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Abstrakt  

Přibližně třetina lidí na světě je nakažena parazitickým prvokem Toxoplasma gondii 

(T. gondii). Kromě klasických zdrojů infekce je v poslední době diskutován pohlavní 

přenos parazita, který byl potvrzen již u mnoha druhů zvířat. U lidí jej však podporují jen 

nepřímé důkazy.  

V naší studii jsme zjistili, že rizikovým faktorem pro nákazu T. gondii u žen byla 

Toxoplasma-séropozitivita jejich sexuálního partnera. Tyto výsledky podpořily hypotézu 

jednosměrného přenosu z mužů na ženy pohlavní cestou. Dále jsme navrhli hypotézu 

přenosu T. gondii během orálního sexu v případě, že neinfikovaný jedinec pozře ejakulát 

infikovaného muže. Pokud by ejakulát obsahoval tkáňové cysty parazita, lze očekávat 

podobný způsob infekce jako při pozření parazita v syrovém mase. Za účelem zjistit, zda se 

T. gondii opravdu nachází ve spermatu mužů, jsme následně provedli studii, ve které jsme 

jako první prokázali přítomnost tkáňových cyst parazita ve spermatu mužů s latentní 

toxoplazmózou.  

Vliv toxoplazmózy byl následně sledován také v souvislosti s reprodukčními funkcemi. 

Vyšší prevalence toxoplazmózy byla zjištěna u neplodných mužů v porovnání s kontrolami. 

V další přiložené studii jsme zjistili, že latentní toxoplazmóza negativně ovlivňovala počet 

a pohyblivost spermií. Negativní vliv latentní toxoplazmózy na parametry spermatu byl 

navíc silnější u subpopulace kuřáků. Je také známo, že s neplodností bývají mimo jiné 

spojovány i deprese a úzkosti, ale výsledky studií vlivu T. gondii na deprese jsou 

rozporuplné. V poslední studii provedené na párech z centra asistované reprodukce jsme 

ukázali, že toxoplazmóza ovlivňovala depresivitu u mužů a žen opačným směrem, u mužů 

ji snižovala a u žen zvyšovala. Nejnižší skóry depresivity měli Toxoplasma-pozitivní muži 

s patologickým spermiogramem. 

Změny v chování, osobnosti a parametrech plodnosti člověka způsobené T. gondii by 

mohly být buď vedlejšími účinky patologických procesů v těle infikovaného hostitele 

a nebo produktem manipulační aktivity parazita zaměřené na zvýšení pravděpodobnosti 

přenosu do definitivního hostitele. Je však také možné, že se jedinci mohou lišit ve 

vnímavosti k infekci T. gondii nebo vykazovat různé úrovně rizikového chování, které 

vedou k větší pravděpodobnosti získání infekce. Výsledky studií u experimentálně 

nakažených zvířat však podporují hypotézu změn vyvolaných infekcí.  

Klíčová slova:  

Toxoplazmóza, pohlavní přenos, orální sex, reprodukce, spermie, depresivita 



 

 

Abstract 

Approximately one-third of the world's population is infected with the parasitic protozoan 

Toxoplasma gondii (T. gondii). Besides the classical sources of infection, sexual 

transmission of the parasite has recently been discussed and confirmed in many animal 

species. However, only indirect evidence supports this mode of transmission in humans.  

Our study found that Toxoplasma-seropositivity of sexual partner was a risk factor for 

T. gondii infection in women. These results supported the hypothesis of unidirectional 

male-to-female sexual transmission. We further proposed the hypothesis of T. gondii 

transmission during oral sex when an uninfected individual ingests the ejaculate of an 

infected man. If the ejaculate contained tissue cysts of the parasite, a mode of infection 

similar to ingesting the parasite in raw meat would be expected. To determine whether 

T. gondii is indeed present in the semen of men, we subsequently conducted a study in 

which we were the first to demonstrate the presence of tissue cysts of the parasite in the 

semen of men with latent toxoplasmosis.  

The impact of toxoplasmosis was also investigated in relation to reproductive functions. 

A higher prevalence of toxoplasmosis was found in infertile men compared to controls. In 

our study, we found that latent toxoplasmosis negatively affected sperm count and 

motility. Moreover, the negative effect of latent toxoplasmosis on semen parameters was 

stronger in smokers. It is also known that depression and anxiety are associated with 

infertility but the results of studies on the effect of T. gondii on depression are inconsistent. 

In our study on couples from the center for assisted reproduction, we showed that 

toxoplasmosis affected depression in men and women in opposite directions; it decreased 

in men and increased in women. Toxoplasma-positive men with a pathological 

spermiogram had the lowest depression scores. 

Changes in behaviour, personality, and human fertility parameters caused by T. gondii 

could be either side effects of pathological processes in the body of the infected host or the 

product of the manipulative activity of the parasite aimed at increasing the probability of 

transmission to the definitive host. However, it is also possible that individuals may differ 

in their susceptibility to T. gondii infection or exhibit different levels of risk behaviours 

that lead to a greater likelihood of acquiring infection. However, the results of studies in 

experimentally infected animals support the hypothesis of infection-induced changes.  

Keywords:  

Toxoplasmosis, sexual transmission, oral sex, reproduction, sperm, depression 
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1. Úvod 

Toxoplasma gondii (T. gondii) je jedním z nejčetnějších parazitických prvoků u lidí 

v rozvinutých zemích. Prevalence toxoplazmózy se v lidské populaci pohybuje mezi 

20 a 80 % v závislosti na věku, kulturních a stravovacích zvyklostech, hygienických 

standardech a environmentálních faktorech (Tenter et al., 2000).  

T. gondii je klasickým modelem pro studování manipulační hypotézy, která říká, že se 

u parazitů vyvinula schopnost měnit fenotyp hostitele za účelem zvýšení pravděpodobnosti 

přenosu parazita z mezihostitele do definitivního hostitele predací (Barnard and Behnke, 

1990).  

Existuje několik způsobů, jak se lze tímto parazitem nakazit, z nichž nejběžnějším je 

pozření špatně umyté kořenové zeleniny kontaminované oocystami nebo nedostatečně 

tepelně zpracovaného masa s tkáňovými cystami parazita (Tenter et al., 2000). U mnoha 

druhů zvířat byl navíc potvrzen přenos toxoplazmózy pohlavní cestou (Arantes et al., 2009; 

Dass et al., 2011; de Moraes et al., 2010; Liu et al., 2006; Lopes et al., 2013; Santana et al., 

2013). Bylo prokázáno, že se T. gondii nachází ve spermatu a reprodukčních orgánech 

zvířat (Arantes et al., 2009; Bezerra et al., 2014; Dass et al., 2011; Koch et al., 2016; Liu et 

al., 2006; Moura et al., 2007; Rouatbi et al., 2019; Santana et al., 2010; Scarpelli et al., 

2009; Tyebji et al., 2020) a také člověka (De Paepe et al., 1990; Disko et al., 1971; Haskell 

et al., 1989; Wong et al., 2018). Jedním z cílů této práce bylo zjistit, jaké stadium T. gondii 

se nachází ve spermatu mužů. 

U lidí zatím toxoplazmóza není řazena mezi pohlavně přenosné onemocnění. Proto bylo 

dalším cílem práce shrnout poznatky o dosud nepotvrzeném pohlavním přenosu T. gondii 

u lidí a studovat toxoplazmózu na populaci heterosexuálních párů z epidemiologického 

hlediska. Cílem bylo analyzovat rizikové faktory pro nákazu T. gondii včetně nákazy 

sexuálního partnera zvlášť u žen a mužů. Jelikož u zvířat byl studován pohlavní přenos 

T. gondii ze samců na samice, cílem bylo zjistit, zda je i u lidí pravděpodobnější směr 

přenosu tohoto parazita z muže na ženu. Dalším cílem disertační práce bylo představit 

nově navrženou hypotézu přenosu T. gondii během orálního sexu v případě, že 

neinfikovaný jedinec pozře ejakulát infikovaného muže.  

Mnoho studií také pozorovalo negativní vliv T. gondii na reprodukční funkce hostitele 

(Abdoli et al., 2012; Lopes et al., 2009a, 2009b, 2011; Terpsidis et al., 2009; Tyebji et al., 

2020). Vyšší prevalence toxoplazmózy byla zjištěna u neplodných mužů v porovnání 

s kontrolní skupinou plodných mužů (Qi et al., 2005). Vzhledem k tomu, že existovala 
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pouze pilotní studie, provedená na 60 mužích, zabývající se vlivem latentní toxoplazmózy 

na parametry spermatu (Colosi et al., 2015), dalším cílem této práce bylo shrnout 

dosavadní poznatky o problematice neplodnosti v souvislosti s toxoplazmózou, porovnat 

prevalenci toxoplazmózy u mužů s patologií ve spermatu a bez ní, a analyzovat vliv infekce 

T. gondii na konkrétní parametry spermatu, a to na objem spermatu a počet, pohyblivost 

a morfologii spermií. Jelikož má na koncentraci spermií negativní vliv kouření tabáku 

(Künzle et al., 2003; Ramlau-Hansen et al., 2007), dalším cílem bylo zjistit, zda kouření 

tabáku prohlubuje negativní dopad toxoplazmózy na parametry spermatu mužů. 

Je také známo, že s neplodností bývají spojovány deprese a úzkosti (Rooney and Domar, 

2018). Latentní toxoplazmóza je asociována se specifickými vlivy na osobnost člověka 

(Flegr et al., 2000; Flegr and Havlíček, 1999) a jeho chování (Flegr, 2007; Flegr et al., 1996; 

Lindová et al., 2006, 2010). Výsledky studií zabývajících se vlivem latentní toxoplazmózy 

na deprese jsou ale nekonzistentní. Přestože byly pozorovány negativní účinky latentní 

toxoplazmózy na lidskou plodnost a problémy s plodností související s depresivními 

symptomy, žádná studie ještě netestovala souvislost mezi latentní toxoplazmózou, 

plodností a depresí. Cílem této práce tedy bylo propojit poznatky o toxoplazmóze, 

poruchách plodnosti a depresivitě a analyzovat vliv latentní toxoplazmózy na depresi 

u mužů a žen ve vztahu k jejich plodnosti. 

Posledním cílem této práce bylo diskutovat nad tím, zda popisované způsoby přenosu 

T. gondii a vztahy mezi T. gondii a poruchami plodnosti jsou výsledkem manipulační 

aktivity parazita nebo vedlejším efektem přítomnosti a množení parazita v těle hostitele.  
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2. Teoretický úvod 

 

2.1. Parazité a manipulační hypotéza 

Parazité mohou představovat až polovinu organismů na Zemi (Poulin and Morand, 2000). 

U některých parazitů se vyvinula schopnost „řídit“ chování svých hostitelů za účelem 

zvýšení pravděpodobnosti přenosu z mezihostitele do definitivního hostitele (Moore, 

2002). Takové změny chování byly interpretovány v teoretickém rámci takzvané 

„manipulační hypotézy“ (Barnard and Behnke, 1990). Parazité měnící chování a morfologii 

hostitelů způsoby, které ulehčují jejich přenos mezi hostiteli, jsou představitelé konceptu 

rozšířeného fenotypu (Dawkins, 1982, 1990, 2004). Příkladem je motolice 

Leucochloridium paradoxum, jejíž sporocysty pulzují v tykadlech plžů rodu Succinea, 

a tím lákají ptáky, definitivní hostitele parazita, na chutnou potravu (Wesołowska and 

Wesołowski, 2014). Jiný druh motolice, Dicrocoelium dendriticum, manipuluje mravence 

tak, že se zakousnou do listu a čekají, až je spásá přežvýkavec, definitivní hostitel parazita 

(Moore, 2002). Strunovci zas nutí své hostitele, cvrčky a jiný hmyz, po dosažení dospělosti 

skočit do vody, ve které parazit hostitele opouští za účelem rozmnožení (Thomas et al., 

2002). Sacculina carcini dokáže kastrovat hostitele, překazit jeho rozmnožování a donutit 

ho se starat o potomky parazita (Deutsch and Mouchel-Vielh, 2003; Høeg, 1995). 

Klasickým modelem pro studování manipulační hypotézy je také Toxoplasma gondii 

(Barnard and Behnke, 1990).  

 

2.2. Toxoplasma gondii 

Toxoplasma gondii (T. gondii) byla poprvé objevena v roce 1908 u hlodavce gundi 

saharského (Nicolle and Manceaux, 1908). Tento intracelulární parazitický prvok se 

taxonomicky řadí mezi SAR, Alveolata, Apicomplexa, Conoidasida, Coccidia, Eimeriorina 

(Adl et al., 2012) a má fakultativní heterogenní životní cyklus (Dubey et al., 1998). 

Definitivními hostiteli parazita jsou zástupci kočkovitých šelem a mezihostitelem může být 

kterýkoliv teplokrevný obratlovec včetně člověka (Tenter et al., 2000). 

T. gondii způsobuje onemocnění toxoplazmózu, což je jedna z nejvíce rozšířených 

parazitóz člověka v rozvinutých zemích. V devadesátých letech 20. století se 

séroprevalence u žen v plodném věku pohybovala od 37 % do 58 % ve střední Evropě, 

Polsku, Chorvatsku, Slovinsku, Austrálii a severní Africe, vyšší byla v Latinské Americe 

a západní Africe (51 – 77 %) a naopak nižší séroprevalence byla hlášena ve 
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Skandinávii, jihovýchodní Asii, Číně a Koree (4 – 39 %) (Tenter et al., 2000). Prevalence 

toxoplazmózy u mužů v České republice testovaných v letech 2000 – 2004 byla 23 % 

a infekce byla spojena především s pojídáním syrového masa, zahradničením a životem 

v malé obci (Kolbeková et al., 2007). Opakovaně byla v České republice prokázána vyšší 

prevalence toxoplazmózy u žen než u mužů (Flegr, 2017; Kodym et al., 2000). Přestože se 

prevalence u chlapců a dívek do 19 let nelišila (Flegr, 2017), přibližně ve 30 letech byla 

výrazně vyšší u žen než u mužů. Po tomto věku u mužů stagnovala nebo klesala, zatímco 

u žen se zvyšovala až do věku 50 let. Tradičním vysvětlením této rostoucí prevalence 

toxoplazmózy u žen v plodném věku je jejich zapojení se do vaření a ochutnávání syrového 

masa (Kodym et al., 2000). V literatuře se také diskutuje o možném přenosu T. gondii 

z mužů na ženy pohlavním stykem (Flegr et al., 2014a; Hlaváčová et al., 2020) a orálním 

sexem (Kaňková et al., 2020). Více informací o těchto způsobech přenosu je shrnuto 

v kapitole 2.5. 

Většinu genotypů T. gondii vyskytujících se v Evropě a Severní Americe lze rozdělit do tří 

linií, typu I, II a III (Howe and Sibley, 1995). V Severní Americe byla popsána ještě čtvrtá 

klonální linie, označovaná jako typ 12 (Khan et al., 2011a). Téměř dvě třetiny onemocnění 

způsobené T. gondii v Evropě jsou způsobené parazity genotypů linie typu II, dále pak 

12,5 % typu III, 9,4 % typu I a 4,7 % afrického typu BrI (Shwab et al., 2014). Zdá se, že 

zatímco T. gondii má silně klonální populační strukturu v Severní Americe a Evropě, tak 

kmeny v Jižní Americe vykazují větší genetickou diverzitu a známky sexuální rekombinace 

(Khan et al., 2007, 2011b). 

Pro vyšetření toxoplazmózy se používají buď nepřímé (sérologické) testy nebo přímá 

detekce T. gondii (Montoya, 2002). Nepřímé testy slouží k vyšetření specifických 

protilátek z krevního séra a můžeme mezi ně zařadit například komplement fixační reakci 

(KFR), kterou se stanovují celkové protilátky, ELISA (z angl. Enzyme-Linked 

ImmunoSorbent Assay), která dokáže rozlišit jednotlivé třídy specifických protilátek, nebo 

nepřímou imunofluorescenci či metodu Western blot. Pro diagnózu latentní toxoplazmózy 

se používají testy na protilátky třídy IgG, kdežto pro diagnózu akutní toxoplazmózy se 

používají testy na protilátky tříd IgM a IgA. Metodou, která slouží k přímé detekci T. gondii 

ve vyšetřovaném vzorku, jelikož dokáže mnohonásobně zmnožit požadované úseky DNA, 

je vysoce citlivá polymerázová řetězová reakce (PCR).  
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2.2.1. Prenatálně a postnatálně získaná toxoplazmóza u člověka 

Toxoplazmózu může člověk získat již v průběhu prenatálního vývoje a nebo až později 

v průběhu života. Prenatálně získaná kongenitální toxoplazmóza je vážnou formou této 

nemoci, jejíž výskyt se pohybuje od 0,08 do 3,2 na 1000 těhotenství (Varella et al., 2009). 

K infekci placenty a plodu může dojít u žen, které byly infikovány krátce před otěhotněním 

nebo během těhotenství (Robert-Gangneux et al., 2011). U infikovaných dětí se může 

v nejzávažnějších případech projevit některý z příznaků tzv. klasické Sabinovy triády, tj. 

chorioretinitida, hydrocefalus nebo intracerebrální kalcifikace (Wolf et al., 1939). 

V některých případech může infekce vést k porodu mrtvého dítěte nebo vážnému 

neurologickému poškození plodu (Lopez et al., 2000). Některé infekce mohou být 

u novorozenců z počátku asymptomatické, ale později v životě mohou vést k pomalejšímu 

mentálnímu vývoji, slepotě nebo epilepsii (Lopez et al., 2000). Pravděpodobnost přenosu 

toxoplazmózy z matky na plod se zvyšuje z 6 % v prvním trimestru na 72 % ve třetím 

trimestru. Nicméně vážnější následky jsou po infekci plodu v prvním trimestru (Dunn et 

al., 1999).  

V případě postnatálně získané toxoplazmózy existují u lidí dvě klinicky odlišné fáze. Během 

akutní fáze, která je často bezpříznaková nebo je doprovázená příznaky podobné 

bakteriální či virové infekci, se rychle množí tachyzoiti v různých buňkách těla hostitele. 

U imunokompetentních jedinců akutní fáze volně přechází do latentní fáze, která je 

charakteristická pomalým množením bradyzoitů v tkáňových cystách, což jsou 

transformované infikované buňky hostitele (Tenter et al., 2000). Tkáňové cysty se mohou 

nacházet v centrálním nervovém systému, kosterním svalstvu, srdci, plicích, játrech, 

ledvinách nebo reprodukčních orgánech (Dubey, 1988; Martinez-Garcia et al., 1996). 

