; Sadler & Robinson, 1993; Simonell et al., 2002; Slee et al., 1999; Trzupek et al., 2007; 
van Genderen et al., 1997; Vivarelli et al., 2001; Warburg & Heuer, 1994), and thus a genetic 
basis has been proposed.  

To diagnose the clinical entities described below, evidence of congenital infection including 
toxoplasmosis is the most important exclusion criterion. Misdiagnosis would result in 
erroneous counseling as to risk of recurrence (Aicardi et al., 2012).  

2. Clinical entities  

2.1. Aicardi syndrome  

2.1.1. Overview 

Aicardi syndrome (MIM: 304050) is a congenital disorder characterized by a triad of signs, 
including corpus callosum agenesis, severe epilepsy, and chorioretinal lacunae (Aicardi et 
al., 1965; Dennis & Bower, 1972). 

2.1.2. History 

In 1965, Aicardi et al. reported eight female infants with spasms in flexion, callosal agenesis 
and various ocular abnormalities. In 1972, Dennis & Bower also reported a female patient 
and established the Aicardi Syndrome.  

2.1.3. Genetics 

The Aicardi syndrome is believed to an X-linked dominant disorder lethal to males and the 
cases of Aicardi syndrome are female infants, and males with the XXY genotype (Hopkins et 

 
Pseudo Toxoplasmosis 175 

al., 1979). Mutations in the CDKL5 gene on chromosome Xp22 have been found in these 
patients (Nemos et al., 2009).  

2.1.4. Differential diagnosis 

Although the Aicardi syndrome normally has a poor prognosis, there is a heterogeneity of 
clinical severity. A mild case of a chorioretinal defect and a hypoplastic disc has been 
reported (King et al., 1998). The case was misdiagnosed as having cerebral and retinal 
toxoplasmosis.  

The presence of corpus dysgenesis supports the diagnosis of Aicardi syndrome. In addition, 
the Aicardi syndrome does not cause intracranial calcifications which are likely to be 
present in cases of congenital toxoplasmosis (Table 1). Ocular abnormality is various, 
however, chorioretinal lacunae are thought to be pathognomonic. 

 
 
 

 
 

Table 1. Clinical findings of the patients affected by congnetial toxoplasmosis and the pseudo 
toxoplasmosis 
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al., 1979). Mutations in the CDKL5 gene on chromosome Xp22 have been found in these 
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Although the Aicardi syndrome normally has a poor prognosis, there is a heterogeneity of 
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2.2. Aicardi-Goutières Syndrome (AGS) 

2.2.1. Overview 

The AGS is a rare neurodevelopmental genetic disorder associated with intracranial 
calcification, leukocytosis in the cerebrospinal fluid (CSF), and microcephaly. (Aicardi & 
Goutières, 1984; Aicardi et al., 2012) 

2.2.2. History 

In 1984, Aicardi & Goutières reported eight infants with spasticity, acquired microcephaly, 
bilateral symmetrical calcifications in the basal ganglia and chronic CSF lymphocytosis in 
five consanguineous families. 

2.2.3. Genetics 

Approximately 90% of individuals with characteristic findings of AGS have been found to 
have mutations in the TREX1 gene on chromosome 3p21.31 (AGS1, MIM: 225750), 
RNASEH2A gene on chromosome 19p13.2 (AGS4, MIM: 610333), RNASEH2B gene on 
chromosome 13q14.3 (AGS2, MIM: 610181), RNASEH2C gene on chromosome 11q13.1 
(AGS3, MIM: 610329), and SAMHD1 gene on chromosome 20q11.23 (AGS5, MIM: 612952). 
(Aicardi et al., 2012) 

Mutations in TREX1 have also been found in some patients with systemic lupus 
erythematodes (SLE). Siblings with SLE who present with congenital infection-like 
intracranial calcification (Dale et al., 2000), may be associated with AGS. (Aicardi et al., 2012) 
It has also been suggested that the narrowly-defined pseudo-TORCH syndrome (2.6) shows 
a phenotypic overlap and that most cases of pseudo-TORCH syndrome are in fact AGS. 
(Aicardi et al., 2012) 

2.2.4. Differential diagnosis 

In case of AGS, leukocytosis in the CSF and increased concentrations of interferon-alfa (IFN-
α) in the CSF are found (Aicardi et al., 2012) and microcephaly is absent at birth (Aicardi & 
Goutières, 1984). The onset occurs at 3-6 months of age in many patients.  

