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SUMMARY 

 

TOXOPLASMA GONDII SEROPREVALENCE IN CATTLE IN ESTONIA  

 

In Estonia, the zoonotic parasite Toxoplasma gondii is common in humans, cats and wild 

boar, but no studies on the infections in cattle have been done.  

 

The aims of this nationwide cross-sectional study were to estimate the prevalence of specific 

anti-T. gondii immunoglobulin G antibodies in cattle in Estonia, and to evaluate risk factors 

for the infection. Blood samples from 4020 cattle were selected from a sample bank 

collected in 2012-2013. Data for the risk factor evaluation were provided by Estonian 

Agricultural Registers and Information Board. The sera were screened with a commercial 

direct agglutination test. The cut-off for seropositivity was 1:100.  

 

The overall apparent T. gondii seroprevalence in cattle in Estonia was estimated to be 18.6%. 

No significant differences were evident between the seroprevalences in animals from dairy 

farms and animals from beef farms (17.8% and 17.0%, respectively), but the seroprevalence 

in animals from mixed farms was significantly higher, 36.3%. Animals from smaller herds 

(≤ 100 animals) and from larger herds (≥ 101 animals) had similar seroprevalences (18.9% 

and 18.3%, respectively). Majority of the farms had at least one positive animal, and 

evidence of exposure to the parasite was found in all counties.   

 

Cattle in Estonia are commonly exposed to T. gondii. Being herbivorous animals, they most 

likely ingest the parasite from its environmental reservoirs. After the infection, the parasite 

can be found in the host tissues and body fluids. Estonian undercooked beef or raw milk can 

thus be infection sources to other hosts, including humans. 
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KOKKUVÕTE  

 

TOXOPLASMA GONDII ANTIKEHADE LEVIMUS VEISTEL EESTIS 

 

Ülemaailmse ulatusega zoonootiline parasiit Toxoplasma gondii on Eestis levinud nii 

inimestel, kodukassidel kui ka metssigadel, kuid uuringud veiste nakkuse kohta puuduvad.   

 

Käesoleva üleriigilise läbilõikeuuringu eesmärgiks oli hinnata spetsiifiliste T.gondii vastaste 

immuunglobuliin G antikehade esinemist Eesti veistel ja teha kindlaks nakatumise 

riskitegureid. Uuringusse kaasati 4020 veise vereproovid proovipangast, mis koguti 

vahemikus 2012-2013. Informatsioon riskifaktorite hindamiseks saadi Põllumajanduse 

Registrite ja Informatsiooni Ametist. Vereseerumit uuriti kommertsiaalse otsese 

aglutinatsioonitestiga, kasutades läviväärtuse lahjendust 1:100. 

 

Uuringus osalenud veiste üldine antikehade levimuse hinnang oli 18,6%. Antikehade 

levimus oli sarnane veistel, kes olid pärit piimafarmist ja veistel, kes olid pärit lihaveise 

farmist (17,8% ja 17,0%, vastavalt). Veistel, kes pärinesid segafarmist, oli antikehade 

levimus oluliselt kõrgem, 36,3%. Veised pärit väikesest karjast (≤ 100 looma) ja suurest 

karjast (≥ 101 looma) olid sarnase antikehade levimusega (18,9% ja 18,3%, vastavalt). 

Suuremal osal farmidest oli vähemalt üks positiivne loom ning parasiiti leiti igast 

maakonnast pärit veistel.  

 

Käesoleva uurimustöö põhjal võib järeldada, et Eesti veised puutuvad parasiidiga 

Toxoplasma sagedasti kokku. Taimetoiduliste loomadena nakatuvad veised kõige 

tõenäoliselt parasiidi ootsüsti vormiga neid ümbritsevast keskkonnast. Peale nakkust võib 

parasiiti leida nii looma kudedes kui ka kehavedelikus, mistõttu võib Eesti pooltoores 

veiseliha ning lehma toorpiim olla infektsiooni allikaks teistele peremeesorganismidele, 

sealjuures ka inimesele.  
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INTRODUCTION  

 

Toxoplasma gondii is a widespread single-celled parasite that has three infectious forms: 

tachyzoite, bradyzoite, and sporozoite, all potentially dangerous to all warm-blooded 

mammals and birds, including most livestock and humans (Tenter et al., 2000; Dubey, 2010). 

The life cycle and transmission of T. gondii can be complex (Dubey, 2010). In its host, the 

parasite multiplies rapidly and forms tissue cysts. In wild felids and domestic cats, the rapid 

multiplication stage is followed by oocyst formation in the intestines. Millions of oocysts are 

then shed in the feces and spread in the environment. The cat population is high in most 

areas of the world, and it has been estimated that there may be altogether as many as 200 

million cats (Woudt, 1990). Similarly, T. gondii can also be found worldwide, in the 

environment and in the hosts.  

 

It is estimated that up to one third of the worlds’ human population is infected with the 

parasite (Montoya and Liesenfeld, 2004; Dubey, 2010). Toxoplasmosis is mainly, but 

unfortunately not always, causing no severe symptoms in healthy and immunocompetent 

humans. However, in immunocompromised individuals, such as people with acquired 

immune deficiency syndrome (AIDS), T. gondii can cause severe clinical manifestations. 

The major risk group of severe toxoplasmosis, besides immunocompromised persons, are 

pregnant women who may infect their unborn child transplacentally, potentially resulting in 

congenital toxoplasmosis (Tenter et al., 2000; Montoya and Liesenfeld, 2004; Dubey, 2010).  

 

As the life cycle of T. gondii comprises both animals and humans, this parasite is as well of 

both medical and veterinary interest. Farm animals can be a source of human infection via 

bradyzoites or tachyzoites (Tenter et al., 2000; FAO/WHO, 2014). Bradyzoites in tissue 

cysts are considered to be most prevalent in sheep, goats and pigs, whereas cattle, poultry, 

dogs and horses seem to harbour tissue cysts less frequently (Tenter et al., 2000; Dubey, 

2004). Although cattle, according to numerous sources (Dubey, 1983; Dubey and Jones, 

2008; Jones and Dubey, 2012), has been considered to be a poor host for the parasite, they 

can get infected with T. gondii and carry tissue cysts (Dubey, 1986; 1992; Esteban-Redondo 

et al., 1999). There have been human toxoplasmosis outbreaks linked to consuming raw or 
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undercooked beef (Dubey, 2010; FAO/WHO, 2014). Cattle, being a traditional herbivorous 

host for the parasite, likely gets the infection when ingesting feed or water contaminated 

with sporulated oocysts originating from cat feces. Farms, pastures, feed and water can get 

contaminated with oocysts in various ways, either directly from cats or by vectors (Tenter et 

al., 2000). Infections can also be acquired transplacentally or via body fluids with tachyzoite 

stage of the parasite (Dubey 2010). In the veterinary field, T. gondii is of importance as well, 

as it can cause disease and losses due to abortions or congenital disease in newborns (Canada 

et al., 2002; Dubey 2010; Hussein et al., 2011; Calero-Bernal et al., 2014). 

 

The reason this study was conducted was that the prevalence of T. gondii infection in human 

and cat populations in Estonia are high (Janson et al., 2013; Must, 2014). Furthermore, the 

prevalence of T. gondii in wild boar, that are good indicators of the environmental 

contamination, is high as well (Velström et al., 2012). There have been no studies carried 

out before in Estonia to estimate the seroprevalence of anti-T. gondii antibodies in farm 

animals. Of the farm animals, the role of cattle in the epidemiology of the parasite and as 

source for human toxoplasmosis is not yet fully clear but should be explored further.  

 

The purpose of this study was to estimate the overall prevalence of antibodies against T. 

gondii in Estonian cattle, make a preliminary analysis of risk factors for the infection, and to 

review the relevant international literature, focusing on bovine toxoplasmosis. 
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1. LITERATURE REVIEW  

 

1.1. Toxoplasma gondii, a very particular parasite  

 

Toxoplasma gondii is considered one of the most successful parasites in the world due to its 

high number of host species and numerous transmission patterns that have enabled a wide 

spread in nature. Toxoplasma gondii belongs to the phylum Apicomplexa, subclass 

Coccidiasina, order Eimeriorina, and there is only one known species in the genus 

Toxoplasma (Dubey, 2010). After the discovery of its life cycle in 1970, this small parasite 

changed the definition of coccidia from being only single-host-specific parasites to also 

include multi-host pathogens with important public health and biological significance 

(Dubey et al., 2009).  

  

Inside the host, it is an obligatory intracellular organism, however, outside the host, in the 

environment, the oocyst form is able to survive and remain infective for a long time (Dubey, 

2010). Millions of oocysts are excreted in the feces of felids into the environment during the 

parasite sexual reproduction phase. However, during the asexual phase in all hosts, including 

humans and cattle, T. gondii is able to hide itself from the immune system and form tissue 

cysts (Dubey, 2010). 

 

 

1.1.1. Morphology and life cycle of the parasite 

 

Toxoplasma gondii, discovered in 1908 by Nicolle and Manceaux in tissues of a hamster-

like rodent called the gundi (Ctenodactylus gundi) (Nicolle and Manceaux, 2009), is a 

protozoan parasite, named after its morphology (Toxoplasma: mod. L. toxo = arc or bow, 

plasma = life) and the host gundi (Dubey, 2010). As mentioned before, the parasite presents 

itself in three infectious stages that form a complex life cycle with sexual or asexual 

reproduction phases (Gilot-Fromont et al., 2012). It is not known precisely how T. gondii 

evolved and started the cycle, but it is believed that it originated as a coccidian parasite of 

cats with faecal-oral cycle, and adapted to other transmission routes (eg. carnivorism, 
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transplacental) through domestication (Dubey, 2010). There is no marked beginning or end 

of the cycle as the stages can convert from one to another (tachyzoite to bradyzoite and vice 

versa) without an obvious need of sporozoites and the cats. However, the cats are considered 

to be the most important hosts for the parasite as they are a highly amplifying hosts and the 

place for the parasites’ sexual reproduction (Dabritz and Conrad, 2010). 