T. gondii přetrvává v infikovaných jedincích po celý jejich život. Aktuálně neexistuje žádná 

efektivní léčba latentní formy infekce. Léčí se pouze akutní fáze infekce u těhotných žen, 

což způsobí rychlý přechod z akutní do latentní fáze onemocnění, aby se předešlo infekci 

plodu (Dunay et al., 2018). 

Možnými zdroji postnatálně získané infekce jsou jídlo či voda kontaminovaná oocystami 

z kočičích exkrementů nebo syrové či špatně tepelně zpracované maso mezihostitelů 

obsahující tkáňové cysty (Tenter et al., 2000). U mnoha zvířat byl potvrzen také pohlavní 

přenos toxoplazmózy (Arantes et al., 2009; Dass et al., 2011; de Moraes et al., 2010; Liu et 

al., 2006; Lopes et al., 2013; Santana et al., 2013).  
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2.3. Toxoplasma gondii a manipulační hypotéza 

Testováním manipulační hypotézy se zabývalo mnoho studií. Za výsledek manipulační 

aktivity parazita (Barnard and Behnke, 1990), která zvyšuje pravděpodobnost přenosu do 

definitivního hostitele, jsou obvykle považovány různé změny chování hostitele. Bylo 

zjištěno, že T. gondii může prodlužovat reakční dobu a měnit chování nakažených 

hlodavců, kteří se tak snadněji stávají kořistí – snižuje u nich ostražitost a zhoršuje 

schopnost rozpoznávání neobvyklých podnětů (Vyas and Sapolsky, 2010; Webster and 

McConkey, 2010). Experimentálně bylo prokázáno, že nakažení hlodavci také ztrácí 

přirozený strach z kočičího pachu, a dokonce zůstávají déle na místech páchnoucích kočičí 

močí (Berdoy et al., 2000; Vyas et al., 2007a). Ve studii provedené na myších (Ihara et al., 

2016) autoři studovali hladiny neurotransmiterů v mozkové kůře a amygdale, protože tyto 

oblasti se podílejí na expresi vzpomínek na strach. Infikované myši měly zvýšené hladiny 

metabolitů dopaminu a snížené hladiny serotoninu a noradrenalinu ve srovnání 

s hladinami neinfikovaných myší. Další studie zjistila, že infekce T. gondii patrně vyvolává 

epigenetickou změnu v metylaci DNA promotoru pro arginin vasopresin v amygdale 

potkaních samců (Hari Dass and Vyas, 2014).  

Na druhou stranu v roce 2013 autoři navrhli (Worth et al., 2013), že selekční tlak nemusí 

být dostatečně silný na to, aby došlo k evoluci adaptivní manipulace s hostitelem za účelem 

zvýšení predace kočkami. Argumentovali tím, že pozorované změny chování zvyšující 

pravděpodobnost přenosu na kočky nejsou podloženy přesvědčivými experimentálními 

důkazy, a také tím, že pohlavní rozmnožování v definitivním hostiteli nemusí být pro 

přenos a udržení parazita v populaci nezbytné. Proti tomu stojí fakt, že pro chápání 

dynamiky toxoplazmózy je důležitá prevalence toxoplazmózy u kořisti a složení kořisti 

v potravě kočkovitých šelem, jelikož obojí ovlivňuje riziko infekce definitivního hostitele 

(Afonso et al., 2007). Navíc kočkovité šelmy jsou považovány za klíčové hostitele v kontrole 

toxoplazmózy, jelikož kontaminovaná stolice těchto zvířat je zodpovědná za šíření oocyst 

v prostředí (Garcia, 2009).   

Moderní lidé jsou mezihostitelé T. gondii, kteří již nejsou běžně loveni kočkovitými 

šelmami. Změny chování u infikovaných lidí mohou být vedlejšími účinky toxoplazmózy 

nebo reziduálními manipulačními znaky, které se vyvinuly u mezihostitelů lovených 

kočkovitými šelmami. Mohou však být také důsledkem manipulačních schopností 

parazita, které se vyvinuly v době, kdy kočkovité šelmy lovily předky člověka (Flegr, 2013; 

Webster, 2001). Studie provedená na šimpanzích (Poirotte et al., 2016) zjistila, že 

Toxoplasma-pozitivní šimpanzi oproti Toxoplasma-negativním ztratili vrozený odpor 
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k moči jejich jediného přirozeného predátora, levharta, avšak ne k moči jiných kočkovitých 

šelem, se kterými se šimpanzi v přírodě nesetkávají. Vzhledem k tomu, že levharti si své 

teritorium značí močí, může tedy docházet k vyšší pravděpodobnosti střetu levhartů 

s Toxoplasma-nakaženými šimpanzi. Ztráta odporu infikovaných šimpanzů pouze k moči 

levhartů by tedy mohla být výsledkem manipulace parazita s hostitelem.  

Změny v chování hostitelů vyvolané T. gondii by mohly být také důsledkem vedlejších 

účinků infekce. Byla provedena studie (Berenreiterová et al., 2011), která zkoumala 

rozmístění cyst v mozku nakažených myší. Cysty T. gondii byly rozmístěny nerovnoměrně 

po celém mozku, ale autoři nepozorovali selektivní tropismus parazita vůči určitému 

funkčnímu systému. Mezi více infikovanými oblastmi mozku byly čichový bulbus, 

entorhinální, somatosensorický, motorický, orbitální, frontální a vizuální kortex, 

hipokampus a amygdala. T. gondii by tedy mohla účinně měnit behaviorální fenotyp 

infikovaných hostitelů.  

V současné době nelze infekci T. gondii spojovat s predací kočkovitými šelmami u lidí. 

Pozůstatky manipulace parazitem, která dříve mohla způsobit, že se jedinec stal snadnou 

kořistí, můžeme ale pozorovat dodnes. Mnoho studií naznačuje, že latentní toxoplazmóza 

zvyšuje riziko dopravních nehod u infikovaných osob v České republice (Flegr et al., 2002, 

2009), Rusku (Stepanova et al., 2017) nebo Turecku (Yereli et al., 2006), a pracovních 

úrazů u infikovaných lidí v Mexiku (Alvarado-Esquivel et al., 2012), pravděpodobně 

v důsledku snížené ochoty dodržovat pravidla spolu s prodloužením reakční doby 

(Havlíček et al., 2001; Novotná et al., 2008; Vyas and Sapolsky, 2010; Webster and 

McConkey, 2010).  

 

2.4. Toxoplasma gondii v reprodukčních orgánech hostitele 

Jak již bylo řečeno výše, Toxoplasma gondii se nachází v různých orgánech hostitele – 

v srdci, plicích, játrech, ledvinách a reprodukčních orgánech (Dubey, 1988; Martinez-

Garcia et al., 1996). DNA T. gondii byla dále detekována ve spermatu králíků (Liu et al., 

2006), kozlů (Santana et al., 2010), beranů (Bezerra et al., 2014; Rouatbi et al., 2019), 

jelenů (Mazzoni Baldini et al., 2022) a psů (Koch et al., 2016). Cysty T. gondii byly nalezeny 

v nadvarletech a spermatu samců krys (Dass et al., 2011) a ve varlatech samců myší (Tyebji 

et al., 2020). Tachyzoiti T. gondii byli objeveni ve spermatu, varlatech a nadvarletech psů 

s akutní toxoplazmózou (Arantes et al., 2009). Blíže nespecifikovaná stádia T. gondii byla 

také nalezena ve varlatech, semenných váčcích a spermatu býků (Scarpelli et al., 2009), 

a také v nadvarletech a semenných váčcích prasat (Moura et al., 2007). Na druhou stranu 
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nebyla T. gondii detekována ve spermatu, varlatech ani nadvarletech nakažených kocourů 

(Teixeira et al., 2017). 

Narozdíl od velkého počtu studií provedených na zvířatech neexistuje mnoho studií, které 

by sledovaly přítomnost T. gondii v reprodukčních orgánech lidí. Jedna studie již v roce 

1971 poukázala na T. gondii ve spermatu mužů (Disko et al., 1971), ale autoři neurčili 

stádium parazita. Dále byli nalezeni tachyzoiti T. gondii ve varlatech HIV pozitivního muže 

(Haskell et al., 1989) a také cysty T. gondii ve varlatech imunokompetentního muže (Wong 

et al., 2018). Ve studii (De Paepe et al., 1990) byli ve varlatech 22 z 56 HIV pozitivních 

mužů nalezeni oportunističtí patogeni včetně T. gondii. Parazit byl pomocí PCR také 

detekován ve vaginálních výtěrech neplodných žen (Faroughi and Amini, 2021). 

V publikaci (Tong et al., submitted), která je součástí této práce, jsme jako první prokázali 

přítomnost tkáňových cyst T. gondii ve spermatu imunokompetentních mužů s latentní 

toxoplazmózou. Provedli jsme roztěry vzorků spermatu od 50 mužů a použili barvení podle 

Giemsy, přičemž jsme tkáňové cysty objevili na prvním sklíčku ve vzorcích 35 mužů. 

S rostoucím počtem vyšetřených sklíček jsme tkáňové cysty nakonec objevili ve vzorcích 

všech 50 mužů. Následně jsme identifikovali cysty T. gondii obarvením stěny cyst lektinem 

se známou afinitou ke stěnovým sacharidům (Boothroyd et al., 1997). V poslední řadě jsme 

detekovali mRNA BAG-1 specifickou pro bradyzoity uvnitř tkáňových cyst. 

 

2.5. Přenos Toxoplasma gondii pohlavní cestou 

S přítomností T. gondii v reprodukčních orgánech hostitele úzce souvisí přenos parazita 

pohlavní cestou. Pohlavní přenos T. gondii byl pozorován u mnoha druhů zvířat. Samice 

krys (Dass et al., 2011) byly infikovány při přirozeném páření se samci, u kterých probíhala 

latentní fáze toxoplazmózy. Dále byly během přirozeného páření s nakaženými samci 

infikovány samice koz (Santana et al., 2013) a ovcí (Lopes et al., 2013), přičemž autoři 

nepíší, zda u samců probíhala akutní či latentní fáze toxoplazmózy. Víme pouze, že samci 

byli připuštěni k samicím časově různě – mezi 7. a 70. dnem po infekci. Po umělém 

oplodnění infikovaným spermatem tachyzoity T. gondii byly nakaženy samice králíků (Liu 

et al., 2006), ovcí (Consalter et al., 2017; de Moraes et al., 2010), koz (Wanderley et al., 

2013) a psů (Arantes et al., 2009).  

U lidí zatím nebyl prokázán pohlavní přenos T. gondii, nicméně se o něm v recentních 

studiích často diskutuje (Flegr et al., 2014a), neboť existuje mnoho nepřímých důkazů, 

které hypotézu pohlavního přenosu u lidí podporují. Autoři recentního článku (Crespillo-
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Andujar et al., 2018) upozorňují, že z pěti parazitických prvoků (Entamoeba hystolitica, 

Schistosoma haematobium, Trichomonas vaginalis, Trypanosoma cruzi, Toxoplasma 

gondii) nalezených ve spermatu člověka je považována za pohlavně přenosnou pouze 

Trichomonas vaginalis. 

První nepřímé důkazy poskytuje studie (Flegr et al., 2014a), ve které autoři zjistili, že 

prevalence toxoplazmózy u žen v plodném věku korelovala s prevalencí některých sexuálně 

přenosných chorob ve členských státech Světové zdravotnické organizace. Podobně byla 

pozorována vyšší prevalence toxoplazmózy u lidí infikovaných HIV než 

u imunokompetentních jedinců (Meisheri et al., 1997).  

Další nepřímé důkazy popisují studie, které zohledňují četnosti pohlavních styků 

a sexuálních partnerů. Flegr et al. (2014) zjistili, že pravděpodobnost nákazy T. gondii 

u těhotných žen pozitivně korelovala s množstvím nechráněného pohlavního styku před 

otěhotněním. V recentní studii pak byla zjištěna vyšší prevalence toxoplazmózy u mužů 

s historií sexuální promiskuity než u mužů bez ní (Alvarado-Esquivel et al., 2021). Dokonce 

i nakažení psychiatričtí pacienti hlásili více sexuálních partnerů než nenakažení pacienti 

(Alvarado-Esquivel et al., 2006). Vysoká prevalence toxoplazmózy byla také zjištěna 

u sexuálních pracovnic v porovnání s prevalencí u kontrol (Alvarado-Esquivel et al., 2015). 

Navíc je zajímavé, že jedním z rizikových faktorů pro nákazu T. gondii bylo poranění, ke 

kterým došlo během sexuálních služeb, což naznačuje, že by se parazit mohl přenášet 

inokulací přes otevřenou kůži nebo sliznici. Dalším rizikovým faktorem objeveným 

ve studii provedené u mužů, kteří měli sex s muži (Prasetyo et al., 2014) bylo praktikování 

sexu bez kondomu a používání slin jako lubrikantu. 

Další nepřímý důkaz pro jiný než klasický přenos T. gondii u lidí přináší metaanalýza studií 

případů a kontrol, která analyzovala rizikové faktory pro infekci T. gondii, a překvapivě 

zjistila, že až dvě třetiny infekcí nebylo možné vysvětlit známými rizikovými faktory, jako 

jsou konzumace syrového nebo nedostatečně tepelně upraveného masa nebo nízké 

hygienické podmínky v kuchyni (Petersen et al., 2010).  

Jestliže by docházelo k pohlavnímu přenosu T. gondii u lidí, nechráněný pohlavní styk by 

mohl vést k nákaze žen. Pokud by se ženy nakazily před otěhotněním či v době těhotenství, 

mohl by následně vyústit až ke kongenitální infekci plodu. Nepřímou podporu pro tuto 

hypotézu poskytuje studie z USA, ve které byla pozorována vysoká prevalence 

toxoplazmózy u otců (36 %) kongenitálně nakažených dětí oproti prevalenci v běžné 

mužské populaci (9,8 %). U otců, kteří byli testovaní do jednoho roku po narození jejich 
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dítěte, bylo navíc zjištěno, že 13 % z nich mělo vysoké hladiny protilátek proti T. gondii, 

což poukazuje na nedávno získanou infekci (Contopoulos-Ioannidis et al., 2015).  

Možností, jak ověřovat hypotézu pohlavního přenosu toxoplazmózy u lidí, je studovat 

nákazu v párech. V severomexickém státě Durango vědci zkoumali shodu sérologických 

a molekulárních markerů infekce T. gondii u heterosexuálních párů (Alvarado-Esquivel et 

al., 2017). Autoři nepozorovali žádnou statisticky významnou shodu. Tato studie však byla 

provedena na malém počtu párů (n = 119), z nichž 52,9 % žen a 59,7 % mužů bylo 

Toxoplasma-pozitivních, a autoři navíc nebrali ohled na počet předešlých sexuálních 

partnerů.  

Jelikož byla T. gondii nalezena ve spermatu zvířat (Arantes et al., 2009; Bezerra et al., 

2014; Dass et al., 2011; Koch et al., 2016; Liu et al., 2006; Rouatbi et al., 2019; Santana et 

al., 2010; Scarpelli et al., 2009) i lidí (Disko et al., 1971) a studie prokazující pohlavní 

přenos T. gondii u zvířat byly vždy provedeny s ohledem na směr přenosu ze samce na 

samice prostřednictvím spermatu, bylo cílem průřezové studie (Hlaváčová et al., 2020), 

která je součástí této disertační práce, najít epidemiologický důkaz pro pohlavní přenos 

T. gondii spermatem. Pro tento účel jsme vyšetřili krev populace párů z Centra asistované 

reprodukce na přítomnost protilátek proti T. gondii a sledovali jsme různé rizikové faktory 

včetně nákazy sexuálního partnera/partnerky, a to odděleně u mužů a žen. Studovali jsme, 

jestli je přenos T. gondii v párech jednosměrný, tzn. jestli je séropozitivita muže 

epidemiologické riziko pro jeho partnerku, ale séropozitivita ženy není rizikovým faktorem 

pro jejího partnera. Kvůli možnosti infekce od předešlých pohlavních partnerů jsme 

předem ze statistické analýzy dat vyřadili páry, u nichž Toxoplasma-pozitivní muž/žena 

v dotazníku uvedl/a, že se vystavil/a riziku pohlavně přenosných chorob s více jak dvěma 

ženami/muži za život a nebo neodpověděl/a na otázku. V této studii jsme zjistili, že jedním 

z rizikových faktorů pro nákazu T. gondii byla Toxoplasma-séropozitivita sexuálního 

partnera žen. Pro muže však Toxoplasma-séropozitivita jejich partnerky rizikovým 

faktorem nebyla. Naše výsledky tak podpořily hypotézu nákazy ženy od sexuálního 

partnera pohlavní cestou. Pozorované výsledky byly diskutovány i v kontextu možného 

sdílení jedné domácnosti oběma partnery a společných stravovacích návyků, které mohou 

vyústit ve společnou nákazu T. gondii. Tato možnost ovšem nevysvětluje, proč nákaza 

muže zvyšovala pravděpodobnost nákazy partnerky, ale nákaza ženy nezvyšovala 

pravděpodobnost nákazy partnera.  

Hypotézu jednosměrného přenosu parazita z mužů na ženy podporuje i studie (Flegr, 

2017), ve které byla zjištěna vyšší prevalence toxoplazmózy u žen (34,5 %) než u mužů 
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(24 %). Je zajímavé, že prevalence byla podobná u dívek a chlapců do věku 19 let, ale 

následně u žen narůstala až do věku 50 let, zatímco u mužů stagnovala nebo se dokonce 

snižovala. Tradiční vysvětlení vyšší prevalence u žen v plodném věku je založeno na tom, 

že ženy tráví více času vařením a ochutnáváním tepelně neupraveného jídla (Flegr et al., 

2014a; Kodym et al., 2000). Nárůst prevalence toxoplazmózy u žen v tomto věkovém 

rozmezí, které je spojeno s vyšší sexuální aktivitou, by ovšem mohl být vysvětlen také 

možným přenosem parazita z muže na ženu během nechráněného pohlavního styku. 

V naší studii (Hlaváčová et al., 2020) jsme navíc pojídání syrového masa jako rizikový 

faktor pro nákazu T. gondii neidentifikovali. Zároveň jsme ale v celém datasetu 

nepozorovali ani signifikantní rozdíl v prevalenci toxoplazmózy u mužů a žen. Vysvětlením 

může být provedení studie na atypickém vzorku lidí, párech s problémem s otěhotněním, 

neboť byla pozorována vyšší prevalence toxoplazmózy u neplodných mužů (Qi et al., 2005) 

i neplodných žen (El-Tantawy et al., 2014). Tento atypický vzorek lidí mohl být na první 

pohled limitací studie. Dle našeho názoru byl však ideálním pro testování pohlavního 

přenosu u lidí, jelikož zahrnoval páry, které se dlouhodobě snažily otěhotnět, a tedy často 

provozovaly nechráněný pohlavní styk.  