Ocular structures are almost invariably normal on examination. (Aicardi et al., 2012)  
(Table 1) 

2.3. Hoyeraal-Hreidarsson syndrome (HHS) 

2.3.1. Overview 

The HHS (MIM: 300240) is a severe multisystemic disorder with pre- and postnatal growth 
retardation, progressive pancytopenia, microcephaly, and cerebellar hypoplasia. (Aalfs et 
al., 1995; Knight et al., 1999; Pearson et al., 2008)  
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2.3.2. History 

In 1970, Hoyeraal et al. reported two brothers with hypoplastic thrombocytopenia, 
microcephaly and cerebral malformations. In 1988, Hreidarsson et al. also reported an 
affected boy. In 1995, Aalfs et al. reported another male patient and proposed to use the 
eponym HHS. The first symptoms of pancytopenia did not occur before the age of five 
months and continued to deteriorate for years, despite extensive therapeutic measures. 

2.3.3. Genetics 

Mutations in the DKC1 gene on chromosome Xq28 have been found in the patients 
including the family reported by Aalfs et al. in 1995. (Knight et al., 1999) The gene is also 
responsible for X-linked dyskeratosis congenita (DKC, MIM: 305000), an inherited bone-
marrow-failure syndrome characterized by skin pigmentation, nail dystrophy and 
leucoplakia which usually develop towards the end of the first decade of life. The HHS is 
revealed to be a severe variant of DKC. (Knight et al., 1999; Pearson et al., 2008) 

2.3.4. Differential diagnosis 

The HHS is marked by severe aplastic anemia. While retinopathy can be induced by anemia, 
ocular abnormality or intracranial calcification is not usually observed in cases of HSS. 
(Table 1) 

2.4. Microcephaly, lymphedema, chorioretinal dysplasia syndrome (MLCRD) 

2.4.1. Overview 

As its name implies, the MLCRD (MIM: 152950) is characterized by a triad of signs 
including microcephaly, lymphedema, and chorioretinal dysplasia. (Angle et al., 1994; 
Casteels et al., 2001; Eventov-Friedman et al., 2009; Feingold & Bartoshesky 1992; Fryns et 
al., 1995; Limwongse et al., 1999; Ostergaard et al., 2012; Strauss et al., 2005; Vasudevan et 
al., 2005). Mental retardation is also usually present. Different combinations of these signs 
inherited in an autosomal dominant pattern have been reported (Leung, 1985; Hordijk et al., 
1996; Simonell et al., 2002). Cases with these signs have been assumed to belong to the same 
spectrum of genetic disorders.  

An autosomal recessive form of microcephaly with chorioretinopathy (McKusick et al., 
1966) has been reported and categorized as microcephaly and chorioretinopathy with or 
without mental retardation, autosomal recessive (MIM: 251270) (2.5).  

2.4.2. History 

In 1981, Tenconi et al. reported patients with microcephaly and chorioretinopathy in an 
autosomal dominant pattern, and Jarmas et al. reported two brothers with microcephaly and 
retinal folds. In 1985, Leung investigated the combination of microcephaly and lymphedema 
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2.3.2. History 

In 1970, Hoyeraal et al. reported two brothers with hypoplastic thrombocytopenia, 
microcephaly and cerebral malformations. In 1988, Hreidarsson et al. also reported an 
affected boy. In 1995, Aalfs et al. reported another male patient and proposed to use the 
eponym HHS. The first symptoms of pancytopenia did not occur before the age of five 
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in at least 4 generations of a Chinese family. In 1992, Feingold & Bartoshesky described two 
unrelated boys with microcephaly, lymphedema and chorioretinal dysplasia and proposed 
that the combination represents a single syndrome.  