 

 

1.1.1.1. Sexual life cycle 

 

A full life circle which includes all three forms of the parasite can be described so that it 

starts and finishes in a cat. Nevertheless, T. gondii is able to survive and circulate in the 

nature without a cat being a part of the hosts (Jokelainen, 2013). The outcome of sexual cycle 

of T. gondii are oocysts and in a successful cycle, a release of sporozoites in another hosts’ 

digestive tract. Cats can become infected after the ingestion of any infectious form of the 

parasite (tachyzoites, bradyzoites or oocycsts) (Dubey, 2010). The apparently optimal way 

of infection for forming oocysts is infection with bradyzoites of tissue cysts. According to 

Dubey 2010, nearly all cats shed oocysts after ingesting tissue cysts. The parasites are 

released by proteolytic enzymes dissolving the wall of the cyst in the digestive system of a 

cat. The sexual replication phase, the main part of a sexual life cycle, begins two days after 

ingestion of tissue cysts in the epithelial cells of small intestines of cats. During the sexual 

replication, the formation of male (microgamonts) and female (macrogamonts) gamonts 

takes place in enterocytes. Male gamonts undergo microgametogenesis, where they leave 

behind a large residual body and become microgametes. After fertilization between mature 

macrogamonts and microgametes, the oocyst wall is formed. The completed forms have to 

survive outside a cell as the oocysts are released in the cat faeces. The time of shedding 

oocysts after the initial infection (prepatent period) in cat vary between 3-10 days after 

ingesting tissue cysts and is over 18 days after ingestion of oocysts or tachyzoites (Dubey, 

2010). At the time of shedding, oocysts are unsporulated and not infectious to hosts. The 

sporulation occurs in the environment on exposure to various climatic conditions (air, 

humidity, temperature) within 1-5 days (Dubey, 2010). During sporulation, the unsporulated 

oocyst (10-12 µm in diameter) becomes a sporulated oocyst (11-13 µm in diameter) with 

two sporocysts both containing four sporozoites. Thus each sporulated oocyst contains eight 

single-celled sporozoites (Dubey, 2010)  
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1.1.1.2. Asexual life cycle 

 

The asexual cycle occurs in all hosts and ends usually with formation of tissue cysts. This 

cycle is induced either by oocysts, bradyzoites in tissue cysts or tachyzoites (Dubey, 2010). 

After the sporulated oocysts ingestion, sporozoites excyst and penetrate cells of the intestinal 

epithelium. Sporozoites move quickly to various cells, mostly the vascular endothelium, 

fibroblasts, mononuclear cells and segmented leukocytes in the lamina propria (Dubey, 

2010). Sporozoites divide into two tachyzoites. Tachyzoites are responsible of the primary 

infection, and undergo rapid asexual multiplication by repeated endodyogeny. Tachyzoites 

are the forms predominating in acute toxoplasmosis. Tachyzoites are single-celled, crescent 

shaped, pointed headed, with a rounded posterior end, and sized approximately 2 x 6 µm. 

Having no visible means of locomotion with cilia, flagella or pseudopodia, they are still able 

to move by gliding, flexing, rotating or undulating. Tachyzoites become widely disseminated 

inside an organism during the parasitemia phase. They start to transform into bradyzoites 

with the increase of the hosts’ immune response. Bradyzoites are structurally similar to 

tachyzoites, single-celled, crescent-shaped, 5.0-8.5 µm long, but have a different nucleus 

position (nucleus in tachyzoites is centrally located and in bradyzoites in the posterior end). 

Bradyzoites multiply asexually by repeated endodyogeny, intracellularly within tissue cysts 

in a variety of tissues (Dubey, 2010). 

 

 

1.2. Transmission and distribution in the environment 

 

Toxoplasma gondii has developed a wide overlapping lists of transmission patterns. It has 

adapted to three main cycles (Figure 1) in relation to its three forms: oocyst-oral cycle in 

herbivores, omnivores and carnivores; tissue cyst-oral cycle in carnivores; and tachyzoite 

cycle in all hosts (Dubey, 2004). Moreover, we can classify the transmission as horizontal 

or vertical. The horizontal transmission between different host species or from the 

environmental reservoirs can be foodborne, waterborne, milk-borne, soil-transmitted, cat-

litter-box-derived, occupational, or iatrogenic. The vertical transmission of the parasite is 

blood-borne and can result in congenital toxoplasmosis (Dubey, 2004; 2010; Jones and 

Dubey, 2012). Even though all the three infectious forms can be zoonotic, tissue cysts in 
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undercooked meat from infected animals are considered to be the main risk factor for humans 

(Cook et al., 2000; Tenter et al., 2000). 

 

 

Figure 1. Transmission of Toxoplasma gondii. (Illustrated by Lauri Rahusoo and designed by Maarja 

Tagel) 

 

Tissue cysts have been found in many animals, but epidemiologically important, as infection 

sources to humans, are especially the farm animals, such as pigs, sheep, goats and cattle 

(Tenter et al., 2000). All these animals have been proven to acquire the infection and 

afterwards carry viable tissue cysts, although their distribution and persistence in tissues 

varies between host species (Dubey, 2010). Studies show that the number of cysts in meat 

from livestock is low, only one cyst may be present in 100g of meat (as reviewed in Hill and 

Dubey, 2002). However, during the meat processing, slicing and mixing, tissue cysts may 

rupture and release infectious bradyzoites (Dubey et al., 1998). The size of tissue cysts and 

the number of bradyzoites in them is dependent on the age of the cyst, the type of host cell, 

and the cytological method used for measurement: Younger tissue cysts may be 5 µm in 
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diameter, containing only two bradyzoites, whereas older tissue cysts may contain numerous 

bradyzoites (Dubey et al., 1998). Tissue cysts are more prevalent in neural and muscle 

tissues, although they may also be located in visceral organs, such as liver, lungs or kidneys 

(Dubey, 1993; Dubey et al., 1998). In most livestock, tissue cysts may persist viable for 

several years or even for the life of the host (Dubey, 1993; 2010). Tissue cysts may also 

rupture and reactivate a latent infection inside the live host due to various reasons, many of 

them still probably unknown (Dubey et al., 1998). As bradyzoites are not resistant to high 

heat, the infection from tissue cysts can be avoided by conventional cooking of meat: the 

inner meat temperature should reach 66 ˚Ϲ or higher (Dubey, 2010). Other procedures, like 

salting, curing or microwave cooking, might not be reliable enough to kill bradyzoites 

(Dubey, 2010), whereas freezing (-12 ˚Ϲ or lower) for more than two days, irradiation, high-

pressure and acidity (2% salt) can be effective (Kijlstra and Jongert, 2008). 

 

Tachyzoites are susceptible to environmental conditions. They are unable to survive outside 

of the host organism and usually destroyed by gastric secretions (Dubey, 2010). Tachyzoites 

can be transmitted transplacentally, by blood transfusion or by organ transplantation, as well 

as by accidents in laboratories (Dubey, 2010). Toxoplasma gondii tachyzoites can be 

transmitted by any type of raw milk from infected animals (Tenter et al., 2000; EFSA, 2015). 

Semen can also contain tachyzoites (Scarpelli et al., 2009; Lopes et al., 2013). 

 

Oocysts, the environmentally resistant form of the parasite, are probably distributed very 

widely in the nature. The cat population is estimated to parallel human population (Dubey, 

2010; Jokelainen, 2013). Different studies worldwide have showed that up to 100% of cats 

can found to be seropositive for T. gondii, and seropositive cats are thought to have 

contaminated the environment with oocysts (Dubey, 2010). After the sporulation, oocysts 

may remain infective for several years, depending on the surrounding climatic conditions 

(Dubey, 2010). Moist soil, sand, or surface water offer favorable conditions for T. gondii 

oocyst, while dryness and temperatures over 50 °C or less than 4 °C will inhibit the 

sporulation process, and heating will kill the oocyst (Dubey, 2010; Lélu et al., 2012). 

Freezing and most of the disinfectants do not kill T. gondii oocysts, but ultraviolet rays and 

heating to 55-60 °C are deleterious to them (Dubey, 2010). 

 

The environmental oocysts pose an infection risk to the hosts in gardens, sand boxes and in 

all places where cats that have gotten the infection are allowed to roam freely (Dabritz and 
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Conrad, 2010). After being shed, oocysts can end up contaminating food and water, or to 

pastures, hay or feed intended for farm animals.  

 

 

1.3. The infections and clinical disease in humans 

 

Toxoplasma gondii infections in humans are present globally, but the prevalence varies 

geographically and between populations (Dubey, 2010). This is thought to be due to different 

cooking habits, the level of hygiene, the environment and implemented preventive measures. 

Higher prevalences are found in people who are in contact with soil and animals (Dubey, 

2010). As oocysts need a humid climate to survive, the infections tend to be more common 

in lower altitudes and wet areas than in higher altitudes and dry areas (Dubey, 2010). The 

seroprevalence usually increases with age (Montoya and Liesenfeld, 2004).  

 

Toxoplasma gondii is a well-adapted parasite and once inside a host, it may persist dormant 

in tissues for a long time, even a lifetime – or cause a severe disease. Human toxoplasmosis 

symptoms depend on the parasite infectious stage, virulence of the parasite strain, and age 

and physical condition of the infected human (Montoya and Liesenfeld, 2004). The infection 

is usually followed by non-specific symptoms such as fatigue, weakness, listlessness, 

malaise, headache, excessive sweating, muscle and joints pains, fever, lymphadenopathy, 

and ocular signs (Montoya and Liesenfeld, 2004; Dubey, 2010). Most of the signs resolve 

after one to several weeks, while lymphadenopathy, weakness and malaise may persist for 

months. As most of the mild symptoms are similar to those seen also in other diseases, 

suspicion of toxoplasmosis is often based on the long-lasting enlargement of lymph glands 

(Montoya and Liesenfeld, 2004; Dubey, 2010). 

 

Severe cases of toxoplasmosis that may lead to life-threatening complications, especially in 

humans with suppressed immune system, for example with anti-tumor therapy or people 

with AIDS, can result either from acute infection or reactivation of a previous, latent 

infection (Montoya and Liesenfeld, 2004; Dubey, 2010). Clinically, the most significant 

illnesses in these cases are encephalitis, chorioretinitis, pneumonitis and other systemic 

diseases (Montoya and Liesenfeld, 2004). In pregnant women, T. gondii can be 

transplacentally passed to fetus which can cause abortion or congenital toxoplasmosis 
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(Montoya and Liesenfeld, 2004). The risk to aquire transplacental infection increases during 

pregnancy, whereas severity of the disease decreases (Montoya and Liesenfeld 2004). While 

neonates that are infected with T. gondii in the first trimester of pregnancy, may present 

hydrocephalus, seizures, retinochorioiditis, deafness, hepatosplenomegaly, jaundice or rash, 

neonates infected later in pregnancy are usually not showing severe clinical signs. The 

clinical toxoplasmosis (retinochoroidal lesions or mental retardness) may also occur later in 

life (Dunn et al., 1999). 