 

2.5.1. Přenos Toxoplasma gondii při orálním sexu 

V publikaci (Kaňková et al., 2020), která je součástí této disertační práce, jsme navrhli 

hypotézu, která říká, že k přenosu T. gondii a nákaze může docházet během orálního sexu 

v případě, že neinfikovaný jedinec (žena nebo muž) pozře ejakulát infikovaného muže. 

Všechny argumenty podporující hypotézu pohlavního přenosu parazita zmíněné 

v předešlé kapitole 2.5. mohou platit i pro přenos během orálního sexu. Pro přenos 

T. gondii během orálního sexu je ale velmi důležité, které stádium parazita je přítomno ve 

spermatu člověka. Tkáňové cysty s bradyzoity jsou totiž oproti tachyzoitům rezistentní vůči 

žaludečním enzymům, a jsou tedy adaptovány na vstup do těla nového hostitele orální 

cestou (Jacobs et al., 1960). Ve spermatu zvířat byli nalezeni tachyzoiti (Arantes et al., 

2009) i bradyzoiti (Dass et al., 2011) v závislosti na tom, jakou fázi toxoplazmózy, akutní 

či latentní, zrovna jedinci prodělávali. Ve spermatu imunokompetentních mužů s latentní 

toxoplazmózou jsme prokázali přítomnost bradyzoitů (Tong et al., submitted).  

Orální sex se vyskytuje nejen u lidí ale také u různých druhů zvířat, včetně bonobů (Palagi 

et al., 2004), orangutanů (Knott, 2015), šimpanzů (Brooker et al., 2020), kaloňů (Tan et 

al., 2009) a medvědů (Sergiel et al., 2014). Je tedy možné, že přítomnost patogenu 
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v ejakulátu je ve skutečnosti účinnou evoluční adaptací na horizontální šíření primárně 

potravou přenášených chorob (nejen toxoplazmózy) v hostitelských populacích. 

Hypotéza přenosu T. gondii během orálního sexu byla navržena také na základě 

následujícího argumentu. Pokud neinfikovaná osoba pozře ejakulát obsahující tkáňové 

cysty T. gondii, lze na teoretické úrovni očekávat podobný způsob infekce jako při 

konzumaci nedostatečně tepelně upraveného či syrového masa s tkáňovými cystami.  

Podporu pro navrhovanou hypotézu dále přinášejí studie prevalencí toxoplazmózy. Vyšší 

prevalence toxoplazmózy byla hlášena u promiskuitních jedinců (Alvarado-Esquivel et al., 

2006) a sexuálních pracovnic (Alvarado-Esquivel et al., 2015), tj. v populacích, které 

provozují širší spektrum sexuálních aktivit včetně orálního sexu. Dále byla zjištěna vyšší 

prevalence toxoplazmózy u žen i mužů, kteří uváděli, že praktikovali felaci s muži, 

v porovnání s jedinci, kteří tyto praktiky neprovozovali (Kaňková et al., 2020). V poslední 

řadě byla pozorována vyšší prevalence toxoplazmózy u žen ve srovnání s muži 

u adolescentů ve věku 10 až 14 let (Kodym et al., 2000), u kterých je orální sex včetně felace 

vysoce rozšířen, zvláště u těch, u kterých ještě nedošlo k penetračnímu styku (Copen et al., 

2012; Stone et al., 2006).  

Pokud by se T. gondii mohla přenášet během orálního sexu, bylo by vhodné upozornit 

hlavně těhotné ženy na zdravotní rizika, která s touto sexuální aktivitou přicházejí. 

V těhotenství by ji dokonce mohly ženy provozovat častěji, pokud jim například ze 

zdravotních důvodů nebyl doporučen penilně-vaginální pohlavní styk. 

 

2.6. Toxoplasma gondii a poruchy plodnosti hostitele 

Vzhledem k tomu, že byla T. gondii opakovaně nalezena v pohlavních orgánech hostitelů, 

je často diskutována také ve spojitosti s poruchami plodnosti. Neplodnost u člověka je 

definována jako neschopnost páru počít potomka po 12 a více měsících pravidelného 

nechráněného pohlavního styku (World Health Organization, 2018). Podle statistik se 

celosvětově potýká s neplodností 60 – 80 milionů párů ročně (Boivin et al., 2007; 

Gurunath et al., 2011). Retrospektivní studie uvádějí, že v posledních několika desetiletích 

dochází k poklesu kvality spermatu v různých zemích světa (Auger et al., 1995; Carlsen et 

al., 1992; Geoffroy-Siraudin et al., 2012; Haimov-Kochman et al., 2012; Irvine et al., 1996). 

Příčina neplodnosti bývá odhalena přibližně v jedné třetině případů u ženy a v jedné třetině 

u muže. U zbývající jedné třetiny případů bývá problém v interakci mezi mužem a ženou, 

kde se příčina neplodnosti u 20 % případů nepodaří odhalit (Peterson et al., 2007). Riziko 
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neplodnosti se zvyšuje s rostoucím věkem (Baird et al., 2005). Na plodnost může mít vliv 

nadměrná konzumace alkoholu, kofeinu, kouření tabáku, hormonální nerovnováha, stres 

a také různé infekce reprodukčního traktu (Akande et al., 2010; Azenabor et al., 2015; 

Rooney and Domar, 2018; Sadeu et al., 2010).  

Vlivem toxoplazmózy na plodnost lidí se zabývalo již několik studií. Vyšší prevalence 

toxoplazmózy byla pozorována u neplodných žen v porovnání se zdravými ženami (El-

Tantawy et al., 2014; Li et al., 2011). Toxoplasma-pozitivní ženy dále uváděly, že jim trvá 

signifikantně déle otěhotnět, otěhotní ve vyšším věku a mají více problémů s plodností než 

Toxoplasma-negativní ženy (Kaňková et al., 2015).  

Dále byla pozorována signifikantně vyšší prevalence toxoplazmózy u neplodných párů 

(34,8 %) v porovnání s prevalencí u plodných párů (12,1 %) (Zhou et al., 2002). V této 

studii měli navíc Toxoplasma-pozitivní muži vyšší hladinu protilátek proti spermiím než 

Toxoplasma-negativní muži, což je asociováno se sníženou koncentrací a pohyblivostí 

spermií (Cui et al., 2015). Také Qi et al. (2005) pozorovali vyšší prevalenci toxoplazmózy 

u neplodných mužů (36 %) oproti prevalenci u plodných mužů (11 %). Další nepřímý důkaz 

negativního vlivu toxoplazmózy na plodnost mužů poskytuje recentní studie, ve které 

autoři zjistili, že Toxoplasma-pozitivní muži měli méně dětí než Toxoplasma-negativní 

muži (Flegr and Preiss, 2019). 

Možným mechanismem neplodnosti u mužů způsobené T. gondii může být indukce 

apoptózy spermatogonií (Saki et al., 2020b). Zdá se, že T. gondii může dokonce ovlivňovat 

metylaci DNA změnou aktivity a exprese DNA methyltransferázy (Saki et al., 2020a). 

Aberantní metylace DNA v samčích zárodečných buňkách bývá spojována s idiopatickou 

mužskou neplodností (Wu et al., 2010). Několik studií prokázalo souvislost mezi 

poškozením mužských pohlavních orgánů a testikulární toxoplazmózou (Martinez-Garcia 

et al., 1996) a dále zánětem varlat a hypogonadotropním hypogonadismem způsobeným 

vrozenou toxoplazmózou (Babu et al., 2007; Crider et al., 1988; Haskell et al., 1989).  

Studie týkající se vlivu toxoplazmózy na konkrétní parametry spermatu byly provedeny 

hlavně na zvířatech. U krys testovaných průběžně až do 70 dní po infekci byl zjištěn 

negativní vliv toxoplazmózy na počet, pohyblivost a morfologii spermií (Abdoli et al., 2012; 

Taherimoghaddam et al., 2021; Terpsidis et al., 2009). Nižší počet spermií a vyšší míra 

abnormalit v morfologii spermií byla také nalezena u infikovaných myší 4 týdny po infekci, 

ale nebyly pozorovány žádné změny v pohyblivosti spermií nebo ve váze varlat (Tyebji et 

al., 2020). Také v další studii provedené na myších byl zjištěn nižší počet spermií 

u Toxoplasma-pozitivních jedinců 30 dní po infekci (Dvorakova-Hortova et al., 2014). 
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U beranů nebyly nalezeny žádné změny v parametrech spermií, ale u nakažených jedinců 

byl pozorován nižší objem spermatu a různé histopatologické změny ve varlatech, prostatě 

a semenných váčcích (Lopes et al., 2009a, 2009b, 2011).  

U lidí byla provedena pilotní studie (Colosi et al., 2015), která nezjistila žádný signifikantní 

efekt toxoplazmózy na objem spermatu, počet, pohyblivost a morfologii spermií. Této 

studie se účastnilo pouze 60 mužů. Provedli jsme tedy rozsáhlejší studii (Hlaváčová et al., 

2021b) na 669 mužích, která je součástí této disertační práce. V této studii jsme zjistili vyšší 

prevalenci toxoplazmózy (27,0 %) u mužů s patologickým spermiogramem než u mužů bez 

patologie ve spermatu (22,3 %). Toxoplasma-pozitivní muži měli nižší celkový počet 

spermií a také horší kvalitu spermií než Toxoplasma-negativní muži. Dále jsme zjistili, že 

Toxoplasma-pozitivní muži měli nižší koncentraci spermií a také méně progresivně 

i neprogresivně pohyblivých spermií než Toxoplasma-negativní muži. 

Za důležité příčiny zhoršené plodnosti u mužů jsou považovány infekce reprodukčního 

traktu (Azenabor et al., 2015). Autoři v publikaci shrnují, že probíhající zánět v mužském 

reprodukčním traktu je doprovázen vyššími hladiny prozánětlivých cytokinů a oxidačním 

stresem, což je obojí velmi škodlivé pro produkci a funkci spermií. Zvýšené hladiny 

reaktivních forem kyslíku ve spermatu mělo až 80 % neplodných mužů (Agarwal et al., 

2006). 

Infekce parazitem T. gondii, nalezeným i ve varlatech mužů (Haskell et al., 1989; Wong et 

al., 2018), je doprovázena Th1 imunitní odpovědí a charakteristická nadprodukcí 

prozánětlivých cytokinů. Cytokiny aktivované makrofágy, které produkují reaktivní formy 

kyslíku, hrají důležitou roli v obraně hostitele proti T. gondii (Munoz et al., 2011). Bylo 

zjištěno, že nadměrná produkce reaktivních forem kyslíku může nepříznivě ovlivnit nejen 

kvalitu spermií ale také hladiny pohlavních hormonů (Darbandi et al., 2018; Sanocka and 

Kurpisz, 2004).  

Uvedené změny v reprodukčním traktu spojené s probíhajícím zánětem mohou být dány 

do souvislosti s akutní toxoplazmózou. Je ale otázkou, zda a jak dlouho tyto změny 

přetrvávají během latentní fáze. Předpokládá se, že toxoplazmóza přetrvává v latentní 

formě nepřetržitou činností imunitního systému hostitele (Carruthers, 2002). U myší 

s latentní toxoplazmózou byla pozorována lokální zánětlivá místa v mozcích, dalším 

imunitně privilegovaném orgánu (Berenreiterová et al., 2011). Je tedy možné, že by 

i v reprodukčním traktu mohl probíhat zánět během latentní fáze infekce. 

Ve studii (Hlaváčová et al., 2021b) přiložené v této disertační práci jsme dále testovali, 

jakou roli hraje kouření tabáku ve vlivu latentní toxoplazmózy na parametry spermií. Mezi 
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samotným kouřením tabáku a jednotlivými parametry spermií jsme neobjevili 

signifikantní vztah. Tyto výsledky jsou v rozporu s metaanalýzou pěti studií (Ramlau-

Hansen et al., 2007) a také s další rozsáhlou studií (Künzle et al., 2003), ve kterých bylo 

zjištěno, že kouření tabáku má negativní vliv na koncentraci spermií. Tyto studie byly však 

provedeny na velkém počtu mužů (n = 2 542 a 2 105). Je tedy možné, že jsme v naší studii 

efekt kouření na parametry spermií neobjevili z důvodu malého vzorku dat. Prevalence 

toxoplazmózy se mezi kuřáky a nekuřáky signifikantně nelišila. V dalších analýzách jsme 

provedli separátní analýzy pro kuřáky a nekuřáky. Zjistili jsme vyšší prevalenci 

toxoplazmózy u mužů s patologií ve spermatu ve srovnání s prevalencí u mužů bez 

patologie, ale pouze u kuřáků. Stejně tak pouze u kuřáků byla vyšší prevalence ve 

skupinách mužů s jednotlivými typy poruch oproti prevalenci u mužů bez patologie ve 

spermatu. Nejvíce mužů s patologií ve spermatu bylo mezi kuřáky s toxoplazmózou 

a nejméně mezi kuřáky bez toxoplazmózy. Toxoplazmóza korelovala s kvalitou spermií 

pouze u kuřáků, nikoli u nekuřáků. Výsledky této studie naznačují, že kombinované účinky 

toxoplazmózy a kouření tabáku mohou zhoršit negativní dopad na parametry spermatu 

mužů. 

Zhoršení parametrů spermatu u mužů může být buď vedlejším účinkem množení T. gondii 

v těle hostitele, zejména v jeho imunitně privilegovaných reprodukčních orgánech, a nebo 

důsledkem manipulační aktivity parazita (Barnard and Behnke, 1990) zaměřené na 

zvýšení pravděpodobnosti přenosu pohlavní cestou, který byl podrobněji diskutován výše. 

Snížená schopnost infikovaných mužů počít dítě by mohla vést k vyšší frekvenci 

pohlavního styku, a tedy i ke zvýšené míře přenosu parazita pohlavní cestou. Není však 

jasné, zda by tato manipulace mohla fungovat pouze v moderní lidské společnosti nebo 

také u zvířecích mezihostitelů parazita.  

 

2.6.1. Vliv Toxoplasma gondii na hladiny testosteronu 

Negativní vliv T. gondii na reprodukční funkce hostitele by mohl souviset se změnami 

v hladinách pohlavních hormonů souvisejících s toxoplazmózou (Abdoli et al., 2012; 

Achermann and Jameson, 1999; Khaki et al., 2011; Oktenli et al., 2004; Stahl and Kaneda, 

1998). Zásadní roli ve vývoji mužských pohlavních orgánů hraje testosteron, který je 

nezbytný pro normální spermatogenezi. Řadíme jej mezi androgeny vznikající převážně 

v mužských pohlavních žlázách, nadledvinách a mozku. Androgeny jsou také potřebné pro 

tvorbu svalů, složení těla, mineralizaci kostí, metabolismus tuků a kognitivní funkce. 

Androgenní receptor se nachází ve všech mužských pohlavních orgánech a může být 
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stimulován buď testosteronem, nebo jeho potenciálním metabolitem 

dihydrotestosteronem. Defekty androgenního receptoru mohou narušit pohlavní vývoj 

a reprodukci mužů (Dohle et al., 2003). 

Výsledky studií vlivu toxoplazmózy na hladiny testosteronu u zvířat jsou nejednotné. 

Hladina sérového a testikulárního testosteronu se u dospělých samců potkanů snížila 

10. den po nákaze T. gondii a v dalších dnech se vrátila na normální hladinu v porovnání 

s kontrolami (Abdoli et al., 2012). V jiné studii byla u Toxoplasma-pozitivních potkanů 

oproti Toxoplasma-negativním kontrolám naměřena nižší hladina testosteronu v séru 

30. den po nákaze (Khaki et al., 2011). Podobně i Kaňková et al. (2011) pozorovali nižší 

hladinu sérového testosteronu u samců myší testovaných dva měsíce po akutní fázi infekce 

v porovnání s neinfikovanými kontrolami.  

Snížení hladin tohoto hormonu může být adaptivní reakcí myší na infekci T. gondii 

(Kaňková et al., 2011), jelikož vysoká hladina testosteronu má imunosupresivní účinky 

(Roberts et al., 2001; Schuster and Schaub, 2001). S těmito výsledky souhlasí i studie 

(Laubach et al., 2022), která zkoumala vztah toxoplazmózy a hladin sérového testosteronu 

u volně žijící populace hyen skvrnitých – nižší hladina testosteronu byla zjištěna 

u nakažených nedospělých samic a dospělých samců hyen oproti nenakaženým jedincům. 

V další studii pozorovali naopak zvýšení hladiny sérového a testikulárního testosteronu 

Toxoplasma-pozitivních potkanů mezi šesti a osmi týdny po infekci (Lim et al., 2013).  

Zajímavé výsledky v souvislosti s vlivem T. gondii na hladiny testosteronu přináší studie 

(Staurengo-Ferrari et al., 2021), ve které autoři infikovali myší Leydigovy buňky T. gondii 

a měřili změny v hladinách testosteronu v supernatantu buněk ve 3, 6, 24 a 48 hodinách 

po nákaze. Nejenže byla hladina testosteronu vyšší v infikovaných buňkách, ale dokonce 

se s časem ještě zvyšovala. Leydigovy buňky produkující testosteron hrají klíčovou roli 

v samčí reprodukci (Walker, 2011) a jejich poškození tedy může ohrozit mužskou plodnost 

(Yang et al., 2015).  

Studie vlivu toxoplazmózy na hladiny testosteronu u lidí také přinášejí nejednotné 

výsledky. Ve studii případů a kontrol měli muži s latentní toxoplazmózou signifikantně 

nižší hladinu testosteronu v krevním séru než Toxoplasma-negativní muži (Eslamirad et 

al., 2013). Koncentrace testosteronu ve slinách Toxoplasma-pozitivních mužů byla naopak 

významně vyšší než u Toxoplasma-negativních mužů (Flegr et al., 2008). V dalších dvou 

studiích autoři pozorovali vyšší hladinu testosteronu v krevním séru Toxoplasma-

pozitivních mužů i žen oproti Toxoplasma-negativním jedincům (Shirbazou et al., 2011; 

Zouei et al., 2018). Vyšší hladinu sérového testosteronu u nakažených mužů popisuje také 
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studie provedená na studentech (Borráz-León et al., 2021). V této studii se však hladina 

sérového testosteronu nelišila mezi nakaženými a nenakaženými ženami.  

Vliv toxoplazmózy na hladiny testosteronu byl dále diskutován ve studiích, ve kterých 

autoři pozorovali větší tělesnou výšku (Flegr et al., 2005) a vyšší vnímanou dominanci 

(Hodková et al., 2007) u mladých Toxoplasma-pozitivních mužů ve srovnání s kontrolami, 

což nepřímo značí zvýšené hladiny testosteronu u nakažených mužů. 