2.4.3. Genetics 

Mutations in the KIF11 gene on chromosome 10q23 have been identified in some patients 
with the MLCRD. (Ostergaard et al., 2012)  

2.4.4. Differential diagnosis 

Congenital lymphedema is confined to the dorsa of the feet (Angle et al., 1994; Casteels et 
al., 2001; Eventov-Friedman et al., 2009; Feingold & Bartoshesky 1992; Fryns et al., 1995; 
Leung, 1985; Limwongse et al., 1999; Strauss et al., 2005; Vasudevan et al., 2005) and this is 
hardly observed in cases of congenital toxoplasmosis. (Table 1) 

Intracranial calcifications, which are likely to be present in cases of congenital toxoplasmosis 
are not observed in cases of MLCRD. (Table 1) 

2.5. Microcephaly and chorioretinopathy with or without mental retardation, 
autosomal recessive 

2.5.1. Overview 

While the combination of microcephaly and chorioretinopathy with or without mental 
retardation can be caused by heterozygous mutation in the KIF11 gene known as MLCRD 
(MIM: 152950) (2.4), autosomal recessive inheritance has also been suggested in familial 
cases (McKusick et al., 1966). A discovery of causative homozygous mutation (Puffenberger 
et al., 2012) has proved the independent entity, microcephaly and chorioretinopathy with or 
without mental retardation, autosomal recessive (MIM: 251270).  

2.5.2. History 

The role of consanguinity in congenital microcephaly was repeatedly reported (Kloepfer et 
al., 1964; Komai et al., 1955; van den Bosch, 1959). In 1966, McKusick et al. described eight 
individuals of microcephaly in two sibships of an imbred group. All of them had 
pigmentary abnormality of the fundus with mental retardation.  

2.5.3. Genetics 

A homozygous mutation in the TUBGCP6 gene on chromosome 22q13.33 was found in four 
cases reported by McKusick et al. in 1966. (Puffenberger et al., 2012)  

2.5.4. Differential diagnosis 

Microcephaly and chorioretinopathy with or without mental retardation, autosomal 
recessive produces the symptoms similar to those of the MLCRD (MIM: 152950) spectrum 
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(2.4). Intracranial calcifications are not observed as in MLCRD. (Table 1) Lymphedema is 
considered to be pathognomonic for the MLCRD, has not been reported in cases of 
Microcephaly and chorioretinopathy with or without mental retardation, autosomal 
recessive. (Table 1) 

2.6 Pseudo-TORCH syndrome  
(narrowly-defined) 

2.6.1. Overview 

Narrowly-defined pseudo-TORCH syndrome (al-Dabbous et al., 1998; Baraitser et al., 1983; 
Briggs et al., 2008; Burn et al., 1986; Cohen et al., 2012; Ishitsu et al., 1985; Knoblauch et al., 
2003; Kulkarni et al., 2010; Nakamura et al., 2011; Reardon et al., 1994; Vivarelli et al., 2001; 
Watts et al., 2008; Wieczorek et al. 1995), also called Baraitser-Reardon syndrome (Vivarelli 
et al., 2001), or band-like calcification with simplified gyration and polymicrogyria 
(BLCPMG; MIM: 251290) (Abdel-Salam & Zaki, 2009; Briggs et al., 2008; O'Driscoll et al., 
2010), is associated with microcephaly and intracranial calcifications mimicking congenital 
toxoplasmosis in the absence of infection.  

2.6.2. History 

In 1983, Baraitser et al. reported two brothers with microcephaly and intracranial 
calcifications. The bilateral symmetrical calcification was in white matter and thalamus. In 
1994, Reardon et al. reported nine patients from four families with microcephaly, 
intracranial calcifications and CNS disease and described them as "congenital intrauterine 
infection-like syndrome".  

In 2001, Vivarelli et al. reported five patients in three families and proposed to use  
the eponym, Baraitser-Reardon syndrome. In 2008, Briggs et al. also reported five  
patients in three families with a pattern of BLCPMG as a distinct "pseudo-TORCH" 
phenotype. 