 

In FAO/WHO (2014) global ranking of 24 foodborne parasites, T. gondii was scored to the 

fourth place. Furthermore, in a study regarding 14 foodborne pathogens in the United States 

carried out by Hoffmann and colleagues (2012), annual cost of toxoplasmosis was calculated 

to reach 3.0 billion dollars. Toxoplasma gondii occupied the second place after nontyphoidal 

Salmonella enterica (3.3 billion dollars) and was followed by Listeria monocytogenes (2.6 

billion dollars). Due to the 14 foodborne pathogens altogether, they estimated a loss of 61000 

quality-adjusted life years (QALY), and 11000 of those were estimated to be due to T. gondii. 

This protozoan parasite was also ranked high in another study with 14 foodborne pathogens 

in the Netherlands by Havelaar and colleagues (2009). While the overall disease burden in 

the Netherlands according to their study was 13500 disability-adjusted life years (DALY), 

T. gondii was responsible for 3620 DALY per year (27% of total). The contribution of 

congenital toxoplasmosis was 2270 DALY per year, and the contribution of acquired 

toxoplasmosis was 1350 DALY per year, despite only chorioretinitis was included in the 

latter.  

 

In Estonia, some data on human cases of T. gondii is available since 1997 (EFSA, ECDC, 

2013). In 2004, the highest incidence rate was reported and 16 cases were registered. In 

contrast to few reported cases, studies conducted by Birgisdottir et al. (2006) and Janson et 

al. (2013) report high seroprevalences of T. gondii-specific IgG antibodies: 54.9% and 

56.4%, respectively. There are no special monitoring system or routine screening of 

toxoplasmosis, thus the surveillance is mainly based on detecting symptomatic 

toxoplasmosis.  
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1.4. The infections and clinical disease in cattle  

 

1.4.1. Epidemiology  

 

As stated by Dubey (2010), coccidiosis is one of the most economically important diseases 

of poultry, cattle, sheep, goats, and many other herbivores; it is difficult to raise livestock 

coccidia-free. Toxoplasma gondii antibodies have been found worldwide in 0 to 99% of 

cattle (Tenter et al., 2000; Cook et al., 2000; Klun et al., 2006; Moré et al., 2007; Santos et 

al., 2009; Dubey, 2010; Lopez et al., 2013; Matsuo et al., 2014). Especially the highest 

seroprevalences should however be interpreted with caution, due to methodological issues 

(Dubey, 2010).  

 

In general, cattle is considered to be relatively resistant to T. gondii infections (Kijlstra and 

Jongert, 2008; Dubey, 2010), since success to recover the parasite from tissues of naturally 

infected cattle have been modest. Nevertheless, in many studies, beef is considered to be the 

most important source of human infections (Baril et al., 1999; Cook et al., 2000; Opsteegh 

et al., 2011), while some reports have indicated that beef would not have an important role 

in the epidemiology of human toxoplasmosis (Dubey, 1986). 

 

Cows (˃ 18 months of age), being herbivorous animals, likely get the infection from the 

environmental oocyst reservoir, for example by ingesting feed or water contaminated with 

T. gondii oocysts. They might also get the infection by accidentally eating a rodent or other 

host carrying tissue cysts. The infection is possible also via semen from infected hosts 

(Scarpelli et al., 2009). Calves may acquire the infection prenatally, via placenta (Canada et 

al., 2002; Costa et al., 2011), or postnatally via milk (Dubey, 1986; EFSA, 2015) or from 

other feed, water or the environment. Heifers, from the age 7 to 18 months, most likely get 

the infection from the same sources, feed, water or the environment, as adult cows. 

 

Seroprevalence of T. gondii in cattle varies in different geographical regions (Dubey, 2010), 

apparently depending on the climatic conditions that are relevant for the sporulation and 

survival of oocysts. The prevalence is higher in places with higher humidity and warmer 

climate, that is, better oocysts survival conditions (Klun et al., 2006).   
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Prevalence in different age groups varies as well. Animals less than one year have tested 

more often positive than older cows (Costa et al., 1977; Dubey, 1986; Gilot-Fromont et al., 

2009; Yildiz et al., 2009; Elfahal et al., 2013). This may be due to maternal antibodies. 

Moreover, the antibody titers in cattle may decrease over time (Elfahal et al., 2013). Also 

with other testing, such as PCR, calves had higher prevalence (Berger-Schoch et al., 2011). 

This is in contrast with the results from many other hosts, where prevalence usually increases 

with age (Dubey 2010; Opsteegh et al., 2011).  

 

Little appears to be reported about the farm-level risk factors of bovine T. gondii infections, 

but prevalences appear to depend on the herd size. Small herds have had higher prevalences 

than large herds (Klun et al., 2006; Holec-Gąsior et al., 2013). 

  

 

1.4.2. Clinical infections  

 

There have been relatively few studies focusing on the clinical signs of cattle with 

toxoplasmosis. In general, the clinical signs in cattle are often nonspecific and considered 

mild. However, T. gondii can cause a severe infection in cattle, especially in calves and 

heifers (Esteban- Redondo et al., 1999; Canada et al., 2002; Costa et al., 1977; 2011).  

 

The first natural infection in cattle was thought to be reported by Sanger et al. (1953), with 

major losses and even death in younger animals. Esteban-Redondo et al. (1999) detected 

clinical signs in 10 calves aged 6-7 months during the first week after infection with T. 

gondii. All animals showed an increased respiratory rate and a febrile response. Temperature 

rose on day 5 and returned to reference values on day 9. In another experiment with six male 

Holstein calves aged 3 months, rise in temperature was first noted around day 2, lasted until 

day 15, and by day 30 all the calves had normal body temperature (Costa et al., 1977). 

Hyperthermia started earlier if the calf was inoculated subcutaneously, the orally inoculated 

calves had hyperthermia later. All inoculated animals had respiratory difficulties, mostly 

cough and nasal discharge, and episodes of diarrhea were observed in all animals. Dubey 

and Thulliez (1993) observed mild anorexia and diarrhea between 4 and 10 days post 

infection in four steers inoculated orally with T. gondii oocysts. In a more recent study, 

hyperthermia was observed from the days 4 to 22 post infection (Costa et al., 2011). In 

general, cattle with toxoplasmosis may develop pyrexia, loss of appetite, diarrhea and 
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respiratory distress in the first two weeks after the infection, but usually the animals recover 

within 3 weeks (Stalheim et al., 1980; Dubey, 1986; Esteban-Redondo and Innes, 1997).  

 

Reproductive disorders in livestock cause problems to the livestock industry and economy. 

Before the discovery of Neospora caninum, which is now considered to be a major cause of 

cattle coccidian abortions, it is probable that the cause for reproductive problems in cattle 

was sometimes misdiagnosed as T. gondii (Thilsted and Dubey, 1989). These two protozoan 

parasites are morphologically similar and may also co-exist in the same host (Gottstein et 

al., 1998; Yu et al., 2007; Dubey, 2010; Panadero et al., 2010). Even though T. gondii is not 

a major cause in bovine abortions, there are studies reporting reproductive disorders, such 

as abortions due to the infection and congenital toxoplasmosis in calves (Gottstein et al., 

1998; Canada et al., 2002; Ortega-Mora et al., 2007; Gharekhani, 2014). The transplacental 

T. gondii transmission in cattle was described for the first time by Stalheim et al. (1980). 

While studying T. gondii infections in experimentally infected gestating cows, the group 

isolated T. gondii from the brain and liver of four cows, from the placenta of two cows and 

from the gastric contents of two fetuses. A more recent study (Gottstein et al., 1998) detected 

T. gondii DNA in 5% of bovine fetuses, and one fetus was positive for both N. caninum and 

T. gondii antibodies. Costa et al. (2011) examined 50 gestating cows and nine tested 

seropositive for T. gondii. Of these nine animals, one fetus also had antibodies against T. 

gondii, and the parasite was isolated by bioassay in the cerebral and retinal tissue samples 

from fetuses of three seropositive cows.  

 

 

1.4.3. Isolation of viable tissue cysts 

 

Since the role of beef in human infections with T. gondii has been unclear and the presence 

of specific antibodies might not reflect the actual infectious situation of meat, detection of 

parasite in tissues is important (Opsteegh et al., 2011). In most farm animals, such as pigs 

and sheep, detection of T. gondii specific antibodies and the presence of tissue cysts have a 

strong correlation (Dubey, 2010), while the correlation for cattle is questionable (Opsteegh 

et al., 2011). Until the end of the 20th century, when Dubey (1992) first discovered viable T. 

gondii from naturally infected cow, there was a belief that cattle was a resistant host of this 

parasite. Only few successful tissue cyst recoveries have been reported. Scarpelli et al. 

(2009) experimentally infected eighteen 11 to 12 month old cattle (9 Bos taurus and 9 Bos 
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indicus) with T. gondii. All these animals were hosting viable T. gondii in tissues, which was 

confirmed using bioassay. The organs with parasites were the liver and spleen, retina, brain, 

lung, lymph nodes, testicles, skeletal musculature and seminal vesicle. In one Argentina 

study by Moré and colleagues (2008), T. gondii DNA was found in two myocardium samples 

from seropositive animals, but the isolation of the organisms was not attempted. 

Interestingly, in another study (Opsteegh et al., 2011), T. gondii DNA was found in tissues 

of two seronegative cattle, while in none of the seropositive animals.  

 

The resistance to T. gondii in cattle is thought to be due to fast tissue cyst elimination, rapid 

reduction of the parasite burden to undetectable levels, inconsistent tissue cyst formation, or 

unknown factors (Dubey, 1983; 1986). Nevertheless, assuming that cattle is not a resistant 

host for the parasite, the major difficulty in detecting tissue cysts would probably be the size 

of a cow and the limits of the size of samples examined (Esteban-Redondo et al., 1999). Not 

detecting tissue cysts does not necessarily mean that the meat is free of T. gondii, as the 

parasite may be present in unexamined parts of tissues (Dubey, 1992; Esteban-Redondo et 

al., 1999). Dubey (1983) marked a decrease in recovery of T. gondii in tissues by bioassay 

between 6-8 days post infection from all the studied 17 calves and six cows. Opsteegh and 

colleagues (2011) have also proposed that the parasite could be detected by direct assays 

only in recently infected animals, when the parasite load is high enough. At this stage, these 

animals may not have developed antibodies yet and appear as seronegative. Furthermore, 

seropositive animals may have parasites present at levels below the detection limits. Dubey 

et al. (2005) tested over 6000 samples of meat (beef, chicken and pork) obtained from retail 

meat stores. Although beef was not found positive, by bioassay in cats, they considered a 

possibility that the animals could have had too low parasite burden to be detected with the 

laboratory methods. Moreover, postharvest processing, like chilling and pumping, might 

have affected the viability of T. gondii tissue cysts.  