Výsledky studií hladin testosteronu závisí na době od nákazy T. gondii a také na typu 

měřeného testosteronu. Ať už hladiny testosteronu T. gondii snižuje či zvyšuje, 

pravděpodobně tím může ovlivňovat plodnost hostitele. Mechanismem, kterým by 

T. gondii mohla regulovat syntézu testosteronu, je zvýšení exprese mRNA receptoru 

luteinizačního hormonu a enzymů, které se účastní syntézy testosteronu (Lim et al., 2013). 

Na hladiny samčích pohlavních hormonů má vliv také nadprodukce reaktivních forem 

kyslíku (Darbandi et al., 2018), která doprovází infekci T. gondii, jelikož důležitou roli 

v obraně hostitele hrají cytokiny aktivované makrofágy (Munoz et al., 2011). 

 

2.6.2. Vztah mezi Toxoplasma gondii a depresivitou v závislosti na problémech 
s plodností 

S neplodností bývají mimo jiné spojovány také deprese a úzkosti (Rooney and Domar, 

2018). Metaanalýza ukázala vyšší skóry deprese a úzkosti u neplodných párů v porovnání 

s plodnými páry (Fallahzadeh et al., 2019). Vyšší míra stresu spojená s neplodností (Bayley 

et al., 2009) a vyšší míra deprese (Faramarzi et al., 2013) měřená pomocí Beckova 

dotazníku na depresivitu (Beck et al., 1996) byly pak pozorovány více u žen než u mužů. 

Latentní infekce neurotropickým patogenem T. gondii je spojována se specifickými vlivy 

na osobnost člověka (Flegr et al., 2000; Flegr and Havlíček, 1999) a jeho chování (Flegr, 

2007; Flegr et al., 1996; Lindová et al., 2006, 2010). Několik studií se zabývalo vlivem 

latentní toxoplazmózy na deprese, ale jejich výsledky jsou nekonzistentní. Například 

Toxoplasma-pozitivní psychiatričtí pacienti měli vyšší skór depresivity měřený pomocí 

Beckova dotazníku na depresivitu (BDI) než Toxoplasma-negativní psychiatričtí pacienti 

(Kamal et al., 2020). Studie případů a kontrol (Alvarado-Esquivel et al., 2016) a také 

průřezová studie (Al-Hussainy et al., 2015) ukázaly, že psychiatričtí pacienti trpící depresí 

byli signifikantně častěji nakažení toxoplazmózou než kontrolní skupina netrpící depresí. 

Další studie zjistily spojitost mezi toxoplazmózou a symptomy deprese u válečných 

veteránek (Duffy et al., 2015) a také u těhotných žen (Groër et al., 2011). 
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Na reprezentativním vzorku finské populace byly zjištěny vyšší BDI skóry u Toxoplasma-

pozitivních žen než u Toxoplasma-negativních žen (Suvisaari et al., 2017). Na druhou 

stranu průřezová studie provedená na české populaci přichází se zjištěním, že 

Toxoplasma-pozitivní muži se zdají být chráněni před unipolární depresí (Flegr, 2015). Ale 

v další studii nenašli žádnou souvislost mezi séroprevalencí T. gondii a historií deprese 

(Pearce et al., 2012). Metaanalýza 29 studií ukázala, že by toxoplazmóza neměla být 

považována za rizikový faktor pro pacienty s depresí (Nayeri Chegeni et al., 2019) a další 

metaanalýza 50 studií (Sutterland et al., 2015) ani ekologická studie (Flegr et al., 2014b) 

nenašly žádnou signifikantní souvislost mezi toxoplazmózou a depresí.  

Ve studii (Hlaváčová et al., 2021a), která je součástí této disertační práce, jsme nenalezli 

žádný statisticky významný rozdíl v BDI-II skórech mezi Toxoplasma-pozitivními 

a Toxoplasma-negativními ženami a ani mezi ženami s diagnostikovanými poruchami 

plodnosti a ženami bez poruch. V podsouboru žen bez poruch plodnosti však měly 

nakažené ženy vyšší skóry depresivity než nenakažené ženy. Tyto výsledky jsou v souladu 

se studiemi, které prokázaly vyšší hladiny deprese u Toxoplasma-pozitivních veteránek 

(Duffy et al., 2015) a těhotných žen (Groër et al., 2011).  

Dále v celkovém souboru mužů a podsouboru mužů s patologickým spermiogramem měli 

Toxoplasma-pozitivní muži nižší skóry depresivity než Toxoplasma-negativní muži. 

Stejně jako výsledky dříve publikovaných studií (Flegr, 2015; Flegr et al., 2018), tak i naše 

výsledky naznačují, že nakažení muži by mohli být chráněni před depresí. Infekce hostitele 

je charakterizována zvýšenými hladinami IL-10 (Gaddi and Yap, 2007; Kaňková et al., 

2010; Matowicka-Karna et al., 2009), které mohou snížit depresi prostřednictvím 

imunosupresivních a protizánětlivých aktivit (Deckert-Schlüter et al., 1997; Wilson et al., 

2005). Tento mechanismus sám o sobě však nemůže vysvětlit, proč nebyl pozorován 

ochranný účinek toxoplazmózy proti depresi u žen, a proč Toxoplasma-pozitivní ženy bez 

problémů s plodností měly významně vyšší skóre depresivity než Toxoplasma-negativní 

ženy. 

Naše výsledky (Hlaváčová et al., 2021a) ukazují, že latentní toxoplazmóza ovlivňuje míru 

depresivity u mužů a žen opačným směrem – u žen se zvyšuje a u mužů klesá. Významné 

rozdíly v účinku latentní toxoplazmózy mezi muži a ženami byly pozorovány i v souvislosti 

se změnami osobnosti (Flegr et al., 1996, 2000; Flegr and Havlíček, 1999; Flegr and Hrdý, 

1994). Zdá se, že Toxoplasma-pozitivní muži méně dodržují pravidla a jsou podezřívavější, 

žárlivější a dogmatičtější než Toxoplasma-negativní muži, zatímco Toxoplasma-pozitivní 

ženy jsou srdečnější, pohodovější, svědomitější, vytrvalejší a moralističtější než 
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Toxoplasma-negativní ženy. Změny v chování a osobnosti nakažených jedinců by mohly 

být ovlivněny také změnami v hladinách testosteronu, o kterých byla řeč v předešlé 

kapitole.  

Pohlavně závislé behaviorální reakce na infekci T. gondii by mohly být vysvětleny 

odlišnými reakcemi mužů a žen na chronický stres spojený s celoživotní infekcí (Lindová 

et al., 2006, 2010). Ženy se obvykle vyrovnávají se stresem tak, že vyhledávají a poskytují 

sociální podporu (Carver et al., 1989; Rosario et al., 1988; Stone and Neale, 1984), zatímco 

muži využívají více individualistických a antisociálních strategií (Carver et al., 1989; 

Hobfoll et al., 1994). Rozdíl mezi mužskou odpovědí na stres „bojuj nebo uteč“ a ženskou 

odpovědí „starej se a spřátel se“ pramení z potřeby žen chránit děti a udržovat sociální 

vztahy (Taylor et al., 2000). Mezi pohlavími existují také fyziologické rozdíly ve stresových 

reakcích osy hypotalamus-hypofýza-nadledviny (Kudielka and Kirschbaum, 2005). 

Mechanismy související se stresem by tedy mohly hrát roli v pozorovaných rozdílech 

v účinku toxoplazmózy na skóry depresivity u mužů a žen.  

Některé výše uvedené studie zkoumaly vztah mezi toxoplazmózou a depresí bez ohledu na 

pohlaví participantů (Kamal et al., 2020; Nayeri Chegeni et al., 2019). Naše studie 

(Hlaváčová et al., 2021a) se podobá studii provedené na finské populaci (Suvisaari et al., 

2017) a to ve dvou hlavních ohledech. V obou studiích byla depresivita měřena pomocí 

Beckova dotazníku na depresivitu (Beck et al., 1996), a také byly odhaleny pohlavní rozdíly 

ve vlivu toxoplazmózy na depresivitu. 
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3. Závěr 

 

3.1. Pohlavní přenos Toxoplasma gondii 

Toxoplazmóza je velmi rozšířená parazitóza u lidí, která postihuje přibližně třetinu světové 

populace. Kromě klasických zdrojů infekce u lidí je v poslední době diskutován pohlavní 

přenos parazita, který již byl potvrzen u krys (Dass et al., 2011), králíků (Liu et al., 2006), 

ovcí (Consalter et al., 2017; de Moraes et al., 2010; Lopes et al., 2013), koz (Santana et al., 

2013; Wanderley et al., 2013) a psů (Arantes et al., 2009). Hypotézu pohlavního přenosu 

T. gondii u lidí ale podporují jen nepřímé důkazy:  

- Pozitivní korelace mezi prevalencí toxoplazmózy a prevalencí některých sexuálně 

přenosných chorob (Flegr et al., 2014a). 

- Pozitivní korelace mezi toxoplazmózou a množstvím nechráněného pohlavního 

styku (Flegr et al., 2014a). 

- Vyšší prevalence toxoplazmózy u mužů s historií sexuální promiskuity (Alvarado-

Esquivel et al., 2021)  

- Vyšší počet sexuálních partnerů u nakažených žen (Borráz-León et al., 2022). 

- Vyšší prevalence toxoplazmózy u sexuálních pracovnic (Alvarado-Esquivel et al., 

2015). 

- Sex bez kondomu jako rizikový faktor pro nákazu T. gondii (Prasetyo et al., 2014).  

- Dvě třetiny infekcí nevysvětlených známými rizikovými faktory (Petersen et al., 

2010).  

- Vysoká prevalence toxoplazmózy u otců kongenitálně nakažených dětí 

(Contopoulos-Ioannidis et al., 2015). 

Ve studii (Hlaváčová et al., 2020), která je součástí této disertační práce, jsme zjistili, že 

jedním z rizikových faktorů pro nákazu T. gondii u žen byla Toxoplasma-séropozitivita 

jejich sexuálního partnera. Pro muže však Toxoplasma-séropozitivita jejich sexuální 

partnerky rizikovým faktorem nebyla. Naše výsledky tak podpořily hypotézu 

jednosměrného přenosu z mužů na ženy pohlavní cestou. 

V publikaci (Kaňková et al., 2020), která je také součástí této práce, jsme navrhli hypotézu, 

která říká, že k přenosu T. gondii a nákaze může docházet během orálního sexu v případě, 

že neinfikovaný jedinec pozře ejakulát infikovaného muže. Pokud by ejakulát obsahoval 

tkáňové cysty, lze očekávat podobný způsob infekce jako při pozření syrového masa 

s tkáňovými cystami. Kromě nepřímých důkazů podporujících pohlavní přenos parazita 
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vypsaných výše existují ještě další nepřímé důkazy podporující přenos parazita během 

orálního sexu: 

- Vyšší prevalence toxoplazmózy u žen i mužů, kteří uváděli, že praktikovali felaci 

s muži (Kaňková et al., 2020). 

- Vyšší prevalence toxoplazmózy u žen ve srovnání s muži u adolescentů ve věku 10 

až 14 let (Kodym et al., 2000), u kterých je orální sex včetně felace vysoce rozšířen, 

zvláště u těch, u kterých ještě nedošlo k penetračnímu styku (Copen et al., 2012; 

Stone et al., 2006).  

Je otázkou, jak často může k infekci T. gondii pohlavní cestou docházet. V přiložené 

submitované studii (Tong et al., submitted) jsme jako první prokázali přítomnost 

tkáňových cyst T. gondii ve spermatu mužů s latentní toxoplazmózou. Není ale známo, jak 

často jsou paraziti přítomni v ejakulátu a v jakém množství se do ejakulátu dostávají. Je 

možné, že se parazit do ejakulátu dostává kontinuálně se spermiemi nebo se sekretem ze 

semenných váčků. Není také známo, jaká velikost infekční dávky je zapotřebí k nákaze 

jedince. 

V budoucích studiích by bylo důležité hypotézu přenosu T. gondii během orálního sexu 

experimentálně prokázat. Z etických důvodů není možné provést takový pokus na lidech. 

Ideálním experimentem by bylo podat myším kmene citlivého k nákaze T. gondii ejakulát 

od infikovaných mužů, a poté myši sérologicky vyšetřit na přítomnost protilátek proti 

T. gondii.  

Budoucí výzkum pohlavního přenosu T. gondii je velmi důležitý, jelikož toxoplazmóza stále 

není považována za pohlavně přenosnou nemoc u lidí. Jestliže by k němu ale docházelo, 

nechráněný pohlavní styk by mohl vést k infekci žen. V případě nákazy žen před 

otěhotněním nebo v době těhotenství by následně mohlo docházet k infekci plodu, a tedy 

k nejzávažnější formě nemoci, kongenitální toxoplazmóze. Mnoho lidí si uvědomuje 

obecná zdravotní rizika nechráněného pohlavního styku. Je otázkou, kolik z nich eviduje 

případná rizika infekce patogeny při orálním sexu. Pokud pohlavní styk včetně orálního 

sexu s infikovanými muži skutečně představuje významný rizikový faktor pro získání 

toxoplazmózy, bylo by vhodné, kdyby byli mladí lidé a těhotné ženy přinejmenším 

informováni o zdravotních rizicích. 
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3.2. Vliv Toxoplasma gondii na plodnost člověka 

Kromě možného pohlavního přenosu T. gondii byl druhou velkou problematikou 

studovanou v této práci vliv toxoplazmózy na plodnost člověka. Nepřímé důkazy 

negativního vlivu toxoplazmózy na plodnost mužů poskytují následující studie: 

- Vyšší prevalence toxoplazmózy u neplodných párů (Zhou et al., 2002).  

- Vyšší prevalence toxoplazmózy u neplodných mužů (Qi et al., 2005).  

- Vyšší hladina protilátek proti spermiím u Toxoplasma-pozitivních mužů (Zhou et 

al., 2002). 

- Toxoplasma-pozitivní muži měli méně dětí než Toxoplasma-negativní muži (Flegr 

and Preiss, 2019). 

Ve studii (Hlaváčová et al., 2021b), která je součástí této disertační práce, jsme zjistili, že 

latentní toxoplazmóza negativně ovlivňuje některé parametry plodnosti, konkrétně počet 

a pohyblivost spermií, nikoli však morfologii spermií a objem spermatu. Negativní vliv 

latentní toxoplazmózy na parametry spermatu byl silnější u subpopulace kuřáků. 

Pomineme-li pilotní studii (Colosi et al., 2015) provedenou na malém vzorku mužů, tato 

studie jako první prokázala specifický vliv T. gondii na parametry plodnosti u mužů, jelikož 

byla tato problematika zatím podrobně studována pouze u zvířat. Avšak asociace nemusí 

nutně znamenat kauzalitu. Snížená plodnost pravděpodobně nezvyšuje riziko nákazy 

T. gondii, ale je možné, že některé další faktory, jako je imunita nebo životní styl, by mohly 

zvýšit riziko infekce i riziko snížené plodnosti. Obecně lze říci, že studovat příčiny 

neplodnosti je velmi obtížné, protože do této problematiky vstupuje mnoho genetických 

a environmentálních faktorů a jejich vzájemné působení. Kvůli tomu je obtížné zkoumat 

mechanismus neplodnosti u lidí pomocí pozorovacích studií. Na druhou stranu latentní 

toxoplazmóza postihuje asi jednu třetinu světové populace. Přestože může být její vliv na 

lidskou reprodukci na úrovni jednotlivců malý, může být důležitý na úrovni velkých 

populací (Dama et al., 2016). Výsledky naší studie naznačují, že by se v budoucnosti mělo 

věnovat více pozornosti studiu vlivu latentní toxoplazmózy na reprodukční funkce mužů. 

Toxoplasma gondii by pravděpodobně mohla ovlivňovat plodnost hostitele 

prostřednictvím změn v hladinách testosteronu. Výsledky vlivu toxoplazmózy na hladiny 

testosteronu jsou nejednotné, ale lze říci, že závisí na době od nákazy a typu měřeného 

testosteronu. Je ovšem důležité zmínit, že nákaza T. gondii a hladiny testosteronu se 

mohou vzájemně ovlivňovat. T. gondii by mohla měnit hladinu testosteronu, a tím 

osobnost a chování lidí, ale zároveň nelze vyloučit možnost, že se lidé s určitým typem 

osobnosti a chování dostávají do většího rizika styku se zdrojem infekce T. gondii. Tuto 
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kauzalitu můžeme velmi těžce testovat u lidí, u kterých často neznáme přesnou dobu 

nákazy. Nicméně studie na laboratorních zvířatech (Abdoli et al., 2012; Kaňková et al., 

2011; Khaki et al., 2011; Lim et al., 2013) a také in vitro (Staurengo-Ferrari et al., 2021) 

opakovaně prokázaly, že ke změnám v hladinách testosteronu dochází až po nákaze. 

S neplodností bývají mimo jiné spojovány také deprese a úzkosti (Rooney and Domar, 

2018). Studií zabývající se vlivem latentní toxoplazmózy na deprese jsou nekonzistentní, 

ale latentní toxoplazmóza bývá spojována se specifickými vlivy na osobnost člověka (Flegr 

et al., 2000; Flegr and Havlíček, 1999) a jeho chování (Flegr, 2007; Flegr et al., 1996; 

Lindová et al., 2006, 2010). 

V přiložené studii (Hlaváčová et al., 2021a) jsme ukázali, že toxoplazmóza ovlivňuje 

depresivitu u mužů a žen opačným směrem. Zdá se, že u mužů ji snižuje a u žen zvyšuje. 

Tato interakce mezi toxoplazmózou, pohlavím a depresí by mohla pomoci vysvětlit 

nekonzistentní výsledky předchozích studií týkajících se stejného tématu a velkou 

heterogenitu výsledků uváděných v metaanalytických studiích. Výsledky studií totiž patrně 

závisí také na poměru mužů a žen ve studovaném vzorku. Naše výsledky naznačují, že 

v budoucích studiích vlivu toxoplazmózy na depresi u lidí by data mužů a žen měla být vždy 

analyzována odděleně. Změny v chování a osobnosti jedinců nakažených T. gondii 

v závislosti na pohlaví by mohly být ovlivněny změnami v hladinách testosteronu. Dalším 

vysvětlením jsou také odlišné reakce mužů a žen na chronický stres spojený s celoživotní 

infekcí (Lindová et al., 2006, 2010).  