2.6.3. Genetics 

Mutations in the OCLN gene on chromosome 5q13.2 have been found in a part of affected 
individuals, categorized as BLCPMG. (O'Driscoll et al., 2010) A part of the cases of the 
pseudo-TORCH syndrome without the OCLN mutation may in fact be cases of Aicardi-
Goutières Syndrome (2.2). (Aicardi et al., 2012) 

2.6.4. Differential diagnosis 

As some cases of pseudo-TORCH syndrome are thought to be in fact AGS (Aicardi  
et al., 2012), there is a phenotype overlap between pseudo-TORCH syndrome and AGS  
(2.2).  

Ocular changes are not reported with pseudo-TORCH syndrome / AGS. (Table 1) 
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(2.4). Intracranial calcifications are not observed as in MLCRD. (Table 1) Lymphedema is 
considered to be pathognomonic for the MLCRD, has not been reported in cases of 
Microcephaly and chorioretinopathy with or without mental retardation, autosomal 
recessive. (Table 1) 

2.6 Pseudo-TORCH syndrome  
(narrowly-defined) 

2.6.1. Overview 

Narrowly-defined pseudo-TORCH syndrome (al-Dabbous et al., 1998; Baraitser et al., 1983; 
Briggs et al., 2008; Burn et al., 1986; Cohen et al., 2012; Ishitsu et al., 1985; Knoblauch et al., 
2003; Kulkarni et al., 2010; Nakamura et al., 2011; Reardon et al., 1994; Vivarelli et al., 2001; 
Watts et al., 2008; Wieczorek et al. 1995), also called Baraitser-Reardon syndrome (Vivarelli 
et al., 2001), or band-like calcification with simplified gyration and polymicrogyria 
(BLCPMG; MIM: 251290) (Abdel-Salam & Zaki, 2009; Briggs et al., 2008; O'Driscoll et al., 
2010), is associated with microcephaly and intracranial calcifications mimicking congenital 
toxoplasmosis in the absence of infection.  

2.6.2. History 

In 1983, Baraitser et al. reported two brothers with microcephaly and intracranial 
calcifications. The bilateral symmetrical calcification was in white matter and thalamus. In 
1994, Reardon et al. reported nine patients from four families with microcephaly, 
intracranial calcifications and CNS disease and described them as "congenital intrauterine 
infection-like syndrome".  

In 2001, Vivarelli et al. reported five patients in three families and proposed to use  
the eponym, Baraitser-Reardon syndrome. In 2008, Briggs et al. also reported five  
patients in three families with a pattern of BLCPMG as a distinct "pseudo-TORCH" 
phenotype. 

2.6.3. Genetics 

Mutations in the OCLN gene on chromosome 5q13.2 have been found in a part of affected 
individuals, categorized as BLCPMG. (O'Driscoll et al., 2010) A part of the cases of the 
pseudo-TORCH syndrome without the OCLN mutation may in fact be cases of Aicardi-
Goutières Syndrome (2.2). (Aicardi et al., 2012) 

2.6.4. Differential diagnosis 

As some cases of pseudo-TORCH syndrome are thought to be in fact AGS (Aicardi  
et al., 2012), there is a phenotype overlap between pseudo-TORCH syndrome and AGS  
(2.2).  

Ocular changes are not reported with pseudo-TORCH syndrome / AGS. (Table 1) 
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2.7. Revesz syndrome 

2.7.1. Overview 

Revesz syndrome (MIM: 268130), also known as cerebroretinal microangiopathy with 
calcications and cysts (CRMCC) is a rare and fatal disorder, characterized by intrauterine 
growth retardation, bilateral exudative retinopathy, intracranial calcication and cysts. (Asai 
et al., 2012; Revesz et al. 1992; Savage et al., 2008) 

2.7.2. History 

In 1992, Revesz et al. reported a 6-month old boy presenting with bilateral leucocoria. The 
retinal appearance resembled Coat's disease. Widespread grey and white matter 
calcification in the brain and severe aplastic anemia were also noted. His platelet count 
eventually became impossible to control and the patient died at 19 months of age. In 1994, 
Kajtár & Méhes reported the second case, a 2-year old girl with thrombocytopenic purpura 
and bilateral progressive Coats’-like retinopathy.  