 

 

1.5. Diagnosis  

 

As the clinical signs of toxoplasmosis are usually nonspecific, and in farm animals a detailed 

clinical history is often lacking, laboratory tests are needed for final diagnosis. In laboratory 

tests, infection with T. gondii can either be diagnosed directly or indirectly. The direct 
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detection of the parasite can be done by microscopy (histopathology, cytology), bioassays 

of tissues in laboratory mice or cats, or by detection of T. gondii DNA. For indirect methods 

there are several procedures, in particular for detecting antibodies that indicate a previous 

infection (Dubey, 2010).  

 

 

1.5.1. Direct detection methods 

 

During the acute phase of toxoplasmosis, tachyzoites may be detected by microscopic 

examination in body fluids and tissues. This method shows insufficient reliability if the 

parasite load is low (Luptakova et al., 2012). Dubey (1986) noted that in cattle, T. gondii 

were usually microscopically seen only when their number was ˃ 10 000/g of tissue.  

 

For the isolation of T. gondii from infected animals, bioassays of the tissues in mice and cats 

have been used (Dubey 2010), and cell cultures can be used as well (Jokelainen 2013). 

Samples for inoculation and bioassay depends upon circumstances. The samples taken from 

cattle for bioassay should be from places where the organism is recovered more likely, such 

as the mesenteric lymph nodes, intestines, liver, heart, skeletal muscles, kidneys and 

diaphragm (Dubey, 2010). Dubey (1983) recovered ten to 10 000-fold more T. gondii from 

mesenteric lymph nodes and intestines than from liver and lungs of calves. By the time 

toxoplasmosis is suspected in cattle, they have probably formed tissue cysts and are 

chronically infected. This means the number of T. gondii in the tissues is low and it may be 

necessary to concentrate T. gondii in the inoculum. Thus a pepsin (which destroys 

tachyzoites) or trypsin digestion method is used for destroying the tissue cysts wall and 

releasing bradyzoites into the suspension (Dubey, 2010). The suspension is then inoculated 

by subcutaneous or intraperitoneal route into mice. For larger volumes of tissues (such as 

cattle), T. gondii free cats have been used, by feeding them the tissues (Dubey, 2010). For 

the diagnosis, mice brain is examined for T. gondii tissue cysts and cat feces are examined 

for oocysts (Esteban-Redondo et al., 1999; Dubey, 2010).  

 

Since bioassay in mice and cats are time consuming and ethically questionable, molecular 

methods, such as detection of parasitic DNA with polymerase chain reaction (PCR) is 

recommended (Esteban-Redondo et al., 1999). PCR is known to be highly sensitive, specific 

and fast for the diagnosis of T. gondii infection. Moreover, the results resemble those from 
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mouse inoculation (Esteban-Redondo et al., 1999; Dubey, 2010). For PCR, amniotic fluid, 

blood, samples of tissues and cerebrospinal fluid can be used as specimens. PCR-methods 

can also be used for genotyping (Luptakova et al., 2012, Jokelainen 2013). Since the 

distribution of tissue cysts and the density of the parasite in bovine tissues can be low, the 

sensitivity of PCR may be limited due to small amount of samples tested (Esteban-Redondo 

et al., 1999).  

 

 

4.5.2. Indirect detection methods 

 

It is often easier and faster to use serologic tests instead of direct parasite detection methods. 

Many serologic tests are available for detecting antibodies to T. gondii infection. Mostly 

immunoglobulin G (IgG) and immunoglobulin M (IgM) antibodies are detected by Sabin-

Feldman dye test (DT), indirect hemagglutination (IHA), indirect fluorescent antibody 

(IFA), direct or modified agglutination test (DAT or MAT), latex agglutination test (LA) 

and enzyme-linked immunoabsorbent assay (ELISA) (Dubey, 2010). However, none of 

these methods alone are suitable for confirming the diagnosis of acute toxoplasmosis, as the 

antibodies may persist several years. In many hosts, the first exposure to T. gondii triggers 

the increase in IgM levels and this is followed by increase in IgG levels (Dubey, 2010). 

 

The Sabin-Feldman dye test is considered to be the definitive test for human toxoplasmosis, 

due to its high sensitivity and specificity. It is based on a complement-mediated neutralizing 

type of antigen-antibody reaction where live tachyzoites are used as antigen. When the test 

serum contains no antibodies to T. gondii, the tachyzoites in the test are stained with a dye 

(methylene blue), and when the test serum contains specific antibodies to T. gondii, 

tachyzoites are not stained. The dye test gives false or erratic results with bovine samples 

due to natural globulin in bovine sera (Dubey 1985; 2010).  

 

Agglutination tests have been used widely for the diagnosis of toxoplasmosis in humans and 

animals. They are species independent, easy to perform with commercial kits, and safe 

(Dubey, 2010). The most recommended agglutination test for cattle sera (Dubey, 2010) is 

the direct or modified agglutination test, commercially available as Toxo-Screen DA 

(bioMérieux, Charbonnières Beins, France). The test detects only IgG antibodies while IgM 

antibodies are denatured by 2-mercaptoethanol. Thus the test may give false negative results 
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in the early stage of an infection (Dubey, 2010). The test works with whole blood, serum, 

and plasma, including hemolysed samples (Dubey, 2010; Jokelainen, 2013).  

 

In latex agglutination test, the soluble antigen is coated on latex particles, and in indirect 

hemagglutination test, the soluble antigen is coated on tanned red blood cells. Positive results 

are observed when the agglutination with antibody occurs. While IHA detects only IgG 

antibodies, LAT does not differentiate between immunoglobulin classes. Furthermore, IHA 

may be nonspecific for animals with titers lower than 1:128 and as well the sensitivity in 

LAT for livestock could be improved (Dubey, 2010). In the indirect fluorescent antibody 

test, killed tachyzoites and fluorescent-labeled antispecies IgG are used to detect antibodies. 

For reading the results, fluorescent microscope is needed (Dubey, 2010).  

 

The enzyme-linked immunosorbent assay tests are widely used to detect anti-T. gondii 

antibodies (Dubey, 2010). The principal of ELISA is the antigen-antibody reaction that is 

visualized by the addition of a secondary enzyme-linked antibody-antigen system. The 

results in antibody identification are seen as colors (Dubey, 2010). 

 

 

1.6. Control measures 

 

1.6.1. Prevention 

 

The infection with T. gondii and toxoplasmosis can be prevented by various methods in all 

its hosts.  

 

The sources of human T. gondii infections are the parasites in the tissues of other hosts and 

the parasites in the environment, and the control measures should be also on both those levels 

(Dubey, 2010; EFSA, 2015). Since the transmission of oocysts to humans can occur by 

ingesting food or water contaminated with cat feces, it is important to wash all vegetables 

and fruits before consumption. As oocysts can also be found in soil contaminated with cat 

feces, gardening and soil handling should be done with gloves. Cat litter boxes ought to be 

cleaned daily, before oocyst sporulation (Dubey, 2010). Human infection via bradyzoites in 

meat can be acquired when handling or eating undercooked meat. In order to kill T.gondii 
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tissue cysts in meat, the internal meat temperature should reach at least 66 ˚Ϲ (Dubey 2010). 

Freezing may also kill T.gondii in tissues (Dubey, 2010). Tachyzoites in milk can be 

efficiently killed by pasteurization (Dubey, 2010). When looking at the epidemiological 

picture from a larger scale, the best method in preventing human toxoplasmosis would be to 

keep animals (particularly domestic cats and livestock) free of T. gondii.  

 

In farm animals, the most important source of T. gondii are the oocysts. Oocysts may be 

found in all places where cats that have the infection have been allowed to defecate. 

Epidemiological studies have concluded that pastures may be the most common source of 

infection (Ortega-Mora et al., 2007) due to field treatments with manure and beddings from 

farms where infected cats have lived. To prevent T. gondii infection in farm animals, the 

most important is to avoid feline fecal contamination of feed, bedding, water and pastures. 

Moreover, appropriate rodent control helps to prevent the infection of the farm animals (and 

cats) via ingestion of infected rodents (Jones and Dubey, 2012).  

 

There is currently no vaccine against toxoplasmosis available for cattle.  

 

 

1.6.2. Treatment  

 

The drugs that are used against T. gondii are mostly effective in acute toxoplasmosis, against 

tachyzoites in their replication phase. A combination of pyrimethamine and sulfadimidine 

has been effective in treatment of toxoplasmosis in sheep (Buxton, 2007). Little is known 

regarding treatment in cattle.   
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2. AIMS OF THE STUDY  

 

The general aim of this study was to investigate Toxoplasma gondii infections in cattle in 

Estonia to further evaluate the local epidemiology of the parasite. The specific aims were: 

 

1. to estimate the prevalence of specific anti-T. gondii IgG antibodies in a representative 

sample of cattle from various regions of Estonia; 

2. to determine and evaluate risk factors for T. gondii infections in cattle in Estonia. 

 

The main hypothesis of this study was that the overall seroprevalence in cattle in Estonia 

would be higher than that reported elsewhere in Europe with similar method and cut-off for 

seropositivity (Lopez et al., 2013), because T. gondii antibodies are highly prevalent in cats, 

humans and wild boar in Estonia (Must, 2014; Birgisdottir et al., 2006; Janson et al., 2013; 

Velström et al., 2013).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

 

 

3. MATERIALS AND METHODS  

 

3.1. Study design and sampling  

 

The study was a nationwide epidemiological cross-sectional observational study of 

naturally-acquired T. gondii infections in cattle.  

 

As reported in the Estonian Animals Recording Centre, there were 92134 dairy cows and 

27299 beef cows registered in Estonia in 2013 (Jõudluskontrolli Keskus, (JKK), 2014). The 

total population of dairy cattle was estimated to be higher, 97100 animals. According to the 

results in JKK, the total cattle population was estimated to be 124399 animals. All 

additionally used data for herd and animal risk factor evaluation included in this study were 

provided by Estonian Agricultural Registers and Information Board (PRIA).  

 

The sample size calculations were done beforehand with OpenEpi (Dean et al. 2015) and 

Survey Toolbox v. 1.04 (AusVet Animal Health Services). The calculations were based on 

reported prevalences from other studies (e.g. Lopes et al., 2013). The calculations took into 

consideration the clustering of the cattle on farms. The number of sera included per farm 

was five to 30 samples. The calculations were based on expected seroprevalence of 10% 

with test sensitivity of 96.22% and test specificity of 98.8%. 