Ve studiích na lidech je obtížné přímo testovat směr kauzality. Pozorované změny 

v chování, osobnosti a parametrech plodnosti člověka souvisejících s toxoplazmózou by 

mohly být buď příčinou nebo následkem nákazy. Změny způsobené T. gondii tedy mohou 

být buď vedlejšími účinky patologických procesů v těle infikovaného hostitele, a nebo 

produktem již zmíněné manipulační aktivity parazita (Barnard and Behnke, 1990), 

zaměřené na zvýšení pravděpodobnosti přenosu do definitivního hostitele. Je však také 

možné, že se jedinci mohou lišit ve vnímavosti k infekci T. gondii nebo vykazovat různé 

úrovně rizikového chování, které vedou k větší pravděpodobnosti získání infekce. Výsledky 

longitudinálních studií u lidí (Flegr et al., 1996, 2000) a experimentů na laboratorních 

zvířatech (Skallová et al., 2006; Vyas et al., 2007a, 2007b) a šimpanzích (Poirotte et al., 

2016) však podporují hypotézu změn vyvolaných infekcí.  
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A B S T R A C T

Toxoplasmosis is a parasitic disease widespread in the temperate zone. The definitive hosts of Toxoplasma gondii, which causes the disease, are cats. All warm-blooded

vertebrates, including humans, can be intermediate hosts. A person is usually infected by ingesting oocysts, e.g. by consuming along with vegetables some con-

taminated soil, by drinking contaminated water, or by ingesting tissue cysts contained, for instance, in poorly cooked meat. Less common is congenital transmission

or transmission via organ transplant from an infected donor. Recently, it has been suggested that toxoplasmosis could also be transmitted sexually from infected men

to uninfected women. In this article, we discuss and present evidence for an alternative hypothesis, which suggests that toxoplasmosis could be transmitted by oral

sex (via fellatio) from an infected man to an uninfected person (male or female), especially if the uninfected individual swallows the infected ejaculate. This

hypothesis finds support in the following facts and findings: (1) Toxoplasma has been found in male ejaculate. (2) In several animal species, presence of the parasite in

the seminal fluid of infected males can lead to infection of uninfected females during mating. (3) A higher prevalence of toxoplasmosis has been reported in both

homosexuals and promiscuous individuals, i.e. in populations which practice a broader spectrum of sexual activities, including oral sex. (4) In heterosexual couples, a

partner’s infection seems to be a risk factor for infection in women but not in men. (5) A higher prevalence of toxoplasmosis in females compared to males has been

observed in adolescents aged 10 to 14, where oral sex, including fellatio, is highly prevalent among those who have not yet engaged in penetrative intercourse. (6) On

a theoretical level, one could expect that when an uninfected person swallows ejaculate containing Toxoplasma tissue cysts, this results in a similar infection pattern

to ingestion of Toxoplasma-contaminated undercooked meat. (7) Approximately two-thirds of Toxoplasma infections in pregnant women cannot be explained by any

of the known risk factors. (8) In both women and men who report practicing fellatio with men, there is a higher prevalence of toxoplasmosis than in corresponding

controls. If our hypothesis is correct, an effective public health campaign with emphasis on early sexual education about the risks of unprotected oral sex will be

necessary, especially in pregnant women and HIV-positive people. This route of toxoplasmosis transmission could be experimentally verified by force-feeding

laboratory mice with the ejaculate of infected men.

Introduction

Toxoplasmosis, the result of an infection by a coccidian protist

Toxoplasma gondii (T. gondii), is probably the most widespread human

parasitic infectious disease in industrialized countries. This parasite

causes major opportunistic infections in HIV infected people. The pre-

valence of latent toxoplasmosis in populations ranges from 20% to 80%,

depending on various environmental and socioeconomic factors, in-

cluding the number of cats in the environment, latitude, moisture,

hygienic standards, and cooking habits [1]. T. gondii enters host cells by

actively penetrating host cell membranes or by phagocytosis. It spreads

through the host body via infected mobile cells, such as dendritic cells

and monocytes [2]. Using this Trojan horse strategy, it can enter im-

mune-privileged organs such as the testes, eyes, and brain. In these

organs, it infects various cell types, including neurons, Purkinje cells,

and microglial cells [3]. Invasion and growth rate vary depending on

the strain of T. gondii and the type of host cells.

Acute toxoplasmosis, characterized by rapid replication of

tachyzoites in the body, can be accompanied by influenza-like symp-

toms such as cervical lymphadenopathy, fever, malaise, night sweats,

and myalgia [4]. In immunocompetent hosts, the acute phase usually

spontaneously evolves into a latent phase characterized by the presence

of slowly dividing bradyzoites contained in tissue cysts in various or-

gans of the host. Bradyzoites remain in the body for the rest of host’s life

and likely do not elicit any inflammatory response [5]. Latent tox-

oplasmosis seems asymptomatic, but it has been shown that it can be

accompanied by specific changes in psychomotor performance, beha-

vior, and personality profile [6–8]. The strongest effect of latent tox-

oplasmosis is probably its effect on human reproductive function [9]. In

particular, women with latent toxoplasmosis have more sons [10–12]

and their children exhibit slower prenatal [13,14] as well as postnatal

development [15].

The most harmful form of toxoplasmosis is congenital tox-

oplasmosis. In pregnant women with acute toxoplasmosis, the parasite

(rapidly dividing tachyzoites) can infect the placenta and, after a delay,

the fetus as well. If such transmission occurs during the first trimester, it
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can lead to spontaneous abortion or serious congenital anomalies in the

newborn child. Approximately 20% of infants born with a congenital

infection are severely affected. Around 70% are asymptomatic at birth

but go on to develop various clinical conditions affecting the visual or

auditory system (e.g. chorioretinitis) and/or exhibit slower neurolo-

gical and mental development. Only about 10% of children with con-

genital toxoplasmosis show no symptoms of the infection [1,16].

Toxoplasmosis is transmitted to humans by ingestion of food or

water contaminated with cat feces containing Toxoplasma oocytes, or

by eating undercooked meat containing tissue cysts with slowly di-

viding bradyzoites [1]. The infection can be also transmitted by the

most active form of the parasite, the tachyzoites, but this form is present

in the host only during acute infection and disappears soon after the

host develops an immunity to the parasite. An important difference

between tachyzoites and bradyzoites is that bradyzoites are resistant to

gastric enzymes and are therefore infectious orally, while tachyzoites

are destroyed by gastric enzymes [17].

Recently, it has been suggested that toxoplasmosis could also be

transmitted sexually [18]. The authors of this hypothesis have pre-

sented several pieces of an indirect evidence in support of T. gondii

transmission from infected men to uninfected women during un-

protected sexual intercourse. The problem with this hypothesis is that

Toxoplasma tachyzoites are present in the blood and other body fluids of

infected subjects only during the short acute stage of the infection and

tissue cysts containing bradyzoites, which persist in many organs

throughout the host’s life, are adapted to entering the body of a new

host orally. In the following, we discuss and present evidence for an

alternative hypothesis, which suggests that toxoplasmosis can be

transmitted via oral sex, namely by fellatio, rather than by penetrative

sexual intercourse.

The issue of pathogen transmission via oral sex is increasingly im-

portant given the common notion that “oral sex is not sex” [19], be-

cause virginity, as it is traditionally defined, is not lost, and the like-

lihood of pregnancy is removed. Oral sex is also considered a safe

version of sex. However, its safeness (without using a mechanical bar-

rier) only concerns the elimination of the risk of conception, not the risk

of transmission of infections. In fact, many widespread infections, in-

cluding the papilloma virus infection and candidiasis, are frequently

transmitted by this route.

The hypothesis

Transmission of toxoplasmosis from an infected man to an unin-

fected person (male or female) occurs during oral sex (fellatio) when

the uninfected individual swallows the ejaculate of the infected man.

Evaluation of the hypothesis

T. gondii DNA has been found in the semen of experimentally in-

fected male rabbits [20] and male goats [21]. T. gondii cysts were ob-

served eight weeks after infection in the epididymis and semen of in-

fected male rats [22]. Moreover, immunohistochemical analysis

detected the presence of T. gondii in both testicular samples and the

epididymis of dogs with acute toxoplasmosis. Tachyzoites were found

in semen samples and their viability was demonstrated by artificial

insemination of four Toxoplasma-negative female dogs, all of which

seroconverted by day seven after inoculation [23]. In another study,

immunohistochemical results revealed the presence of T. gondii in the

epididymis and seminal vesicles of pigs. These findings were confirmed

by DNA detection of T. gondii in pig semen [24]. In another study, a

bioassay found T. gondii in the testes and seminal vesicles of all twelve

examined young steers [25]. The parasite was also isolated from semen

samples of experimentally infected steers and detected both by Indirect

Fluorescent Antibody Technique and directly, in the form of T. gondii

brain cysts, in mice inoculated subcutaneously with semen aliquots

from bovine ejaculates [25].

Presence of the parasite in the seminal fluid of infected males may

lead to the infection of uninfected females during mating. Sexual

transmission of toxoplasmosis has been observed in several animal

species. In rats and sheep, females and their offspring have acquired the

infection via mating with infected males [22,26]. In goats, T. gondii has

been sexually transmitted during natural mating with infected males

[27]. Female dogs, rabbits, and sheep have been infected after artificial

insemination with infected semen [23,28]. It ought to be noted, though,

that in all these animal experiments, the males had been infected re-

cently and tachyzoites were therefore probably only temporarily pre-

sent in their body fluids.

The first study related to the sexual transmission of toxoplasmosis in

humans was carried out in 1971, and that study found the parasite in

the ejaculate of several men [29]. Generally speaking, when it comes to

sexual transmission of toxoplasmosis in humans, we can only look for

indirect evidence because the ethics of direct testing would be highly

problematic. Nevertheless, a recent analysis of infection patterns in

couples had shown that some women have probably been infected with

T. gondii by their male partners. Authors of that study analyzed various

risk factors for toxoplasmosis, including sexual partners’ infection

status, and it seems likely that partner’s infection is a risk factor for

infection in heterosexual women, but not in heterosexual men. These

results [30] strongly support the hypothesis of sexual transmission of

toxoplasmosis from men to their sexual partners.

A positive correlation has been observed between the prevalence of

toxoplasmosis in women of childbearing age and the incidence of

sexually transmitted diseases (mainly gonorrhea, syphilis, and chla-

mydiosis) in WHO-member countries [18]. The authors of that study

suggested that unprotected sexual intercourse may well represent a

shared risk factor for the transmission of these diseases and tox-

oplasmosis. Moreover, the probability of T. gondii infection in pregnant

women increases with the amount of unprotected sex with her infected

partner prior to pregnancy [18]. Similarly, a high prevalence of tox-

oplasmosis was reported in promiscuous people in Mexico [31] and in

sex workers [32]. In this context, it should be noted that sexually

transmitted infections are transmitted from person to person during

various types of sexual contact, not only through penile-vaginal inter-

course. Higher sexual activity is associated with various sexual prac-

tices, including oral sex. It is also well known that oral-genital and oral-

anal sex may lead to the transmission of a wide variety of both non-viral

[33] and viral sexually transmitted infections [33,34]. During oral sex,

partners often intentionally or unintentionally swallow the man’s eja-

culate. It should be borne in mind, meanwhile, that if an uninfected

person swallows ejaculate containing T. gondii tissue cysts, one could

expect a similar infection pattern as, for instance, after eating under-

cooked meat containing tissue cysts with bradyzoites.

Other results indirectly supporting this hypothesis come from stu-

dies on homosexual men. A high prevalence of toxoplasmosis has been

reported among homosexuals in Indonesia [35]. Among men who have

sex with men, unprotected oral and anal sex was associated with the

highest risk of HIV transmission [36]. Similarly, a higher Toxoplasma-

seropositivity (67.8%) has been observed in HIV-infected people than in

immunocompetent adults (30.9%) in India [37] and especially in sub-

Saharan Africa. A recent systematic review and meta-analysis [38]

comprising 25,989 HIV-infected persons from 34 countries showed a

suspiciously high prevalence of toxoplasmosis in various regions: 25.1%

in Asia and the Pacific (where the prevalence in general population is

mostly low), 44.9% in sub-Saharan Africa, 49.1% in Latin America and

the Caribbean, and 60.7% in North Africa and the Middle East. In the

Czech Republic, the prevalence of positive Toxoplasma serology was

40.2% in HIV-infected men [39] compared to 31% prevalence of tox-

oplasmosis in the general population of men over 19 years of age [40].

It can be hypothesized that HIV-infected subjects’ impaired immunity

(and not, e.g., the more active sex life of male homosexuals) is re-

sponsible for the increased prevalence of toxoplasmosis in this popu-

lation. This explanation, however, is challenged by the fact that the
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same study found virtually no difference in toxoplasmosis prevalence

between HIV-positive and immunocompetent women (43.5% in HIV-

infected and 42% in the general population).

Approximately two thirds of T. gondii infections in pregnant women

cannot be explained by any of the known risk factors [41,42]. We could

speculate that some pregnant women abstain from sexual intercourse or

are not advised to engage in penile-vaginal sex during pregnancy for

health reasons. It is possible that these women could start to practice

oral sex or practice it more often to sexually satisfy their partners. If the

sexual partner is infected, women could acquire toxoplasmosis, which

could lead to primoinfection in pregnancy, and consequently to an in-

creased risk of congenital toxoplasmosis in the fetus [1,16].

Generally, it is assumed that females perform fellatio more often

than males do. In many countries, there is a higher prevalence of latent

toxoplasmosis in women than in men. For example, in clinically healthy

people in China, seroprevalence was 14% for women and 10.7% for

men [43]. Similarly, in urban areas of Slovakia, seroprevalence of

toxoplasmosis is 32.4% for women and 22.4% for men [44]. In the

Czech Republic, an epidemiological survey conducted between 1971

and 1996 showed a toxoplasmosis prevalence of 34.1% for women and

26.3% for men [40]. A similar pattern has been observed in the most

recent epidemiological study performed on a sample of 1,865 Czech

internet users, which showed a 34.5% prevalence of toxoplasmosis in

women and just 24% in men [45]. These differences in prevalence

between genders first emerge in the age group of 10–14 and culminate

in age groups of 20–39 [40] and 20–24 [45]. It ought to be noted,

though, that the difference in toxoplasmosis prevalence after the age of

14 could be linked to first sexual experiences, especially with oral sex,

which in many countries – including Czechia – tends to precede penile-

vaginal sex [46,47]. The subsequent increase in prevalence could be

linked to increasing sexual activity and lifelong accumulation of “past

sexual partners”. Oral sex is commonly practiced by sexually active

couples (both opposite-sex and same-sex) of various ages, including

adolescents. Because the risk of acquiring sexually transmitted diseases

through oral sex is believed to be lower than during anal or vaginal sex,

people could erroneously believe that unprotected oral sex is a safe or

low-risk sexual practice. People engage in oral sex both as part of

foreplay or following penetrative intercourse. It has been shown that a

high percentage of boys aged 15–19 reported receiving oral sex (47%)

and among men aged 15–24, 24% had oral sex before their first penile-

vaginal intercourse [46]. One study which focused on the practice of

oral sex among people aged 16–21 in the United Kingdom [47] reported

that fellatio and cunnilingus are highly prevalent among young people

(70%), regardless of whether they had had any previous experience

with penetrative intercourse. The study showed that 22% of those who

had not yet engaged in penetrative intercourse had already practiced

some form of oral sex. Moreover, only 17% of respondents who ex-

perienced fellatio once and 2% who received fellatio more than once

reported consistent use of a condom [47]. Reduced pleasure and lack of

motivation, desire, and forethought were reported as the main reasons

for not using condoms during fellatio, while hygiene and avoiding the

dilemma of spitting or swallowing the ejaculate were reported as rea-

sons for using condoms.

Empirical data

A recent anonymous survey [48] performed on a sample of Czech

internet users showed that all forms of oral sex, including man-man

fellatio, were rather common in Czechia. Approximately 93% of 8,984

women in the sample had performed fellatio on their male partner at

least once, while among the 7,928 men in the sample, the proportion of

individuals who admitted to giving fellatio to another man was nearly

22%. About 1,000 men and 1,500 women who answered questions

about oral sex also indicated whether they had been tested for tox-

oplasmosis and the result of their laboratory test, i.e. whether they were

infected with Toxoplasma or not. Partial Kendall correlation tests

controlled for subjects’ age showed no significant effect of fellatio on

the risk of T. gondii infection (women: Tau = 0.023, p = 0.134, men:

Tau = -0.015, p = 0.481). It is known, however, that toxoplasmosis

has a strong negative impact on the frequency of all forms of sexual

behavior and especially on the frequency of less conventional forms of

sex [48,49]. We have therefore repeated the analyses and controlled for

both age and the frequency of passive forms of oral sex, i.e. cunnilingus

from male partner in women (reported by 94% women) and fellatio

from another man in men (reported by 24% of men). In women, pro-

viding oral sex had a significant positive effect on the risk of being

infected with Toxoplasma (Tau = 0.036, p = 0.016). In men, the effect

was only slightly weaker (Tau = 0.029) and statistically nonsignificant

(p = 0.177), probably due to the much lower number of subjects who

reported engagement in these activities: only 265 (31 Toxoplasma-in-

fected) men reported man-man fellatio, while 1,830 women (356

Toxoplasma-infected) reported woman-man fellatio.

Limitations

Sexual transmission of T. gondii has been convincingly established in

animals (see above). Based on a number of arguments [18], it can be

assumed that this mode of transmission can also take place in humans.

Unfortunately, it is very hard to disentangle the available indirect

evidence which supports transmission through sexual intercourse from

that which supports transmission by oral sex. Moreover, the proposed

hypothesis of transmission through oral sex assumes that the ejaculate

is swallowed.

The positive association between oral sex and toxoplasmosis is a

convincing argument for the hypothesis. The observed effect size of the

association was relatively weak. It must be stressed, however, that the

observed effect size of around 0.03 probably underestimates the im-

portance of this route of Toxoplasma transmission, because fellatio is a

necessary but not sufficient precondition of penile-oral transmission of

Toxoplasma. To wit, participants were asked in the questionnaire only

how often they provided fellatio, not how often they provided fellatio

and swallowed the ejaculate. Subjects who did not swallow ejaculate

(especially those whose partners used a condom) were in fact not at risk

of penile-oral transmission of Toxoplasma. Their presence in the subset

of subjects who provided fellatio thus strongly decreases the observed

strength of the toxoplasmosis–fellatio association

Consequences of the hypothesis and discussion

It is difficult to estimate how common infection through oral sex

might be. In several animal species, T. gondii has been found in addition

to the ejaculate in the testes, epididymis, and in seminal vesicles

[22,25,50]. It is therefore possible that the parasite enters the ejaculate

continuously with spermatozoa or with the secretion from seminal ve-

sicles.

Various forms of oral sex occur frequently in different animal spe-

cies, including bonobos [51], orangutans [52,53], lemurs [54], and

fruit bats [55]. It is therefore possible that pathogen presence in the

ejaculate is actually an effective evolutionary adaptation for a hor-

izontal spread of primarily food-transmitted diseases (not only tox-

oplasmosis) in host populations.