2.7.3. Genetics 

A heterozygous mutation in the gene encoding TRF1-interacting nuclear factor-2 (TINF2) on 
chromosome 14q12 has been found in a case of Revesz syndrome. (Savage et al., 2008) 
Another heterozygous truncating mutation in the TINF2 gene has been identified in a case. 
(Sasa et al., 2012) TINF2 is a component of the shelterin telomere protection complex, TINF2 
mutations result in very short telomeres.  

An inherited bone marrow failure syndrome, dyskeratosis congenital-3 (MIM: 613990) is 
also caused by the mutations in the TINF2 mutations.  

2.7.4. Differential diagnosis 

While Revesz syndrome marked by the severe aplastic anemia is related to HHS (2.3), 
Revesz syndrome causes Coats’-like retinopathy and intracranial calcification. A case 
reported as "congenital infection-like syndrome with intracranial calcification" (Mizuno et 
al., 2011) may be a case of Revesz syndrome. (Asai et al., 2012) 

Coats’-like retinopathy is exudative, easily distinguishable from chorioretinal lacunae or 
dysplasia on ophthalmoscopy. (Table 1) 

3. Pseudo-pseudo toxoplasmosis 

3.1. Background 

Even though clinical differential diagnosis summarized in Table 1 can be helpful, there are 
exceptions. A case of congenital toxoplasmosis can have the look of one of pseudo 
toxoplasmosis entities. A serological investigation for toxoplasmosis also has its indications 
and limitations. (Johnson et al., 1993). 
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3.2. Case report 

A male infant was delivered by Cesarean section at 37 weeks of gestation. (Ozeki et al., 2010) 
There was no family history for microcephaly, retinitis pigmentosa or consanguinity. The 
mother was type 1 diabetic and had once experienced an intrauterine fetal death. At 20 
weeks pregnant, microcephaly had been detected by ultrasonography. Toxoplasmosis had 
been suspected, but the treatment was withheld because of only a slightly elevated maternal 
Toxoplasma specific immunoglobulin M (IgM) antibody, 1.4 index by enzyme linked 
immnosorbent assay (ELISA) and a borderline IgG avidity index, 50% at 28 weeks pregnant.  

The infant weighing 2,858 g with Apgar score 9/10, respectively, had microcephaly, marked 
lymphoedema of dorsum of both feet and chorioretinal dysplasia in the both eyes (Figure 1). The 
electroretinogram was nearly nonrecordable. A computed tomography (CT) scan was negative 
for brain calcifications or hydrocephalus. Hepatic calcifications, splenomegaly, and ascites were 
not noted.  Toxoplasma IgM (ELISA) was negative (0.1 index) while IgG was positive (70 index).  

Toxoplasma gondii DNA was detected in the serum by polymerase chain reaction (PCR) 
(Figure 1(d)) to confirm the diagnosis of congenital toxoplasmosis. 

 
Figure 1.  
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3.3. Comment 

The newborn presented with the complete triad of the MLCRD (2.4), i.e., microcephaly, 
lymphedema and chorioretinal dysplasia. (Table 1) He had apparent dorsal lymphedema 
that is hardly observed with toxoplasmosis. Brain calcifications, hydrocephalus, ascites or 
splenomegaly, that are more likely present in cases of congenital toxoplasmosis, could not 
be found. Moreover, Toxoplasma IgM was negative.  

The present case indicates that suspected cases of congenital toxoplasmosis or pseudo 
toxoplasmosis should be examined for Toxoplasma DNA by PCR. (Ozeki et al., 2010) 
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3.3. Comment 

The newborn presented with the complete triad of the MLCRD (2.4), i.e., microcephaly, 
lymphedema and chorioretinal dysplasia. (Table 1) He had apparent dorsal lymphedema 
that is hardly observed with toxoplasmosis. Brain calcifications, hydrocephalus, ascites or 
splenomegaly, that are more likely present in cases of congenital toxoplasmosis, could not 
be found. Moreover, Toxoplasma IgM was negative.  

The present case indicates that suspected cases of congenital toxoplasmosis or pseudo 
toxoplasmosis should be examined for Toxoplasma DNA by PCR. (Ozeki et al., 2010) 
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