 

Originally, the samples were collected for enzootic Bovine Leukosis surveillance and 

eradication program, and no ethical clearance was needed for this study using the surplus 

from the collected samples. The blood samples had been collected and centrifuged by local 

veterinarians as a part of the unrelated national disease monitoring program, carried out by 

PRIA from March 2012 to February 2013. The blood samples for this study were randomly 

selected from the frozen (stored at –20˚Ϲ) sample bank. After the analysis, the rest of the 

sera were again frozen. Samples were stored and analyzed coded. 
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3.1.1. Herd categorization 

 

This study included 4020 animals from 227 farms from 15 Estonian counties. For risk factors 

evaluation, the animals were categorized into binary or categorized variables. The tested 

animals originated from various farm types and presented several breeds. The main 

categorizations included in the evaluation done for this thesis work were: farm type 

(dairy/beef/mixed farm and small/large herds) and farm location. 

 

Based on the production type, the following criteria were used to divide the farms into three 

groups: Dairy farms consisted of >4 lactating cows and ≤4 meat animals. Beef farms had a 

reverse classification: >4 meat animals and ≤4 lactating cows. Farms with ˃4 lactating cows 

and ˃4 meat animals were defined as mixed farms. Based on the size of a herd, herds 

consisted of ≤ 100 animals were considered as small and ≥ 101 animals in herd were stated 

as a large herd. The herd size cut-off value is similar to what has been proposed by JKK 

(2014) for the average herd size.  

 

 

3.2. Serologic examination  

 

After the thawing of the frozen serum samples, they were analyzed with a commercial direct 

agglutination test (DAT; Toxo-Screen DA, bioMérieux, Marcy-L’Étoile, France), a 

screening test for the presence of specific anti-T. gondii IgG antibodies. Toxo-Screen DA is 

a commercially available version of the MAT. In this method, the formalin-treated T. gondii 

parasites agglutinate if the serum contains specific anti-T. gondii IgG antibodies, and 

possible IgM antibodies are denaturated by 2-mercaptoethanol.  

 

The serology was carried out at the Department of Infectious Diseases, Institute of 

Veterinary Medicine and Animals Sciences, Estonian University of Life Sciences, Tartu. It 

was performed according to the instructions recommended by the manufacturer during the 

time period between June 2013 and October 2013. The cut-off used for seropositivity was 

1:100. All plates included two wells (for dilutions 1:40 and 1:4000) for both the positive and 

negative controls provided with the kit, as well as antigen control. The results were read in 

a well-lighted room after 18h, using a metal box with a mirror inside it for illumination from 
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below the plate. Good lightning helped to eliminate any problems caused by background 

color in hemolyzed samples. For recording of the results we used a four-point scale: 

 

0 – seronegative – a button  

1 – seronegative – a ring or mat covering less than half of the bottom of the well 

2 – seropositive – a large mat covering at least half of the bottom of the well 

3 – seropositive – an unshrunken mat covering the majority of the bottom of the well  

 

This recording method helped to recognize the clear positives, and all those showing a 

borderline reactions were interpreted as negatives. The further analysis and interpretation of 

the results was done based on a dichotomous outcome: seropositive = 1 and seronegative = 

0.   

 

 

3.3. Statistical analysis  

 

For preliminary descriptive evaluation of proportions and for simple comparisons, open 

source software for epidemiological statistics (OpenEpi, Dean et al., 2015) was used. In this 

work, only simple, preliminary univariable statistical analyses were made. Confidence 

intervals were calculated using Mid-P Exact, and P-values ˂ 0.05 were considered 

statistically significant. Descriptive statistics and tables were created in Microsoft Excel 

2013.  
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4. RESULTS  

 

Altogether 4020 cattle serum samples from 227 farms were included in this study, 

representing 3.2% from the total cattle population in Estonia in 2012 (JKK, 2014). We tested 

1754 animals (43.6% of the samples) from 98 dairy farms, 2004 animals (49.9% of the 

samples) from 114 beef farms and 262 animals (6.5% of the samples tested) from 15 mixed 

farms. Altogether 2343 animals (58.3% of the samples) from 157 small herds and 1677 

animals (41.7% of the samples tested) from 70 large herds were included. The largest herd 

consisted of 2396 animals and the smallest had six animals, the mean number of animals per 

herd was 149 animals (48 was median). The mean number of animals in small herds (≤ 100 

animals) was 45 animals (42 median) and in the large herds, respectively, 434 animals (359 

median).  

 

 

4.1. Toxoplasma gondii seroprevalence  

 

Specific anti-T. gondii IgG antibodies were detected in 748 animals out of 4020 at the 

dilution of 1:100, making the overall apparent seroprevalence 18.6% (95% confidence 

interval 17.4-19.8%; Table 1). Seropositive individuals were found in 159 out of 227 herds 

(70.4%; 95% CI 63.8-75.7). 

 

 

4.2. Risk factors 

 

No significant differences were found in seroprevalences in animals from dairy or beef farms 

(Table 1). Of altogether 1754 animals classified as cattle from dairy farms, 312 animals were 

found to be seropositive (17.8%; 95% CI 16.1-19.6). Of 2004 animals from beef farms, 341 

tested seropositive (17.0%; 95% CI 15.4 -18). The seroprevalence in animals from mixed 

farms was significantly higher than the seroprevalence in animals from other production 

types (P < 0.001). Of altogether 262 animals, 95 tested seropositive (36.3%; 95% CI 30.6-

42.2). 
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Similarly, no significant difference in seroprevalence in animals from small or large herds 

were observed (Table 1). Of altogether 2343 animals from small herds, 442 tested positive 

(18.9%; 95% CI 17.3-20.5), whereas 306 animals out of 1677 from large herds tested 

positive (18.2%; 95% CI 16.5-20.2). 

 

The seroprevalence by county varied from 7.4% to 49.1% (Table 1, Figure 2). No clear 

gradient or other geographical pattern was evident.  

 

 

 

 

Figure 2. Map of Estonia showing T. gondii seroprevalence in cattle 
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Table 1. Toxoplasma gondii seroprevalence in cattle in Estonia, by selected categories 

 

Categories No. of farms No. of 

animals 

No. of 

positive 

animals 

%; 

95% CI 

 

Dairy farm 98 1754 312 17.8;  

(16.1-19.6) 

Beef farm 114 2004 341 17.0;  

(15.4-18.7) 

Mixed farm 15 262 95 36.3;  

(30.6-42.2) 

Small herd 

(≤ 100) 

157 2343 442 18.9;  

(17.3-20.5) 

Large herd  

(≥ 101) 

70 1677 306 18.3;  

(16.5-20.2) 

Harjumaa 13 199 46 23.1;  

(17.7.-29.4) 

Ida-Virumaa 11 154 36 23.4;  

(17.4-30.7) 

Hiiumaa 7 152 12 7.9;  

(4.5-13.4) 

Jõgevamaa 12 175 13 7.4;  

(4.3-12.4) 

Järvamaa 18 287 61 21.3;  

(16.9-26.4) 

Lääne-

Virumaa 

20 340 56 16.5;  

(12.9-20.8) 

Läänemaa 15 416 43 10.3;  

(7.7-13.7) 

Põlvamaa 4 55 27 49.1;  

(36.4-61.9) 

Pärnumaa 12 244 74 30.3;  

(24.9-36.4) 

Raplamaa 20 329 109 33.1;  

(28.3-38.4) 

Saaremaa 41 672 100 14.9;  

(12.4-17.8) 

Tartumaa 14 290 56 19.3;  

(15.2-24.3) 

Valgamaa 15 280 29 10.4;  

(7.3-14.5) 

Viljandimaa 6 69 15 21.7;  

(13.5-32.9) 

Võrumaa 19 311 71 22.8;  

(18.5-27.8) 

Total 227 4020 748 18.6; 

(17.4-19.8) 

 



30 
 

Majority of the farms had at least one positive animal (Figure 3). Altogether 68 (30.0%, 95% 

CI 24.5-36.2) of the farms had no seropositive animals, whereas 92 (40.5%, 95% CI 34.3-

47.0) of the farms had at least three seropositive animals.  

 

  

Figure 3. Number of Toxoplasma gondii seropositive cattle detected per farm in Estonia, by 

randomly sampling 5 – 30 animals per farm. 

 

Almost half of the dairy farms (44.9%; 95% CI 35.2-55.0) had three or more positive 

animals, while one fourth of dairy farms (25.0%; 95% CI 17.0-34.0) had no animals testing 

seropositive (Table 2). In beef farms, 35.0% (95% CI 26.0-43.3) of farms had three or more 

seropositive animals, while a similar proportion of farms had none (37.0%; 95% CI 28.4-

46.0). In mixed farms, 60% (35.0-82.0) of farms had three or more seropositive animals and 

13.3% had none (95% CI 2.3-38.0). 

  

Table 2. The number of T. gondii seropositive cattle by farm in Estonia, in three 

production types, by randomly sampling 5 – 30 animals per farm.   

Farm type Number  

of farms 

Number of seropositive animals detected per farm  

0 positive 1 positive 2 positives  ≥ 3 positives  

Dairy farm 98 24 15 15 44 

Beef farm 114 42 16 17 39 

Mixed farm 15 2 2 2 9 

Total 227 68 33 34 92 
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While 39.0% (95% CI 30.0-45.0) of small herds had no positive animals, 17.1% (95% CI 

10.0-27.3) of large herds had no positive animals (Table 3). Moreover, 34.0% (95% CI 27.0-

41.4) of small herds had three or more animals seropositive, whereas 54.3% (95% CI 43.0-

66.0) of large herds had three or more animals seropositive.  

 

 Table 3. The number of T. gondii seropositive cattle by farm in Estonia, in small and large 

cattle herds, by randomly sampling 5-30 animals per farm. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Farm size  Number 

of farms 

Number seropositive animals detected per farm 

0 positive 1 positive 2 positives  ≥ 3 positives 

Small herd  

(≤ 100 

animals) 

157 58 24 22 53 

Large herd  

(≥ 101 

animals) 

70 12 9 11 38 

Total 227 68 33 34 92 
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5. DISCUSSION  

 

Toxoplasma gondii in cattle and its transmission to other hosts from cattle is considered to 

be an understudied topic. This study adds to the knowledge on the topic, and is of relevance 

both nationally and internationally. Dubey and Jones (2008) stated that "The ingestion of 

beef or dairy products is not considered important in the epidemiology of T. gondii because 

cattle are not a good host for this parasite. However, we cannot be sure that beef does not 

play a role in T. gondii transmission as only relatively small amounts of beef have been 

tested for viable T. gondii parasites." These two sentences take the situation nicely together: 

it has been believed that cattle is not a good host for the parasite and the infection would not 

be well transmitted via cattle-derived products, but the testing suffers from uncertainty due 

to sampling and methods available. In the recent literature, cattle as a source of foodborne 

toxoplasmosis have received more attention and confirmation (Opsteegh et al., 2011; 

FAO/WHO, 2014; EFSA, 2015).  