It is not known how often the parasites are present in the ejaculate

of infected men, what form they take, and how much enters the eja-

culate. It is also not known how many ingested parasites are required

for infection to take hold. It is known that bradyzoites are better

adapted to oral infections and they are far less susceptible to destruc-

tion by proteolytic enzymes than the tachyzoites [17]. A study which

examined the effect of trypsin and pepsin on T. gondii tachyzoites in

vitro and in vivo showed that some tachyzoites can survive in acid

trypsin solution for one hour in vitro. Nevertheless, relatively high

doses (over 1,000 zoites) of T. gondii tachyzoites were needed to infect

mice and cats by the oral route. Mice and cats were probably infected
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by tachyzoites which entered the pharynx mucosa or those which sur-

vived digestion in the intestines [56]. We can also speculate that the

parasite’s route doesn’t necessarily lead through the stomach and in-

testine after infection via oral sex. For example, local lesions in the oral

epithelium could be the main site of entrance of Toxoplasma gondii into

the bloodstream.

It has already been established that other protozoa can be trans-

mitted orally. Oral transmission is the most important route of trans-

mission of Trypanosoma cruzi in some geographical regions [57]. A high

efficiency of metacyclic forms of T. cruzi in establishing infection by

oral route is associated with the expression of gp82, a stage-specific

surface molecule that binds to gastric mucin and to epithelial cells [58].

Using bioluminescence and quantitative real-time PCR to evaluate the

presence of T. cruzi Dm28c luciferase (Dm28c-luc), parasites in orally

infected mice indicated the nasomaxillary region as the site of parasite

invasion in the host, becoming consistently infected throughout the

acute phase [59].

In future studies, it would be important to prove the hypothesis

experimentally. For obvious reasons, it is not possible to perform the

infection experiment on humans. However, experimental rodents, e.g.

sensitive strains of mice or rats could be force-fed with ejaculate of

infected men and then examined serologically, histologically for the

Toxoplasma infection. It would be also crucial to find out which form of

Toxoplasma (tachyzoites, bradyzoites, tissue cysts, eventually another

specialized or yet unknown form of the parasite) is present in the eja-

culate of latently infected males. The ejaculate of the infected men

should be stained with stage-specific antibodies, such as anti-Bag-1 or

processed with the RNAScope staining technique [60]. Such studies are

currently underway.

Toxoplasmosis is a very widespread parasitosis which affects about

one third of world’s population. The importance of its most serious

form, congenital toxoplasmosis, is now increasing because protective

immunity, acquired by latent infection, is decreasing among young

women in most developed countries. At the same time, the popularity of

all less traditional forms of sex, including oral sex, is on the rise. If our

hypothesis is correct and Toxoplasma can be transmitted from infected

men to noninfected individuals by fellatio, the clinical impact of penile-

oral transmission of toxoplasmosis is thus also increasing.

Paradoxically, the observed decrease of seroprevalence of tox-

oplasmosis in developed countries could thus escalate the risk of serious

health complications during pregnancy.

Currently, we can only speculate whether Toxoplasma gondii is the

only alimentary transmitted pathogen adapted to this type of trans-

mission or whether the infectious stages of other pathogens, including

viruses, could also be present in the ejaculate of seemingly healthy men.

Many people are aware of the health risks of unprotected penetrative

intercourse. Various emerging evidence, however, suggests that in the

case of diseases usually transmitted by the alimentary route, un-

protected oral sex could also pose a high risk. If oral sex with infected

men is indeed an important risk factor for acquiring toxoplasmosis, an

effective public health campaign focused on awareness of the risks of

unprotected oral sex should be designed and aimed at young people,

pregnant women, and HIV-positive patients.
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Toxoplasmosis is one of the most widespread human parasitoses in developed countries. Sexual transmission

has been confirmed in several animal species, and indirect evidence suggests it may occur in humans. We

compared the seropositivity to Toxoplasma gondii in couples who visited the Center for Assisted Reproduction in

Prague from June 2016 to June 2018 and analyzed various risk factors including the serological status of sexual

partner. By comparing the risk factors in men and women, we tested the hypothesis of male-to-female sexual

transmission of toxoplasmosis. The prevalence of toxoplasmosis in women with infected male partners (25.6%;

n = 156) was higher than in women with uninfected male partners (18.2%; n = 477; P = 0.045). Therefore,

a partner’s seropositivity seems to be a risk factor for infection in women (n = 593; prevalence ratio = 1.418;

P = 0.045) but not in men (n = 573; prevalence ratio = 1.058; P = 0.816). Our results support the hypothesis

of the sexual transmission of T. gondii from men to women. The risk may seem relatively low, but transmission

can occur during unprotected sexual intercourse, which may be at the time of conception. Because of the risk of

congenital toxoplasmosis, a lower risk of infection than that observed in our study can represent a serious health

problem.

risk factors; semen; sexually transmitted diseases; Toxoplasma

Abbreviations: Ig, immunoglobulin; SD, standard deviation.

The prevalence of toxoplasmosis in human populations
generally ranges from 20% to 80% depending on age, cul-
tural habits, and environmental factors. For example, in the
1990s, seroprevalence in women of childbearing age ranged
from 37% to 58% in Central European countries, Poland,
Croatia, Slovenia, Australia, and northernAfrica. Seropreva-
lence was higher in several Latin American (51%–72%) and
West African (54%–77%) countries. Lower seroprevalence
has been reported in Southeast Asia, China, and Korea,
as well as in countries with cold climate, such as in the
Scandinavian region (4%–39%) (1).
Definitive hosts of Toxoplasma gondii are representatives

of any feline species, and its intermediate hosts can be any
warm-blooded vertebrates. In the definitive host, oocysts
form in the small intestine and are released into the envi-
ronment along with feces (2). In humans, there are 2 clini-
cally distinct phases of postnatally acquired toxoplasmosis.
During the acute phase, characterized by symptoms similar

to viral or bacterial infection, tachyzoites rapidly multiply
in various cells of the host body. In immunocompetent
individuals, this phase spontaneously passes into a latent
stage, during which bradyzoites slowly multiply in tissue
cysts consisting of transformed infected host cells (1). Tissue
cysts can occur in the central nervous system, skeletal and
cardiacmuscles, lungs, liver, kidneys, or reproductive organs
(3, 4). In infected individuals, the infection persists for the
rest of their life.
A serious form of this disease is prenatally acquired

congenital toxoplasmosis, whose prevalence ranges from 0.1
to 3 per 1,000 pregnancies (5). Placental and fetal infec-
tions can occur in women infected shortly before or dur-
ing pregnancy (6). In some cases, this infection leads to
a stillbirth or serious neurological impairment of the child
(7, 8). Some infections may initially be asymptomatic in
newborns but later in life lead to slower mental develop-
ment, blindness, or epilepsy (7). The probability of vertical
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transmission increases from 6% in the first trimester to
72% in the third trimester. However, infection in the first
trimester has the most serious clinical impact on the fetus
(9). Possible sources of postnatally acquired infection are
food or water contaminated with oocysts from cat excrement
or consumption of tissue cysts in raw or undercooked meat
of intermediate hosts (1).
Sexual transmission of toxoplasmosis has been observed

in several animal species. In rats and sheep who mated with
an infected male of their respective species, both females
and their offspring were infected (10, 11). Toxoplasma has
been sexually transmitted also during the natural mating of
goats (12). Female dogs, rabbits, and sheep were infected
after artificial insemination with infected semen (13–15).
The parasite’s DNA, cysts, or tachyzoites were found in the
reproductive organs of most of the aforementioned animal
species (10, 13, 16, 17). Toxoplasma was also found in the
semen and reproductive organs of experimentally infected
male pigs (18) and cattle (19).
There is a difference in response to Toxoplasma infection

between female and male mice. Male mice rapidly respond
to infection, with high levels of tumor necrosis factor-α
and interferon-γ, which help regulate parasite proliferation.
Females do not respond as quickly as males and, therefore,
have a lower survival rate as well as higher Toxoplasma cyst
burden (20).
A review of parasitological literature shows that a large

proportion of Toxoplasma infections in humans cannot be
explained by contact with any known risk factor (21). For
instance, in 52% of women who gave birth to children with
congenital toxoplasmosis, professionals were unable to find
any exposure to a known risk factor (22). Some scientists,
therefore, propose the existence of unknown risk factors,
including male-to-female transmission of toxoplasmosis via
sexual intercourse (23) and oral sex (24). So far, this hypoth-
esis is supported only by indirect evidence. The prevalence
of toxoplasmosis in women of childbearing age correlates
with the prevalence of some sexually transmitted diseases in
a large set of World Health Organization–member countries
(23). Unprotected sexual intercourse can be a shared risk
factor. The probability of Toxoplasma infection in pregnant
women positively correlates with the amount of unprotected
sex before pregnancy. In infected women, the amount of
unprotected sex with their child’s father even correlated
positively with the concentration of antibodies against Tox-
oplasma. These findings suggest that especially women
with acute and postacute infections have a recent history
of unprotected sex (23). Moreover, an association even has
been found between Toxoplasma infection and the number
of reported sexual partners in patients with psychiatric diag-
noses (25). A high prevalence of toxoplasmosis has been
reported inmenwho have sex withmen (26) and sex workers
(27). Unprotected sex can result in a Toxoplasma infection
but also lead to conception and congenital toxoplasmosis in a
child. Indirect support for hypothesis comes from the United
States, where a higher prevalence of toxoplasmosis was
observed in fathers of congenitally infected children (36%)
than in the general male population (9.8%). Moreover, 13%
of fathers tested up to 1 year after the child’s birth had
high levels of antibodies, which indicate recently acquired

infection (28). A 1971 study demonstrated the presence of
Toxoplasma zoites in human ejaculate (29), but since then,
no other study has confirmed this, to our knowledge. Overall,
the published results of animal and human studies provide
strong support for the hypothesis of sexual transmission in
humans.
The aim of this cross-sectional study was to find direct

epidemiologic evidence for the sexual transmission of
toxoplasmosis by semen. For this purpose, we examined
the population of couples for toxoplasmosis and computed
prevalence ratios for various risk factors, including partner’s
seropositivity, separately in female and male populations.
We studied whether the transmission of toxoplasmosis in
couples is unidirectional (i.e., whether a man’s seropositi-
vity is an epidemiologic risk factor for his female partner,
whereas a woman’s seropositivity is not a risk factor for her
male partner).

METHODS

Study design and participants

Data collection was conducted in the form of a cross-
sectional study that took place from June 2016 to June 2018
in collaboration with the Center for Assisted Reproduction
at the Gynecological and Obstetric Clinic of the First Faculty
of Medicine of the Charles University and the General Uni-
versity Hospital in Prague. The study initially involved 749
couples who visited the Center for Assisted Reproduction
with fertility problems. Informed consent was obtained from
all participants. Blood samples for serological testing for
toxoplasmosis were collected during a routine examination.
This research was approved by the Ethics Committee of
General University Hospital in Prague (No. 384/16; 92/17)
and by Institutional Review Board of the Faculty of Science,
Charles University (No. 2015/29).

Questionnaire

Both partners separately completed a questionnaire con-
taining questions about age, relationship with the partner,
medical history, and epidemiologic risk factors. The ques-
tionnaire also included the following questions: “Have you
been exposed to the risk of sexually transmitted diseases (sex
without condoms)? 1) never; 2) minimally (with 1–2 people
over lifetime); 3) rarely (with 3–5 people over lifetime);
4) sometimes yes (with 6–10 people over lifetime); 5) very
often (with more than 10 people over lifetime)”; “Popula-
tion of the town or village where you spent most of your
childhood: 1) <1,000; 2) 1,000–4,999; 3) 5,000–49,999;
4) 50,000–99,999; 5) 100,000–499,999; 6)≥500,000”; “Cat
as a household pet: 1) never in our family; 2) in the past
and only briefly; 3) only in the past but for many years;
4) currently 1 cat; 5) currently 2 cats; 6) currently 3 cats;
7) currently more than 3 cats”; “Have you eaten poorly
washed root vegetables (radishes, carrots . . . )?”; “Have you
eaten or tasted raw meat?”; “Have you been in physical
contact with garden soil without using gloves?” The answer
options to the last 3 questions were “1) never; 2) minimally
(1–2 times over lifetime); 3) rarely (3–5 times over lifetime);
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4) occasionally (6–15 times over lifetime); 5) very often
(16–50 times over lifetime); 6) more than 50 times over
lifetime”. The “cat” category was recorded as an ordinal
variable: “number of cats kept as pets” (1, 2, 3 = 0; 4 = 1;
5 = 2; 6, 7 = 3).

Serological testing for toxoplasmosis

Testing for toxoplasmosis was performed in the National
Reference Laboratory for Toxoplasmosis at the State Health
Institute in Prague by complement fixation test and by the
enzyme-linked immunosorbent assay immunoglobulin (Ig)
G test (TestLine Clinical Diagnostics, Brno-Královo Pole,
Czech Republic). A negative result of both tests indicated
the person was not infected with T. gondii, whereas positive
results of both tests indicated the presence of anamnestic
anti-Toxoplasma antibodies. In the case of high levels of
IgG antibodies, IgM and IgA antibodies assays were also
performed. The presence of high levels of IgM and IgA anti-
bodies indicates acute toxoplasmosis and a recent infection.

Statistical analysis

One couple was excluded from the analysis because of
suspected acute toxoplasmosis in the man. Another 64 cou-
ples with inconclusive test results (i.e., the result of 1 test
was positive, the other negative) were also excluded from the
analysis. Because of a possibility of Toxoplasma infection
from previous partners, we excluded, prior to the analy-
sis of male-to-female transmission, 51 couples in whom a
Toxoplasma-infected woman reported exposure to the risk
of sexually transmitted diseases (e.g., sex without condoms)
with more than 2 people over their lifetime or did not answer
the question. Similarly, before the second analysis of female-
to-male transmission, we excluded 69 couples in whom a
Toxoplasma-infected man reported exposure to the risk of
sexually transmitted diseases (e.g., sex without condoms)
with more than 2 people over their lifetime or did not answer
the question.
The data were analyzed in R, version 3.6.3 (R Founda-

tion for Statistical Computing, Vienna, Austria) (30). The
Wilcoxon test was used to compare age in particular groups.
Contingency tables and logistic regression methods were
used to search for concordance in Toxoplasma-seropositivity
status of partners. In the statistical model, the dependent
variable was the participant’s seropositivity, and indepen-
dent variables were partner’s seropositivity, age of the par-
ticipant, size of town of residence in childhood, number of
cats, ingestion of poorly washed root vegetables, ingestion
of raw meat, and contact with garden soil. The probability
of Toxoplasma infection increases with one’s age, which is
why we also tested the association between seropositivity
of both partners by a partial Kendall correlation with a
woman’s age controlled. We used the prLogistic package
to calculate prevalence ratios (31) and the mice package
to calculate missing values by multiple imputation method
(32). Missing values were calculated if the participant did
not answer 1 question. If more answers were missing (most
answers related to risk factors), the participant was excluded
(1.42% of women and 3.25% of men). All data are available

in the online open-access repository Figshare (doi:10.6084/
m9.figshare.9198008).

RESULTS

Descriptive statistics

The data set contained 684 couples. The proportion of in-
fected women was not significantly higher than the propor-
tion of infectedmen (26% vs. 24.1%;χ2 = 0.658;P = 0.417).
The mean length of the relationship was approximately 6.7
years (minimum,. 4 months; maximum, 24 years).
The first analysis (assessing male-to-female sexual trans-

mission of toxoplasmosis) was conducted with 633 cou-
ples. Women’s mean age (33.2 years; standard deviation
(SD) = 4.7) was lower than the mean age of their male
partners (35.7 years; SD = 5.4; P< 0.001). The mean age of
infected women (33.7 years; SD = 4.3) did not differ from
the mean age of uninfected women (33.0 years; SD = 4.8;
P = 0.119), and the mean age of infected male partners
(36.1 years; SD = 5.4) did not differ from the mean age of
uninfected male partners (35.6 years; SD = 5.4; P = 0.197).
The second analysis, which tested female-to-male sexual

transmission of toxoplasmosis, was conducted with 615
couples. Men’s mean age (35.6 years; SD = 5.4) was higher
than the mean age of their female partners (33.2 years;
SD = 4.8; P < 0.001). The mean age of infected men
(35.7 years; SD = 5.1) did not differ from the mean age of
uninfected men (35.5 years; SD = 5.4; P = 0.651), but the
mean age of infected female partners (33.9 years; SD = 4.4)
was significantly higher than the mean age of uninfected
female partners (32.9 years; SD = 4.9;P = 0.025). Additional
details about the population structure are listed in Table 1.

Study of male-to-female sexual transmission of

toxoplasmosis

Prevalence of toxoplasmosis in womenwith infectedmale
partners (25.6%; n = 156) was compared to toxoplasmosis
prevalence in women with uninfected male partners (18.2%;
n = 477), using contingency tables and the Pearson χ

2 test.
The difference in prevalence between these 2 groups of
women was significant (χ2 = 4.016; df = 1; P = 0.045).
Womenwith infectedmale partners thus were at a higher risk
of toxoplasmosis than those with uninfected male partners
(risk ratio = 1.406; 95% confidence interval: 1.013, 1.951).
Also, the robust, nonparametric, partial Kendall correlation,
with the woman’s age controlled for, indicated a positive
association between seropositivity of both partners (partial
τ = 0.079; P = 0.003).
According to logistic regression, there was a statistically

significant association between women’s seropositivity and
the seropositivity of their male partners, as well as the size
of place of residence in childhood. Other potential factors
we considered (i.e., woman’s age, number of cats, ingestion
of poorly washed root vegetables, ingestion of raw meat,
and contact with garden soil), did not correlate with the
women’s seropositivity. A total of 40 women did not answer
all questions about risk factors in the questionnaire and, as a
result, only 593 women were included in logistic regression

Am J Epidemiol. 2021;190(3):386–392
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Table 1. Distribution of Answers to Selected Questionnaire Questions in Toxoplasma-Positive and Toxoplasma-Negative Men and Women,

Prague, Czech Republic, 2016–2018

Respondents’ Answers

Risk Factors 1 2 3 4 5 6 7

No. % No. % No. % No. % No. % No. % No. %

Childhood residence

TPW 27 22.9 18 15.3 34 28.8 11 9.3 8 6.8 20 17

TNW 57 11.6 71 14.4 148 30 51 10.3 31 6.3 135 27.4

TPM 28 29.8 15 16 20 21.3 11 11.7 4 4.3 16 17

TNM 70 13.8 58 11.4 160 31.6 41 8.1 31 6.1 147 29

Household cats

TPW 51 40.5 16 12.7 23 18.3 24 19.1 11 8.7 0 0 1 0.8

TNW 189 38.2 73 14.8 84 17 100 20.2 32 6.5 8 1.6 9 1.8

TPM 31 32.3 17 17.7 20 20.8 18 18.8 5 5.2 3 3.1 2 2.1

TNM 204 39.8 90 17.6 84 16.4 91 17.8 35 6.8 2 0.4 6 1.2

Root vegetables

TPW 21 16.9 28 22.6 19 15.3 28 22.6 14 11.3 14 11.3

TNW 49 9.8 80 16 109 21.8 146 29.2 58 11.6 58 11.6

TPM 6 6.5 12 12.9 10 10.8 33 35.5 18 19.4 14 15.1

TNM 38 7.6 60 12 74 14.8 135 27 77 15.4 116 23.2

Raw meat

TPW 18 14.6 24 19.5 26 21.1 36 29.3 14 11.4 5 4.1

TNW 81 16.2 82 16.4 86 17.2 151 30.1 73 14.6 28 5.6

TPM 8 8.7 18 19.6 12 13 34 37 15 16.3 5 5.4

TNM 55 10.9 63 12.5 65 12.9 160 31.8 97 19.3 64 12.7

Garden soil

TPW 4 3.3 6 4.9 11 9 31 25.4 32 26.2 38 31.2

TNW 13 2.6 14 2.8 50 10 126 25.2 111 22.2 186 37.2

TPM 1 1.1 2 2.2 2 2.2 11 11.8 28 30.1 49 52.7

TNM 13 2.6 13 2.6 36 7.2 93 18.5 110 21.9 237 47.2

Abbreviations: TNM, Toxoplasma-negative men; TNW, Toxoplasma-negative women; TPM, Toxoplasma-positive men; TPW, Toxoplasma-

positive women.

analysis. However, the results were similar even after cal-
culating the missing values using the multiple imputation
method (n = 624) (Table 2).

Study of female-to-male sexual transmission of

toxoplasmosis

We compared the prevalence of toxoplasmosis in men
with infected (n = 156; prevalence = 17.3%) and uninfected
(n = 459; prevalence = 15%) female partners using contin-
gency tables and Pearson χ

2 test. We found no significant
difference in prevalence between the 2 groups (χ2 = 0.457;
df = 1; P = 0.499). The risk ratio of 1.151 (95% confidence
interval: 0.767, 1.728) indicated no increase in contagion
risk for men with infected female partners. Similarly, partial
Kendall correlation, with the man’s age controlled for, did

not reveal an association between seropositivity of both
partners (partial τ = 0.027; P = 0.318).
Logistic regression likewise revealed no statistically sig-

nificant association between men’s seropositivity and the
seropositivity of their female partners. However, we did
identify 2 factors, namely the size of place of residence in
childhood and contact with garden soil, that correlated with
the seropositivity of men. A total of 42 men did not answer
all questions about the risk factors and, as a result, 573
men were included in this analysis. Again, the results were
similar after calculating the missing values by the multiple
imputation method (n = 595) (Table 3).

DISCUSSION

Our results suggest that some women could get infected
with Toxoplasma transmitted from their male partners. There

Am J Epidemiol. 2021;190(3):386–392
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Table 2. Logistic Regression Results Showing the Associations of Various Factors for Toxoplasma Infection With Women’s Seropositivity,

Prague, Czech Republic, 2016–2018

Risk Factors PR 95% CI P Value P
′ Valuea

Partner’s infection 1.418 0.981, 2.049 0.045 0.063

Woman’s age 1.033 0.987, 1.081 0.072 0.056

Size of place of residence in childhood 0.836 0.748, 0.933 <0.001 <0.001

No. of cats kept as pets 0.842 0.656, 1.081 0.163 0.296

Ingestion of poorly washed root vegetables 0.900 0.792, 1.024 0.100 0.119

Ingestion of raw meat 0.978 0.869, 1.101 0.713 0.970

Contact with garden soil 0.957 0.831, 1.101 0.545 0.600

Abbreviations: CI, confidence interval; PR, prevalence ratio.
a P value after multiple imputation method.

was a 1.4 times higher prevalence of toxoplasmosis in
women in couples with infected male partners than in
couples with uninfected male partners (25.6% vs. 18.2%).
For women, a male partner’s infection is a risk factor,
whereas for men, infection of their female partner is not.
These results support the hypothesis of unidirectional
Toxoplasma transmission between sexual partners and, to
our knowledge, represent the first indirect evidence for
transmission by semen in humans.
Researchers who conducted a recent epidemiologic study

in the Czech Republic reported higher toxoplasmosis preva-
lence in women (34.5%) than inmen (24%) (33). In the same
study, the researchers had also shown that until the age of 19
years, the prevalence of toxoplasmosis in boys and girls is
similar. At approximately 30 years of age, the prevalence is
significantly higher inwomen than inmen. After this age, the
prevalence in men stagnates or decreases, whereas in women
it increases up to 50 years of age. All this evidence is fully
compatible with the proposed existence of a unique (sexual)
transmission route of toxoplasmosis for women, which starts
to have an effect after the commencement of regular sexual
activity.

Women infected during unprotected sexual intercourse
thus could be responsible for the reported increase of preva-
lence of toxoplasmosis. On the other hand, however, when
we looked at our entire data set, including participants
infected with Toxoplasma who reported exposure to the risk
of sexually transmitted diseases with more than 2 people
over their lifetime, we did not see a significantly higher
proportion of infected women (26%) than infected men
(24.1%). This could be due to our atypical sample (i.e., sub-
fertile individuals). A higher prevalence of toxoplasmosis
was observed in subfertile men (34) and subfertile women
(35). The traditional explanation for increasing prevalence of
toxoplasmosis in women after age 20 years is based on their
engagement in cooking rather than regular sexual activity
(23, 36). Nevertheless, our study did not identify raw meat
consumption as a risk factor for infection, and the absence
of a positive association between toxoplasmosis and raw
meat consumption makes this traditional explanation less
probable.
Sexual transmission of toxoplasmosis has been confirmed

in many animal species and is currently considered in
humans (23, 27). Direct testing of sexual transmission in

Table 3. Logistic Regression Results Showing the Associations of Various Factors for Toxoplasma Infection With Men’s Seropositivity, Prague,

Czech Republic, 2016–2018

Risk Factors PR 95% CI P Value P
′ Valuea

Partner’s infection 1.058 0.657, 1.704 0.816 0.984

Man’s age 1.015 0.974, 1.057 0.470 0.464

Size of place of residence in childhood 0.831 0.732, 0.943 0.004 0.002

No. of cats kept as pets 1.108 0.825, 1.471 0.512 0.358

Ingestion of poorly washed root vegetables 0.901 0.768, 1.059 0.204 0.201

Ingestion of raw meat 0.914 0.786, 1.064 0.248 0.126

Contact with garden soil 1.307 1.020, 1.676 0.019 0.013

Abbreviations: CI, confidence interval; PR, prevalence ratio.
a P value after multiple imputation method.
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humans is impossible; thus, only indirect evidence is avail-
able to support the hypothesis of sexual transmission of
toxoplasmosis in humans. Recently, a high prevalence
of toxoplasmosis was observed in fathers of congenitally
infected children. More than 13% of fathers tested up to 1
year after their child’s birth had a high concentration of anti-
Toxoplasma IgG and, thus, probably were infected recently
(28). This finding also suggests that sexual transmission of
toxoplasmosis may occur during the acute or early postacute
phase of the zoonosis. In future studies, it would be crucial
to find out which form of Toxoplasma (tachyzoites or
bradyzoites) is present in the ejaculate of infected men in
the latent and the acute phase of infection.
One could argue that repeated contact with a shared source

of infection resulting from sharing residence, food, and eat-
ing habits could also play a role in the partner’s (co)infection.
Such shared exposure to the usual risk factors, however, can-
not explain why male infection increases the risk of female
infection, but female infection does not increase the risk of
male infection. This pattern can be expected in the transmis-
sion of toxoplasmosis by ejaculate, and no other explanation
readily comes to mind. Our data thus seem to support the
hypothesis of male-to-female transmission of toxoplasmosis
rather than the hypothesis based on common risk factors.

Limitations

Our atypical data sample may seem to be a limitation
when it comes to comparing the prevalence of toxoplasmosis
in general. At a second glance, however, the subfertile indi-
viduals are an ideal sample for testing the hypothesis of sex-
ual transmission, because the sample involves couples who
had been trying to conceive for a long time and, therefore,
had frequent unprotected sex.
We tried to eliminate or statistically control potential

confounding variables (e.g., exclusion of participants who
had been exposed to the risk of sexually transmitted diseases
with >2 people over their lifetime because of the possibility
of Toxoplasma infection from previous partners). However,
the toxoplasmosis status of partners before the formation of
the current couple was beyond our control. Nevertheless, it
should be emphasized that the existence of such confounding
variables could increase the risk of false-negative test results
(i.e., nondetection of existing effects), not false-positive test
results (i.e., detection of nonexistent effects).
The observed effect size for sexual transmission was low

comparedwith the risk posed by other factors such as contact
with garden soil or the consumption of raw meat that was
found in other studies. Again, the small effect size (or small
data sets) increased the risk of false-negative but not false-
positive results.
A cross-sectional study is inherently observational. Direct

evidence for the existence of Toxoplasma transmission by
semen could only be obtained by a manipulative study (i.e.,
by experimental infections). Such studies, of course, cannot
be performed on humans.

Conclusion

Toxoplasmosis is not officially classified as a sexually
transmitted disease. Our results, however, show that men’s

infection increases the risk of a female partner’s infection
approximately 1.4 times. Sexual transmission of toxoplas-
mosis, though rare, could have a serious impact on the
individuals thus affected and thereby also a general impact
on public health. The infection could occur around the time
of conception and result in congenital toxoplasmosis, the
most serious form of the disease, and potential fetal damage.
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Abstract

Background: About a third of people in the world are infected with Toxoplasma gon-

dii. This parasite has been found in the reproductive organs and semen of males of  
many animal species as well as humans. The effects of toxoplasmosis on sperm count, 
motility and morphology were confirmed in rats. A higher prevalence of toxoplas-
mosis has been observed in infertile men. On the other hand, no significant effect 
of infection on semen parameters in men was found in one already published study.
Objectives: To compare the prevalence of toxoplasmosis in men with and without 
semen pathology and to examine in detail the possible impact of infection on semen 
volume, sperm count, motility and morphology.
Materials and methods: The pre-registered cross-sectional study included 669 men 
who visited the Centre for Assisted Reproduction in Prague from June 2016 until June 
2018.

Results:  The incidence of fertility problems was significantly higher in the 163 
Toxoplasma-infected men (48.47%) than in the 506 Toxoplasma-free men (42.29%), 
τ = 0.049, P = 0.029. After correction for multiple tests, we found significantly lower 
sperm concentration, concentration of progressively motile sperm, and concentration 
of non-progressively motile sperm in Toxoplasma-positive men than in Toxoplasma-
negative men using partial Kendall correlation with age controlled. In addition, toxo-
plasmosis correlated with sperm quality in smokers but not in non-smokers.
Discussion and conclusion: Our results suggest that latent toxoplasmosis affects cer-
tain semen parameters (sperm count and motility), but does not seem to affect sperm 
morphology and semen volume. Impairment of semen parameters may be either a 
side effect of the presence of Toxoplasma gondii in male reproductive organs or a 
product of manipulation activity of the parasite aimed to increase the efficiency of 
the sexual route of its transmission. Tobacco smoking also appears to exacerbate the 
negative impact of toxoplasmosis on semen parameters.

K E Y W O R D S

infertility, prevalence, reproduction, semen, sexual transmission, Toxoplasma gondii
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1  |  INTRODUCTION

Infertility is defined as a couple's inability to achieve pregnancy with 
regular unprotected intercourse within one year.1 Approximately 
one third of infertility cases in couples are attributed primarily to 
women, one third to men, and one third to female-male interaction.2 

In up to 50% of infertile men, the cause of infertility remains un-
known.3 Known factors affecting male fertility include age, hormonal 
 imbalance, stress, alcohol consumption and tobacco smoking.4-6 

Other possible causes of lowered sperm quality are a decrease in 
seminal plasma fructose level, which is necessary for normal sperm 
motility,7 and overproduction of reactive oxygen species, which may 
likewise negatively affect sperm quality.8

Toxoplasma gondii is an intracellular parasitic protozoan which in-
fects approximately one third of world's population. It is estimated that 
seroprevalence rates of toxoplasmosis depend on the environmental 
conditions, hygienic standards and eating habits.9,10 In the 1990s, se-
roprevalence in women of childbearing age ranged from 37% to 58% 
in Central European countries, Poland, Croatia, Slovenia, Australia and 
northern Africa. Lower seroprevalence has been reported in Southeast 
Asia, China and Korea, as well as in countries with cold climates, such 
as in the Scandinavian region (4%–39%). Seroprevalence was higher in 
West African (54%–77%) and several Latin American (51%–72%) coun-
tries.9 The prevalence in the male population of the Czech Republic 
tested between 2000 and 2004 was 23%.11 In that study, Toxoplasma 

infection was significantly associated with raw meat consumption, gar-
dening, current life in a small village and the location of the childhood 
residence in a small village.

The definitive host of Toxoplasma is felines, while its intermedi-
ate hosts can be various warm-blooded animals, including humans. 
The acute phase of toxoplasmosis is accompanied by symptoms 
similar to viral or bacterial infection. During this phase, tachyzoites 
rapidly multiply in the cells of various body tissues, including blood. 
In immunocompetent individuals, this acute phase spontaneously 
evolves into a latent phase, during which bradyzoites, another form 
of the parasite, slowly proliferate within host cells in the form of tis-
sue cysts.9 Aside from that, oocysts form in the small intestine of the 
definitive host, usually cats, and are released with faeces into the 
environment.12 Common sources of infection include food or water 
contaminated by cat faeces containing oocysts and consumption 
of tissue cysts in raw or undercooked meat of intermediate hosts.9 

There is currently no effective treatment for the latent form of toxo-
plasmosis. Only pregnant women are treated for acute infections, 
which causes an accelerated transition from the acute to the latent 
phase of the infection to prevent infection of the foetus.13

Toxoplasma persists in hosts for the rest of their lives in the form 
of bradyzoites in tissue cysts, which can be located in the central 
nervous system, eyes, skeletal and cardiac muscles, but also lungs, 
liver or kidneys.9 Toxoplasma has also been found in the reproduc-
tive organs and in the semen. For instance, Toxoplasma DNA has 
been found in the semen of male rabbits14 and male goats,15 while 
Toxoplasma cysts have been observed in the epididymis and semen 
of male rats16 and in the testes of male mice.17 Tachyzoites have 

been found in the semen as well as testicular and epididymis samples 
of dogs with acute toxoplasmosis18 and Toxoplasma was found in the 
testes, seminal vesicles and semen samples of bovines19 as well as in 
the epididymis and seminal vesicles of pigs.20

In rats, a negative impact of toxoplasmosis on sperm count, mo-
tility and morphology was observed up to 70 days after infection. 
Infected rats moreover had decreased fructose levels in the seminal 
vesicles and lower testosterone levels.21,22 Lower sperm counts and 
higher rate of abnormalities in sperm morphology were also found 
in infected male mice four weeks after infection, but no changes in 
sperm motility or the weight of testes were observed.17 No changes 
in sperm parameters in connection with Toxoplasma infection were 
found in sheep, but various histopathological changes were observed 
in the testes, prostate and seminal vesicles of infected rams.23

Toxoplasma has also been found in the reproductive organs of 
men and several studies report that it affects male fertility. Haskell 
et al.24 found tachyzoites of Toxoplasma gondii in the testes of an 
HIV-positive man and Wong et al.25 found cysts with bradyzoites 
in the testes of an immunocompetent man. Moreover, it has been 
observed that there is a significantly higher prevalence of toxo-
plasmosis in infertile couples (34.83%) compared to fertile couples 
(12.11%) and a higher level of anti-sperm antibodies was observed 
in Toxoplasma-infected men than in men free of this parasite.26 The 
presence of anti-sperm antibodies in the semen significantly reduces 
sperm motility and concentration.27 Another study, conducted on 
Chinese men, also confirmed a higher prevalence of toxoplasmo-
sis in infertile men, namely 36%, while its prevalence in fertile men 
was only 11%.28 Several studies made links between male genital 
damage and testicular toxoplasmosis,29 testicular inflammation,24,30 

and hypogonadotropic hypogonadism caused by congenital 
toxoplasmosis.31

All in all, available evidence suggests that toxoplasmosis in men 
could be associated with infertility. On the other hand, a pilot study 
conducted in 60 men (15 Toxoplasma-positive) found no  significant 
effect of Toxoplasma infection on sperm parameters, in particu-
lar semen volume and sperm count, motility and morphology.32 

Nonetheless, further indirect evidence to the effect that toxoplas-
mosis has a negative impact on male fertility comes from a study 
where the authors found that 77 Toxoplasma-positive men had fewer 
children than 343 Toxoplasma-negative men.33

The aim of our research was to compare the prevalence of toxo-
plasmosis in men with and without semen pathology and to inves-
tigate the possible effect of Toxoplasma infection on semen volume 
and sperm count, motility and morphology.

2  | MATERIALS AND METHODS

2.1  |  Study design and participants

Data collection was conducted in the form of a prospective cross-
sectional study from June 2016 until June 2018 in collaboration 
with the Centre for Assisted Reproduction (CAR) at the Department 
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of Obstetrics and Gynaecology of the First Faculty of Medicine of 
Charles University and General University Hospital in Prague. This 
study initially involved 758 men who visited the CAR with their part-
ner for fertility problems. Informed consent was obtained from all 
participants. Blood samples for serological testing for toxoplasmosis 
were taken during a routine examination. Semen samples were pro-
cessed and examined at the CAR laboratory according to the WHO 
protocol.34

A total of 89 men were excluded from the study: One man had 
acute toxoplasmosis. Another 26 men had inconclusive test results 
for toxoplasmosis (in most cases, complement fixation test result 
was positive, while the ELISA was negative). In another 62 men, ei-
ther blood tests or semen analysis were missing.

Participants completed a questionnaire that included the fol-
lowing question: "Do you smoke cigarettes? (a) I do not smoke; (b) 
occasionally; (c) 1–5 cigarettes a day; (d) 6–10 cigarettes a day; 
(e) more than 10 cigarettes a day". In the exploratory part of the 
study, 72 men who answered that they smoked occasionally and 
44 men who did not answer the question were excluded. For sta-
tistical analysis, a group of non-smokers (who answered that they 
do not smoke) and a group of smokers (who selected answers 3–5) 
were created.