 

 

5.1. Study  

 

This study was a nationwide observational cross-sectional serosurvey on naturally-acquired 

T. gondii infections in cattle. The sample was taken from a large sample bank, and the sample 

size was sufficient for a good estimate of seroprevalence. The final number of animals (4020) 

included in the statistical analyses is 3.3% of the expected total cattle population registered 

in Estonia. 

 

All the information used for this thesis study analysis were provided by PRIA. The 

information was mostly based on herd level not on animal level, and data about some 

possible risk factors, such as age, sex, physical condition and clinical history, were 

unavailable. The results are only valid for adult cattle, as no calves were included in the 

study. Moreover, it was unfortunately not possible to make a specific questionnaire to farms 

in order to acquire more information about the farm management system or whether there 

are cats on the farm.  
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5.2. Toxoplasma gondii seroprevalence  

 

The overall seroprevalence (18.6%) indicates that cattle in the Estonian farms are commonly 

exposed to T. gondii. As herbivorous animals, cattle most likely get the infection from 

oocyst-oral route from the environment, thus the result indirectly indicates also the presence 

of oocyst contamination in the farm environment. Contaminated farm poses an infection risk 

also to other hosts sharing the same environment. Cats living in farms are assumedly often 

fed with raw milk and allowed to hunt, which may lead to T. gondii infection and then 

shedding of new oocysts in the environment. Moreover, humans, especially farmers, who 

spend a lot of their time in farms, dealing with animal feeds or beddings, are potentially 

under occupational risk. This point of view appears to be new as farm environment has not 

been associated as a source of infection to humans in the literature. Furthermore, there have 

been no literature on farm animals as indicators for risk to others.  

 

Since a direct method for T. gondii detection, such as observation of tissue cysts, is currently 

not available, the serological techniques and detecting antibodies are a suitable alternative. 

Our serological method, the direct agglutination test, has been widely used for screening of 

anti-T. gondii IgG antibodies and has been recommended by e.g. Dubey (2010). This method 

has been used in previous studies conducted in the same laboratory by graduating students 

(Velström et al., 2013; Must et al., 2014), and was thus convenient and allows comparing 

the results from different animals in Estonia.  

 

The DAT has high sensitivity (96.2%; 95% CI 94.6-97.4) and high specificity (98.8%; 95% 

CI 96.5-99.6), according to the manufacturer, but the test is meant for human samples. DAT 

or MAT with cut-off titer of 1:100 appears to give the most reliable results regarding T. 

gondii infection status in cattle (Dubey, 2010). Cross-reactions with e.g. anti-Neospora 

caninum antibodies were not expected. The cut-off value 1:100, which we used in this study, 

can be regarded as high, and only clear positives were interpreted as positives. Some false-

negative results may be due to prozone phenomenon. This occurs when antibody 

concentration is excessively higher than antigen concentration and the agglutination process 

is inhibited as few or no antibodies bind more than one antigen particle. Further dilution 

would give positive results (Jokelainen, 2013).  
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As many other methods besides MAT are available and many different cut-off values are 

used to define a sample seropositive, it is difficult to compare our results with those of others. 

The same cut-off value (1:100) in MAT was used in Portugal by Lopez et al. (2013) with the 

result of 7.5% seropositive animals. Our result is significantly higher than that result, as was 

expected (P < 0.001; main hypothesis). In that study, no animals tested positive at higher 

dilutions (1:400, 1:1600 and 1:6400). In Serbia, Klun et al. (2006), used the same method, 

but with different sample dilutions (1:25 – 1:400). While one third of animals were positive 

at dilution 1:25, 2% were positive at 1:400. The Dubey’s book (2010, Table 8.1) lists one 

study from the United States with similar serologic method and cut-off (MAT, 1:100) in 

cattle, with 5% seropositive animals. According to these studies, Estonia has the highest T. 

gondii seroprevalence in cattle so far reported with this method and cut-off. Compared with 

others, mostly European studies, that used the same serology method, but lower cut-off 

value, our Estonian study found lower T. gondii seroprevalence than what has been reported 

from Italy: Lombardia with 91.8% with cut-off of 1:32 and Sicily with 20.6% with cut-off 

of 1:16, Serbia with 76.3% with cut-off of 1:25, and Portugal with 43% with cut-off of1:10 

(Dubey, 2010: Table 8.1). The seroprevalence in Estonia with cut-off of 1:100 is higher 

when compared with the results from Nortwest Spain with 7.3% with cut-off of 1:40 

(Panadero et al., 2010), France with 7.8% with cut-off of 1:24 (Gilot-Fromont et al., 2009), 

and Argentina with 14.4% with cut-off of 1:25 (Moré et al., 2008). Taken together, the results 

of different studies indicate that T. gondii seroprevalences in cattle are indeed challenging 

to compare. 

 

 

5.3. Risk factors 

 

There was no significant difference in seroprevalences in animals from beef farms and dairy 

farms. Other studies have had varying results in this regard. One study by Yu et al. (2007) 

found T. gondii seroprevalence to be higher in dairy farms, whereas Matsuo et al. (2014) 

detected highest seroprevalence in beef cattle. Based on what I have learned in my veterinary 

studies, beef cattle in Estonia are mostly extensively raised, spending more time out on 

pastures, whereas dairy cattle are usually raised intensively indoors. Our result thus indicates 

that environmental T. gondii oocyst contamination in Estonia is evenly distributed on both 
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pastures and farm buildings. Both beef and raw milk from Estonian cattle might pose 

infection risk to other hosts.  

 

Significantly higher seroprevalence (36.3%) was observed in animals from mixed farms. It 

could be that these farms are not so specialized in terms of production, and the management 

style could include less strict biosafety measures. 

 

In contrast to other studies, our study found no significant difference between the 

seroprevalences in animals from large herds and animals from small herds. Gilot-Fromont 

et al. (2009) found a negative correlation between herd size and seroprevalence. Similar 

correlation was detected also by Klun et al. (2006). Our result, detecting no significant 

difference between the two groups, may be due to relatively high cut-off value (herds with 

≤ 100 animals were small herds) to categorize the herds. According to our result, cattle are 

evenly commonly exposed to T. gondii in both small and large herds in Estonia. However, 

among the 5 – 30 animals sampled, small herds had more often no animal that tested positive 

than large herds did. Similarly, there were fewer small herds with three or more animals that 

tested positive than there were large herds, 34.0% and 54.3%, respectively. This requires 

further analysis but may suggest that, in Estonia, large herds may be more commonly 

exposed to the parasite than small herds. This would be in contrast to what has been reported 

elsewhere (Klun et al., 2006; Gilot-Fromont et al., 2009; Holec-Gąsior et al., 2013), and may 

be regarded as unexpected, as farms with fewer animals could be assumed to use less strict 

biosafety measures than farms with many animals.  

 

Even with the high cut-off value to define an animal seropositive and sampling 5 – 30 

samples per farm, it was evident that on most farms, there were several seropositive animals 

(Tables 1-3; Figure 3). This indicates that the parasite is present on most farms and has 

reached several hosts there. Despite no seropositive animals were found in 30% of the farms, 

it does not exclude the parasite’s presence on those farms, because only a small number of 

animals were sampled per farm (5-30) and there might be some false-negatives due to high 

cut-off, detecting only one antibody class, and testing only one dilution of each serum. 

 

There was no clear geographical gradient or other pattern among the results from 15 Estonian 

counties (Table 1, Figure 2), thus the farm location within Estonia was not a significant risk 

factor for bovine infections with T. gondii. The cattle from Põlvamaa had a higher 
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seroprevalence (49.1%) but the sample size from that area was limited. Cattle from 

Pärnumaa and Raplamaa had higher seroprevalences as well (30.3% and 33.1%, 

respectively). Most counties had seroprevalences reasonably similar to the overall 

seroprevalence, indicating a common exposure to the parasite. Estonia is a small country and 

the landscape and climatic differences that may affect the parasite survival in the 

environment are likely of limited importance. On a global scale, the results of this study 

show that living on a farm in Estonia is a risk factor for cattle to encounter T. gondii.  

 

High seroprevalence in a herbivorous farm animal host species indirectly indicates that the 

farm environment is contaminated with oocysts, and better preventive measures should be 

taken into use on the farm level. Preventing the farm animals, in this case cattle, from 

ingesting T. gondii is relevant from both animal welfare point of view and public health point 

of view. If cattle do not get T. gondii infection, there will not be no clinical bovine 

toxoplasmosis cases. Furthermore, cattle-derived products are a potential risk factor for 

humans: beef is often served undercooked and raw milk has gained popularity. If cattle do 

not get T. gondii infection, there will be no T. gondii in the cattle-derived products, meat and 

milk, either. 
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CONCLUSIONS  

 

Toxoplasma gondii antibodies were commonly detected in cattle in Estonia. This shows that 

the parasite is widely present in the environment and there is a fecal-oral infection route to 

these herbivorous hosts. The environmental oocyst contamination presents a risk to all hosts 

living or working in the same environment with the cattle. Additionally, undercooked beef 

and raw milk from Estonia could serve as T. gondii infection source to humans and other 

hosts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

 

 

REFERENCES  

 

Baril, L., Ancelle, T., Goulet, V., Thulliez, P., Tirard-Fleury, V., Carme, B. (1999). Risk 

factors for Toxoplasma infection in pregnancy: a case-control study in France. – 

Scandinavian Journal of Infectious Diseases. Vol. 31, No. 3, pp. 305-309.  

 

Berger- Schoch, A. E., Herrmann, D. C., Schares, G., Müller, N., Bernet, D., Gottstein, 

B., Frey, C. F. (2011). Prevalence and genotypes of Toxoplasma gondii in feline faeces 

(oocysts) and meat from sheep, cattle and pigs in Switzerland. – Veterinary Parasitology. 

Vol. 177, No. 3-4, pp. 290-297.  

 

Birgisdottir, A., Asbjörnsdottir, H., Cook, E. Gislason, D., Jansson, C., Olafsson, I., 

Gislason, T., Jõgi, R., Thjodleifsson, B. (2006). Seroprevalence of Toxoplasma gondii in 

Sweden, Estonia and Iceland. - Scandinavian Journal of Infectious Diseases. Vol. 38, No. 8, 

pp. 625-631. 

 

Canada, N., Meireles, C. S., Rocha, A., da Costa, J. M. C., Erickson, M. W., Dubey, J. 

P. (2002). Isolation of Viable Toxoplasma gondii From Naturally Infected Aborted Bovine 

Fetuses. – The Journal of Parasitology. Vol. 88, No. 6, pp. 1247-1248.  

 

Cook, A. J. C., Gilbert, R. E., Buffolano, W., Zufferey, J., Petersen, E., Jenum, P. A., 

Foulon, W., Semprini, A. E., Dunn, D. T. (2000). Sources of toxoplasma infection in 

pregnant women: European multicentre case-control study. – British Medical Journal. Vol 

321, No. 7254, pp. 142-147.  

 

Costa, A. J., Araujo, F. G., Costa J. O., Lima, J. D., Nascimento, E. (1977). Experimental 

infection of bovines with oocysts of Toxoplasma gondii. – The Journal of Parasitology. Vol 

63, No. 2, pp. 212-218.  

 

Costa, G. H. N., Jose da Costa, A., Lopes, W. D. Z., Bresciani, K. D. S., Rabelo dos 

Santos, T., Esper, C. R., Santana, A. E. (2011). Toxoplasma gondii: Infection natural 



39 
 

congenital in cattle and an experimental inoculation of gestating cow with oocysts. – 

Experimental Parasitology. Vol. 127, No. 1, pp. 277-281.  

 

Dabritz, H. A., Conrad, P. A. (2010). Cats and Toxoplasma: Implications for Public Health. 

– Zoonoses Public Health. Vol. 57, pp. 34-52.  

 

Dean, A. G., Sullivan, K. M., Soe, M. M. (2015). OpenEpi: Open Source Epidemiologic 

Statistics for Public Health. Version 3.03a. Available from http://www.openepi.com. 

 

Dubey, J. P. (1983). Distribution of cysts and tachyzoites in calves and pregnant cows 

inoculated with toxoplasma gondii oocysts. – Veterinary Parasitology. Vol. 13, pp. 199-211.  

 

Dubey, J. P. (1985). Serologic evaluation of cattle inoculated with Toxoplasma gondii: 

Comparison of Sabin-Feldman dye test and other agglutination tests. – American Journal of 

Veterinary Research. Vol. 46, No. 5, pp. 1085-1088.  

 

Dubey, J. P. (1986). A review of toxoplasmosis in cattle. – Veterinary Parasitology. Vol. 

22, No. 3-4, pp. 177-202.  

 

Dubey, J. P. (2004). Toxoplasmosis – a waterborne zoonosis. – Vet. Parasitol. Vol. 126, pp. 

57-72. 

 

Dubey, J. P. (2008). The History of Toxoplasma gondii – The First 100 Years. – The Journal 

of Eukaryotic Microbiology. Vol. 55, No. 6, pp. 467-475.  

 

Dubey, J. P. (2009). History of the Discovery of the Life Cycle of Toxoplasma gondii. – 

International Journal for Parasitology. Vol. 39, No. 8, pp. 877-882.  

 

Dubey, J. P. (2010). Toxoplasmosis of Animals and Humans, 2nd Edition. Boca Raton: 

CRC Press. 313 pp.  

 

Dubey, J. P., Jones, J.L. (2008). Toxoplasma gondii infection in humans and animals in the 

United States. – Int. J. Parasitol. Vol. 38, pp. 1257-1278. 

 

http://www.openepi.com/


40 
 

Dubey, J.P., Thulliez, M. D. (1993). Persistence of tissue cysts in edible tissues of cattle 

fed Toxoplasma gondii oocysts. – American Journal of Veterinary Research. Vol. 54, No. 

2, pp. 270-273.  

 

Dubey, J. P., Lindsay, D. S., Speer, C. A. (1998). Structures of Toxoplasma gondii 

Tachyzoites, Bradyzoites and Sporozoites and Biology and Development of Tissue cysts. – 

Clinical Microbiology Reviews. Vol. 11, No. 2, pp. 267-299.  

 

Dunn, D., Wallon, M., Peyron, F., Petersen, E., Peckham, C., Gilbert, R. (1999). Mother-

to-child transmission of toxoplasmosis: risk estimates for clinical counselling. – The Lancet. 

Vol. 353, pp. 1829-1833.  

 

Elfahal, A. M., Elhassan, A. M., Hussien, M. O., Enan, K. A., Musa, A. B., El Hussein, 

A. M. (2013). Seroprevalence of Toxoplasma gondii in Dairy Cattle with Reproductive 

Problems in Sudan. – ISRN Veterinary Science. 4 p.  

  

European Food Safety Authority EFSA, European Centre for Disease Prevention and 

Control ECDC. (2013). The European Union Summary Report on Trends and Sources of 

Zoonoses, Zoonotic Agents and Food-borne Outbreaks in 2011. – EFSA Journal. Vol. 11, 

No. 4, pp. 250.  

 

European Food Safety Authority EFSA. (2015). Scientific Opinion on the public health 

risks related to the consumption of raw drinking milk. EFSA Panel on Biological Hazards 

(BIOHAZ). – EFSA Journal. Vol. 13, No. 1, pp. 95. 

 

Esteban- Redondo, I., Innes, E. (1997). Toxoplasma gondii infection in sheep and cattle. – 

Comp. Immun. Microbiol. Infect. Dis. Vol. 20, No. 2, pp. 191-196.  

 

Esteban- Redondo, I., Maley, S. W., Thomson, K., Nicoll, S., Wright, S., Buxton, D., 

Innes, E. A. (1999). Detection of T. gondii in tissues of sheep and cattle following oral 

infection. – Veterinary Parasitology. Vol. 86, No. 3, pp. 155-171.  

 

Estonian Animal Recording Centre, JKK. (2014). Results of animal recording in Estonia 

2013. Jõudluskontrolli Keskus. pp. 52.  



41 
 

 

FAO/WHO (Food and Agriculture Organization of the United Nations/World Health 

Organization). (2014). Multicriteria-based ranking for risk management of food-borne 

parasites. Microbiological Risk Assessment Series. No. 23, pp. 302. 

 

Gharekhani, J. (2014). Seroprevalence of Neospora caninum and Toxoplasma gondii 

infections in aborted cattle in Hamedan, Iran. – J. Adv. Vet. Anim. Res. Vol. 1, No. 2, pp. 32-

35.  

 

Gilot-Fromont, E., Aubert, D., Belkilani, S., Hermitte, P., Gibout, O., Geers, R., 

Villena, I. (2009). Landscape, herd management and within-herd seroprevalence of 

Toxoplasma gondii in beef cattle herds from Champagne-Ardenne, France. – Veterinary 

Parasitology. Vol. 161, No. 1-2, pp. 36-40. 

 

Gottstein, B., Hentrich, B., Wyss, R., Thür, B., Busato, A., Stärk, K. D. C., Müller, N. 

(1998). Molecular and immunodiagnostic investigations on bovine neosporosis in 

Switzerland. – International Journal for Parasitology. Vol. 28, pp. 679-691.  

 

Havelaar, A. H., Haagsma, J. A., Mangen, M.-J. J., Kemmeren, J. M., Verhoef, L. P. 

B., Vijgen, S. M. C., Wilson, M., Friesema, I. H. M., Kortbeek, L. M., van Duynhoven, 

Y. T. H. P., van Pelt, W. (2012). Disease burden of foodborne pathogens in the Netherlands, 

2009. – International Journal of Food Microbiology. Vol. 156, No. 3, pp. 231-238.  

 

Hill. D., Dubey, J. P., (2002). Toxoplasma gondii: transmission, diagnosis and prevention. 

– Clinical Microbiology and Infection. Vol. 8, No. 10, pp. 634-640.  

 

Hoffmann, S., Batz, M. B., Morris, JR, J. G. (2012). Annual Cost of Illness and Quality-

Adjusted Life Year Losses in the United States Due to 14 Foodborne Pathogens. – Journal 

of Food Protection. Vol. 75, No. 7, pp. 1292-1302.  

 

Holec-Gąsior, L., Drapała, D., Dominiak-Górski, B., Kur, J. (2013). Epidemiological 

study of Toxoplasma gondii infection among cattle in Northern Poland. – Annals of 

Agricultural and Environmental Medicine. Vol. 20, No. 4, pp. 653-656. 

 



42 
 

Hussein, M. F., Almufarrej, S. I., Aljumaah, R. S., Al-Saiady, M. Y., Elnabi, A., Zaid, 

A. (2011). Serological prevalence of Toxoplasma gondii and its association with abortion in 

sheep in Saudi Arabia. – Acta Veterinaria. Vol. 61, No. 4, pp. 405-414.  

 

Janson, M., Neare, K., Hytt, P., Orro, T., Viltrop, A., Lassen B. (2013). Zoonotic parasite 

infections among Estonian veterinarians compared with general population. In: Tropical 

Medicine and International Health: 8th European Congress on Tropical Medicine and 

International Health, Denmark, September 10-13, 2013., 100-100.  

 

Jokelainen, P. (2013). Wild and Domestic Animals as Hosts of Toxoplasma gondii in 

Finland. Doctoral Dissertation. University of Helsinki, Finland. 

 

Jones, J. L., Dubey, J. P. (2012). Foodborne Toxoplasmosis. – Clinical Infectious Diseases. 

Vol. 55, No. 6, pp. 845-851.  

 

Jõudluskontrolli Keskus, (JKK), Estonian Animals Recording Centre. (2014). Eesti 

jõudluskontrolli aastaraamat 2013, Results of Animal Recording in Estonia 2013, pp. 52.  

 

Kijlstra, A., Jongert, E. (2008). Control of the risk of human toxoplasmosis transmitted by 

meat. – International Journal for Parasitology. Vol. 38, No. 12, pp. 1359-1370. 

 

Kijlstra, A., Meerburg, B., Cornelissen, J., Craeye, de S., Vereijken, P., Jongert, E. 

(2008). The role of rodents and shrews in the transmission of Toxoplasma gondii to pigs. – 

Veterinary Parasitology. Vol. 156, No. 3-4, pp. 183-190.  

 

Klun, I., Djurković-Djaković, O., Katić-Radivojević, S., Nikolić, A. (2006). Cross-

sectional survey on Toxoplasma gondii infection in cattle, sheep and pigs in Serbia: 

Seroprevalence and risk factors. – Veterinary Parasitology. Vol. 135, No. 2, pp. 121-131.  

 

Lélu, M., Villena, I., Dardé, M.-L., Aubert, D., Geers, R., Dupuis, E., Marnef, F., Poulle, 

M-L., Gotteland, C., Dumčtre, A., Gilot-Fromont, E. (2012). Quantitative Estimation of 

the Viability of Toxoplasma gondii oocysts in Soil. – Applied and Environmental 

Microbiology. Vol. 78, No. 15, pp. 5127-5132. 

 



43 
 

Lopes, A. P., Dubey, J. P., Neto, F., Rodriques, A., Martins, T., Rodriques, M., Cardoso, 

L. (2013). Seroprevalence of Toxoplasma gondii infection in cattle, sheep, goats and pigs 

from the North of Portugal for human consumption. Veterinary Parasitology, Vol. 193, No. 

1-3, pp. 266-269. 

 

Luptakova, L., Petrovova, E., Mazensky, D., Valencakova, A., Balent, P. (2012). 

Toxoplasmosis in Livestock and Pet Animals in Slovakia. – Toxoplasmosis - Recent 

Advances. InTech, pp. 198. 

 

Lydersen, S., Fagerland, M. W., Laake, P. (2009). Recommended Tests for Association 

in 2 x 2 Tables. – Statistics in Medicine. Vol. 28, No. 7, pp. 1159-1175. 

 

Matsuo, K., Kamai, R., Uetsu, H., Goto, H., Takashima, Y., Nagamune, K. (2014). 

Seroprevalence of Toxoplasma gondii infection in cattle, horses, pigs and chickens in Japan. 

– Parasitology International. Vol. 63, No. 4, pp. 638-639.  

 

Montoya, J. G., Liesenfeld, O. (2004). Toxoplasmosis. Lancet, Vol. 363, No. 9425, pp. 

1965-1976. 

 

Moré, G., Basso, W., Bacigalupe, D., Venturini, M. C., Venturini, L. (2008). Diagnosis 

of Sarcocystis cruzi, Neospora caninum and Toxoplasma gondii infections in cattle. –

Parasitol Res. Vol. 102, No. 4, pp. 671-675. 

 

Moore, D. P., Regidor-Cerillo, J., Morell, E., Poso, M. A., Cano, D. B., Leunda, M. R., 

Linschinky, L., Odeón, A. C., Odriozola, E., Ortega-Mora, L. M., Campero, C. M. 

(2008). The role of Neospora caninum and Toxoplasma gondii in spontaneous bovine 

abortion in Argentina. – Veterinary Parasitology. Vol. 156, No. 3-4, pp. 163-167.  

 

Nicolle, C., Manceaux, L. H. (2009). On a leishman body infection (or related organisms) 

of the gondi. – International Journal for Parasitology. Vol. 39, pp. 863-864.  

 

Opsteegh, M., Teunis, P., Züchner, L., Koets, A., Langelaar, M., van der Giessen, J. 

(2011). Low predictive value of seroprevalence of Toxoplasma gondii in cattle for detection 

of parasite DNA. – International Journal of Parasitology. Vol. 41, No. 3, pp. 343-354.  



44 
 

 

Ortega-Mora, L. M., Gottstein, B., Conraths, F. J., Buxton, D. (2007). Protozoal 

Abortions in Farm Ruminants: Guidelines for Diagnosis and Control. – CAB International, 

pp. 309.  

 

Panadero, R., Painceira, A., López, C., Vázquez, L., Paz, A., Díaz, P., Dacal, V., 

Cienfuegos, S., Fernández, G., Lago, N., Díez-Baños, P., Morrondo, P. (2010). 

Seroprevalence of Toxoplasma gondii and Neospora caninum in wild and domestic 

ruminants sharing pastures in Galicia (Northwest Spain). – Research in Veterinary Science. 

Vol. 88, No. 1, pp. 111-115.  

 

Sanger, V. L., Chamberlain, D. M., Chamberlain, K. W., Cole, C.R., Farrell, R. L. 

(1953). Toxoplasmosis. V. Isolation of Toxoplasma from Cattle. – Journal of the American 

Veterinary Medical Association. Vol. 123, No. 917, pp. 87-91.  

 

Santos, T. R., Costa, A. J., Toniollo, G. H., Luvizotto, M. C. R., Benetti, A. H., Santos, 

R. R., Matta, D. H., Lopes, W. D. Z., Oliveira, J. A., Oliveira, G. P. (2009). Prevalence 

of anti-Toxoplasma gondii antibodies in dairy cattle, dogs and humans from the Jauru micro-

region, Mato Grosso state, Brazil. – Veterinary Parasitology. Vol. 161, No. 3-4, pp. 324-

326.  

 

Scarpelli, L., Lopes, W. D. Z., Migani, M., Bresciani, K. D. S., Jose da Costa, A. (2009). 

Toxoplasma gondii in experimentally infected Bos taurus and Bos indicus semen and tissues. 

– Pesq. Vet. Bras. Vol. 29, No. 1, pp. 59-64.  

 

Thilsted, J. P., Dubey, J. P. (1989). Neosporosis-like abortions in a herd of dairy cattle. – 

J. Vet. Diagn. Invest. Vol. 1, pp. 205-209.  

 

Tenter, A. M., Heckeroth, A. R., Weiss, L. M. (2000). Toxoplasma gondii: from Animals 

to Humans. – International Journal for Parasitology. Vol. 30, No. 12-13, pp. 1217-1258.  

 

Velström, K., Lassen, B., Jokelainen, P. (2013). Toxoplasma gondii antibody prevalence 

in Estonian wild boars. In: Tropical Medicine and International Health: 8th European 

Congress on Tropical Medicine and International Health & 5th Conference of the 

javascript:__doPostBack('ctl00$ContentPlaceHolder1$PortaalIsikuPublikatsioonid1$GridView1$ctl16$LinkButton1','')
javascript:__doPostBack('ctl00$ContentPlaceHolder1$PortaalIsikuPublikatsioonid1$GridView1$ctl16$LinkButton1','')
javascript:__doPostBack('ctl00$ContentPlaceHolder1$PortaalIsikuPublikatsioonid1$GridView1$ctl16$LinkButton1','')


45 
 

Scandinavian-Baltic Society for Parasitology, 10–13 September 2013, Copenhagen, 

Denmark. Wiley-Blackwell, 226 - 226. 

 

Woudt, B. D. (1990). Roaming, stray, and feral domestic cats and dogs as wildlife problems. 

– University of Nebraska, Lincoln. Proceedings of the Fourteenth Vertebrate Pest 

Conference. Paper 78.   

 

Yildiz, K., Kul, O., Babur, C., Kilic, S., Gazyagci, A. N., Celebi, B., Gurcan, I. S. (2009). 

Seroprevalence of Neospora caninum in dairy cattle ranches with high abortion rate: Special 

emphasis to serologic co-existance with Toxoplasma gondii, Brucella abortus and Listeria 

monocytogenes. – Veterinary Parasitology. Vol. 164, No. 2-4, pp. 306-310.  

 

Yu, J., Xia, Z., Liu, Q., Liu, J., Ding, J., Zhang, W. (2007). Seroepidemiology of Neospora 

caninum and Toxoplasma gondii in cattle and water buffaloes (Bubalus bubalis) in the 

People’s Republic of China. – Veterinary Parasitology. Vol. 143, No. 1, pp. 79-85.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

javascript:__doPostBack('ctl00$ContentPlaceHolder1$PortaalIsikuPublikatsioonid1$GridView1$ctl16$LinkButton1','')
javascript:__doPostBack('ctl00$ContentPlaceHolder1$PortaalIsikuPublikatsioonid1$GridView1$ctl16$LinkButton1','')


46 
 

 

 

ACKNOWLEDGMENTS 

 

My deepest gratitude goes to my supervisors Pikka Jokelainen and Brian Lassen. Help and 

guidance from them have been enormous, full of valuable up to date knowledge and 

suggestions. In addition, they have always been highly encouraging and very patient with 

me. Thank you! 

I thank Arvo Viltrop for his help in conceptualizing the idea of this study and his great help 

in sample size statistics. I would like to extend my gratitude to Kädi Neare, who helped us 

with acquiring samples and preparing the dataset.  

I thank The Estonian Agricultural Registers and Information Board for providing us with the 

data for our risk factor analysis.  

I am grateful to farmers for their contributions in the sampling and I am also thankful to the 

Estonian Veterinary and Food Board for providing us the samples, and veterinarians for 

collecting the samples and preparing the sera for analysis.  

Funding was from Estonian Research Council, health promotion research programme TerVe 

3.2.1002.11-0002 EKZE-SS. 

I also take the opportunity and thank NJF for their seminar in Tartu and SBSP for the nice 

welcome at their 6th conference in Uppsala, Sweden. Presenting this data in these 

international meetings was a valuable experience, and a good possibility to get the first 

international feedback on the results and the study.  

I thank lovely Epp Klaasen for helping me in the laboratory with the huge number of serum 

samples. She made the laboratory part enjoyable. 

I thank farmers and human medical doctors for their interest in this study.  

Last but not least, I thank my family. My partner Lauri, who has been by my side and 

supported me through all the good and bad times, emotions and experiences. Furthermore, I 

appreciate his effort in making my writing days as comfortable as possible. 

I am as well thoroughly thankful to my parents for being in my life and for their interest in 

my schoolwork and my wellbeing. Moreover, I am very lucky to have siblings, who are 

unconditionally always by my side. Thank you for listening my thoughts.  

 

 



47 
 

 

 

APPENDICES 
 

Appendix I 

 

Non-exclusive licence for depositing the final thesis and opening it for the public and 

the supervisors’ confirmation for allowing the thesis for the defence 

 

Hereby I,  Maarja Tagel, 07.03.1989,  

 

 

1. grant Eesti Maaülikool, the Estonian University of Life Sciences, a free-of-

charge non-exclusive licence to store the final thesis titled Toxoplasma gondii 

seroprevalence in cattle in Estonia, supervised by Pikka Jokelainen and Brian 

Lassen, for 

1.1. preservation; 

1.2. depositing a digital copy of the thesis in the archive of DSpace and 

1.3. opening it for the public on the Web until the validity of the term of 

protection of copyright. 

2. I am aware that the author retains the same rights as listed in point 1; 

3. I confirm that by being issued the CC licence no rights deriving from the 

Personal Data Protection Act and the Intellectual Property Rights Act have been 

infringed. 

 

Author of the final thesis ………………………………………….. 

(signature) 

In Tartu, 25.05.2015 

 

_________________________________________________________________ 

The core supervisors’ approval for the final thesis to be allowed for defence 

This is to confirm that the final thesis is allowed for defence. 

  

Pikka Jokelainen 

………………………………………………………………………………….. 

Supervisors’ name and signature     Date 

 

 

Brian Lassen 

…………………………………………………..……………………………….. 

Supervisors’ name and signature    Date 

 