This research was approved by the Ethics Committee of 
General University Hospital in Prague (No. 384/16; 92/17) and 
by the Institutional Review Board of Faculty of Science, Charles 
University (No. 2015/29). The confirmatory part of the study, 
including stopping rules and hypotheses to be tested, was pre-  
registered on the OSF, https://osf.io/974wc. For the Differences 
between pre-registered and realized protocol, see the chapter 4.1. 
in the Discussion.

2.2  |  Serological testing for toxoplasmosis

Testing for toxoplasmosis was performed in the National 
Reference Laboratory for Toxoplasmosis at the National Institute 
of Public Health in Prague by a complement fixation test and the 
ELISA (TestLine Clinical Diagnostics, Brno). Negative results of 
both tests indicated that a person is not infected with Toxoplasma, 
while positive results of both tests indicated the presence of an-
amnestic anti-Toxoplasma antibodies and therefore a high likeli-
hood of latent toxoplasmosis. Subjects with discordant test results 
(one positive, one negative) were excluded from the study. In the 
case of high levels of IgG antibodies, IgM and IgA antibodies as-
says were also performed, because high levels of these antibodies 
indicate acute toxoplasmosis, meaning the person was probably 
infected recently.

2.3  |  Semen analysis

Semen analysis is a basic examination for the assessment of male 
fertility. It includes an evaluation of semen volume, pH, sperm 

concentration (sperm count in 1 mL), concentration of progressively 
motile sperm (number of progressively motile sperm in 1 mL), con-
centration of non-progressively motile sperm (number of non-pro-
gressively motile sperm in 1 mL), concentration of immotile sperm 
(number of immotile sperm in 1 mL), and the percentage of normally 
formed sperm. In the present study, we used the terminology re-
lated to semen quality and lower reference limits that was set by the 
WHO34: Less than 15 million spermatozoa per mL or under 39 million 
spermatozoa per ejaculate was called oligozoospermia (low sperm 
count). Sperm motility was graded as (a) progressive motility: sperm 
moving actively, either in a linear fashion or in a large circle, (b) non-
progressive motility: absence of progression, for instance by swim-
ming in small circles or due to flagellar force hardly pushing the head, 
(c) immotility: no movement. Pathology characterized by less than 
32% of progressive motility or less than 40% of total motility (both 
progressive and non-progressive) was called asthenozoospermia. 
In analysing sperm morphology, if less than 4% of the sperms had 
normal form, the pathology was named teratozoospermia. The three 
basic pathologies listed above, that is oligozoospermia, asthenozoo-
spermia and teratozoospermia, can all combine depending on which 
of the parameters fall below WHO reference levels. A combination 
of all three disorders was called oligoasthenoteratozoospermia. 
Ejaculate may also contain either no sperm (azoospermia) or no live 
sperm (necrozoospermia). Absence of any pathologies with respect 
to semen and sperm quality was called normozoospermia. We calcu-
lated total sperm count by multiplying the semen volume and sperm 
concentration, while sperm quality was determined by the propor-
tion of progressively motile sperm in all other kinds of sperm.

2.4  |  Statistical analysis

The data were analysed in statistical program R, version 3.5.1.35 

Non-parametric tests were used for all analyses because many 
variables did not have a normal distribution and, moreover, non-  
parametric tests reduce the impact of outliers. The Wilcoxon test 
was used to compare age among groups of men. We detected a 
strong correlation between age and many focal variables. This is 
why, using the R package ppcor,36 a partial Kendall correlation con-
trolled for age was used to compare the prevalence of toxoplasmosis 
in different groups of men and to analyse the relationship between 
toxoplasmosis and semen parameters. A correction for multiple 
tests was done using the Benjamini-Hochberg procedure with false 
discovery rate pre-set to 0.1.37 This method takes into account the 
distribution of P values of all tests, so that even a P value higher than 
0.05 before the correction can prove significant after the correction 
if the results of several or even many tests approach this threshold. 
The method moreover allowed us to define the fraction of false- 
positive tests (eg 10%) we were prepared to tolerate. In accordance 
with pre-registration, we used one-sided tests because a negative 
association between toxoplasmosis and fertility was expected. All 
data are available in an online open-access repository Figshare63 

(https://doi.org/10.6084/m9.figsh are.12213 749.v2).
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3  |  RESULTS

3.1  |  Confirmatory analyses

The final sample included 669 men with an average age of 
35.7 years (SD = 5.5) ranging from 21 to 58 years, of whom 163 
were Toxoplasma-positive (24.36%). The mean age of infected men 
(36.3; SD = 5.5) did not significantly differ from the mean age of 
uninfected men (35.5; SD = 5.5; P = 0.058), but the difference was 
close to statistical significance. The mean age of men with pathology 
in semen (36.1; SD = 5.5) was higher than the mean age of men with 
normozoospermia (35.4; SD = 5.5; P = 0.019).

The prevalence of toxoplasmosis was 26.96% in men with semen 
pathologies (n = 293) and 22.34% in men with normozoospermia 
(n = 376). A partial Kendall correlation controlled for age was used for 
all following analyses. Binary variables toxoplasmosis and pathology in 
semen significantly correlated (τ = 0.049; P = 0.029; one-sided test). 
Adverse results of semen analyses were found in 48.47% of infected 
men (n = 163) and 42.29% of non-infected men (n = 506). Table 1 
shows men divided in groups according to the type of disorder, while 
Table 2 shows the proportion of men according to the results of semen 
examination. There was a significant difference between toxoplas-
mosis prevalence in men with normozoospermia and toxoplasmosis 
prevalence in men with particular disorders, namely oligozoospermia, 
asthenozoospermia and teratozoospermia (Table 1).

We found correlations between toxoplasmosis and total sperm 
count (τ = −0.039; P = 0.068) and sperm quality (τ = −0.042; 
P = 0.050); these two correlations turned significant after a correc-
tion for multiple tests with the Benjamini-Hochberg method with a 
false discovery rate pre-set to 0.1.

Follow-up analyses were performed to investigate the specific 
effects of latent toxoplasmosis on semen parameters. We anal-
ysed associations between toxoplasmosis and particular semen 
 parameters, namely semen volume, sperm concentration, concen-
tration of progressively motile sperm, concentration of non-pro-
gressively motile sperm, concentration of immotile sperm and 
percentage of sperm with normal form. Significant correlations 
between toxoplasmosis and sperm concentration, concentration of 
progressively motile sperm and concentration of non-progressively 
motile sperm were found (Figure 1, Table 3).

3.2  |  Exploratory analyses

The final sample included 174 smokers and 379 non-smokers. The 
mean age of smokers (35.3; SD = 6.1) did not significantly differ from 
the mean age of non-smokers (36.1; SD = 5.5; P = 0.126). The per-
centage of smokers (32.8% vs. 30.36%) did not differ between 250 
men with semen pathologies and 303 men with normozoospermia 
(χ2 = 0.377; P = 0.539) using contingency tables and the Pearson 
chi-square test. No significant correlation between smoking and 
semen parameters was found by partial Kendall correlation with age 
controlled for.

The prevalence of toxoplasmosis did not differ between smok-
ers (25.29%) and non-smokers (24.01%; χ2 = 0.105; P = 0.746) 
using contingency tables and the Pearson chi-square test. A par-
tial Kendall correlation controlled for age was used for all following 
analyses, separately in smokers and non-smokers. Binary variables 
toxoplasmosis and pathology in semen significantly correlated in 
smokers (τ = 0.138; P = 0.007) and non-significantly correlated in 
non- smokers (τ = 0.013; P = 0.711). Adverse results of semen analy-
ses were found in 59.09% of Toxoplasma-infected smokers (n = 44), 
46.15% of Toxoplasma-infected non-smokers (n = 91), 43.08% 

TA B L E  1  Prevalence of toxoplasmosis (shown in parenthesis) in 
groups of men according to the type of disorder

Diagnosis n

Toxoplasma-

positive

Partial 

Kendall τ P

All

Normozoospermia 376 84 (22.34%)

Oligozoospermia 210 60 (28.44%) 0.064 0.010

Asthenozoospermia 104 31 (29.81%) 0.066 0.015

Teratozoospermia 226 64 (28.32%) 0.061 0.013

Smokers

Normozoospermia 92 18 (19.57%)

Oligozoospermia 59 18 (30.51%) 0.124 0.024

Asthenozoospermia 26 10 (38.46%) 0.184 0.003

Teratozoospermia 62 23 (37.10%) 0.191 <0.001

Non-smokers

Normozoospermia 211 49 (23.22%)

Oligozoospermia 126 35 (27.78%) 0.043 0.237

Asthenozoospermia 62 15 (24.19%) −0.004 0.931

Teratozoospermia 130 32 (24.62%) 0.005 0.886

The table shows results for group of all men and also for two subgroups 
of smokers and non-smokers. Men who had more than one semen 
pathology appear in two or three groups at the same time. Associations 
between toxoplasmosis in men with normozoospermia and men with 
oligozoospermia, asthenozoospermia and teratozoospermia were 
analysed using partial Kendall correlation with age controlled for.

TA B L E  2  Prevalence of toxoplasmosis (shown in parenthesis) in 
groups of men according to the results of semen examination

n

Toxoplasma-

positive

Normozoospermia 376 84 (22.34%)

Asthenozoospermia 15 3 (20.00%)

Oligozoospermia 36 6 (16.67%)

Teratozoospermia 35 5 (14.71%)

Asthenoteratozoospermia 22 8 (36.36%)

Oligoteratozoospermia 107 34 (31.48%)

Oligoasthenozoospermia 5 3 (60.00%)

Oligoasthenoteratozoospermia 62 17 (27.42%)

Azoospermia 10 3 (30.00%)

Necrozoospermia 1 0 (0.00%)
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of non-infected smokers (n = 130) and 43.75% of non- infected 
non-smokers (n = 288). There was a significant difference between 
toxoplasmosis prevalence in men with normozoospermia and toxo-
plasmosis prevalence in men with particular disorders, namely 
oligozoospermia (P = 0.024), asthenozoospermia (P = 0.003) and ter-
atozoospermia (P < 0.001) in smokers, but not in non-smokers (for 
more details see Table 1).

We found a significant correlation between toxoplasmo-
sis and sperm quality in smokers (τ = −0.150; P = 0.003), but not 
in non-smokers (τ = 0.014; P = 0.688). No significant correlations 
 existed between toxoplasmosis and total sperm count in smokers  
(τ = 0.040; P = 0.436) and non-smokers (τ = −0.061; P = 0.078). Also, 
no significant correlations between toxoplasmosis and particular 
semen parameters were found after a correction for multiple tests 
with the Benjamini-Hochberg method (Table 3).

4  | DISCUSSION

In our study, the prevalence of toxoplasmosis was 24.36%. The 
 observed number of Toxoplasma-positive men corresponds to the 
prevalence (23%) in Czech men tested between 2000 and 2004.11 

The present study found a higher prevalence of toxoplasmosis 
in men with semen pathology or pathologies than in men without 
such pathologies. A more detailed analysis of specific pathologies 

revealed a higher prevalence of toxoplasmosis in men with low 
sperm count, low sperm motility and in men with a low percentage 
of normally formed sperm than in men without fertility problems. 
Our results are consistent with those of Qi et al.28 In their study 
performed on 200 men, the authors found a higher prevalence of 
toxoplasmosis in infertile men.

In 2015, a study with a relatively small sample conducted on 
60 men (15 Toxoplasma-positive) found no significant effect of 
Toxoplasma on semen volume, sperm count, motility or morphology, 
but this result may well be due to small sample size and the absence 
of control over confounding age variable. In the sample, 6 of the 15 
Toxoplasma-positive men (40%) and 14 of the 45 Toxoplasma-negative 
men (31.11%) exhibited a modified spermiogram.32 Based on the re-
sults of power analyses, the authors estimated that 994 subjects 
would be needed to demonstrate the effect of latent toxoplasmosis 
on semen parameters. On the other hand, we have shown that our 
sample size (669 men) is sufficient once subjects’ age is controlled for.

As summarized in a recent review,38 infections of the reproduc-
tive tract contribute to important causes of impaired fertility in men. 
Higher levels of pro-inflammatory cytokines in the male reproductive 
tract during inflammation are highly detrimental to sperm production. 
Moreover, inflammation is associated with oxidative stress, which im-
pairs sperm function. Toxoplasma has been found in the reproductive 
organs and semen of several species of animals.16-20 The authors of case 
reports also found tachyzoites and bradyzoites of Toxoplasma gondii 

F IGURE  1 Semen parameters in 506 Toxoplasma-negative and 163 Toxoplasma-positive men. This figure shows the mean and standard 
error of the mean of sperm concentration, concentration of progressively motile sperm and concentration of non-progressively motile 
sperm. Concentration denotes sperm count in 1 mL
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in the testes of men.24,25 Infection with this  parasite is  accompanied 
by a Th1 immune response characterized by  overproduction of 
 pro-inflammatory cytokines. Cytokine-activated macrophages that 
produce reactive oxygen species play an  important role in host defence 
against Toxoplasma.39 Excessive production of reactive oxygen species 
can,  however,  adversely affect sperm  quality,8 and indeed, up to 80% 
of infertile patients have elevated levels of reactive oxygen species in 
their semen samples.40 It should be stressed that the abovementioned 
changes in the  reproductive tract are present during the acute phase 
of Toxoplasma infection. It is yet to be seen whether and how long they 
persist during the  latent stage, but it has been observed in mice with 
latent  toxoplasmosis that local inflammatory sites are present in brain, 

another immune-privileged organ.41 It is assumed that toxoplasmosis is 
maintained in a latent form by continuous activity of the host immune 
system.42

Excessive production of reactive oxygen species reduces the 
 levels of male sex hormones that regulate testicular function, coor-
dinate testosterone synthesis, and maintain normal spermatogene-
sis, sperm health, and density.43 In accordance, a case-control study 
has shown that the serum concentration of testosterone in 365 men 
with latent toxoplasmosis was significantly lower than in Toxoplasma-
negative men.44 Similarly, Kaňková et al.45 have shown that 
Toxoplasma infection causes a decrease in serum testosterone con-
centration in male mice two months after acute Toxoplasma  infection. 
However, studies of testosterone levels in Toxoplasma-infected sub-
jects appear to depend on the duration of infection and the type of 
measured testosterone. Contrary to previously, it has been reported 
that salivary testosterone concentration in Toxoplasma-positive men 
was significantly higher than in Toxoplasma-negative men.46 Some 

authors observed indirect evidence of increased testosterone levels 
in 20 and 18 Toxoplasma-infected young men (undergraduate biology 
students) compared to 66 and 71 Toxoplasma-free controls, respec-
tively.47,48 Lim et al.49 also found higher testicular testosterone levels 
in Toxoplasma-positive rats measured between six and eight weeks 
after infection in a laboratory. In summary, Toxoplasma gondii could 

affect male reproductive function through changes in testosterone 
levels, however, more studies are needed to describe the exact phys-
iological pathway.

Reduced fertility in Toxoplasma-positive men may be related to 
the sexual transmission of Toxoplasma gondii. This transmission route 
has been confirmed in rats,16 sheep,50 goats,51 dogs18 and rabbits.52 

Hypotheses of the existence of Toxoplasma transmission during 
 sexual intercourse53 and oral sex54 in humans have been proposed 
recently. So far, however, these two hypotheses are supported only 
by indirect evidence. A high prevalence of toxoplasmosis has been ob-
served in men who have sex with men,55 sex workers56 and  fathers of 
 congenitally infected children.57 In 2020, an analysis of toxoplasmosis 
in couples was performed, revealing that one of the risk factors for 
women, but not for men, is an infected sexual partner.58 Impairment 
of male semen parameters may be either a side effect of Toxoplasma 

reproduction in the body of the host, especially its  immune-privileged 
reproduction organs, or a result of parasite- specific manipulation 
activity aimed at increasing the probability of transmission from an 
intermediate to a definitive host.59 Infected men's reduced ability 
to conceive a child might thus lead to a higher frequency of sex-
ual intercourse, and therefore also to an increased rate of sexual 
 transmission of the parasite. It is, however, unclear whether such 
 manipulative  activity is at work only in modern human society or also 
in Toxoplasma's natural intermediate hosts, rodents. On the other 
hand, the higher observed attractiveness16 and phenotypic changes 
in male rats  analogical to those observed in infected men, namely 
higher  visual dominance48 and stature of infected male students taller 
by 3 cm than that of controls,47 could indeed effectively increase the 
number of sexual partners, frequency of sex, and therefore also the 
effectiveness of sexual transmission of Toxoplasma in any species.

TA B L E  3  Partial Kendall correlation between toxoplasmosis and 
semen parameters after age filtering in groups of all men and also in 
two subgroups of smokers and non-smokers

Partial Kendall τ P value

All (n = 669)

semen volume ~toxoplasmosis −0.007 0.395a 

sperm concentration ~toxoplasmosis −0.053 0.020a,b 

concentration of progressively motile 
sperm ~toxoplasmosis

−0.053 0.020a,b 

concentration of non-progressively 
motile sperm ~toxoplasmosis

−0.044 0.045a,b 

concentration of immotile sperm 
~toxoplasmosis

−0.038 0.146

percentage of sperms with normal 
form ~toxoplasmosis

−0.029 0.135a 

Smokers (n = 174)

semen volume ~toxoplasmosis 0.101 0.049

sperm concentration ~toxoplasmosis −0.081 0.116

concentration of progressively motile 
sperm ~toxoplasmosis

−0.103 0.043

concentration of non-progressively 
motile sperm ~toxoplasmosis

−0.043 0.397

concentration of immotile sperm 
~toxoplasmosis

−0.036 0.477

percentage of sperms with normal 
form ~toxoplasmosis

−0.086 0.092

Non-smokers (n = 379)

semen volume ~toxoplasmosis −0.069 0.047

sperm concentration ~toxoplasmosis −0.056 0.103

concentration of progressively motile 
sperm ~toxoplasmosis

−0.046 0.183

concentration of non-progressively 
motile sperm ~toxoplasmosis

−0.075 0.030

concentration of immotile sperm 
~toxoplasmosis

−0.046 0.181

percentage of sperms with normal 
form ~toxoplasmosis

−0.026 0.513

aOne-sided P values. 
bResults that remained significant after the correction for multiple 
tests. 
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In our study, the effect of toxoplasmosis on semen parameters 
was more significant than the effect of smoking. No significant as-
sociation was found between tobacco smoking and individual semen 
parameters. These results are in contrast to studies where tobacco 
smoking was found to have a negative effect on sperm quality.60,61 

However, these two studies on tobacco smoking have been per-
formed on large numbers of men (2542 and 2105). In our study, a 
higher prevalence of toxoplasmosis was found in men with sperm 
pathology compared to the prevalence in men without pathology, 
but only in smokers. Similarly, only in smokers, there was a higher 
prevalence in groups of men with individual types of disorders com-
pared to the prevalence in men without pathology in sperm. Most 
men with sperm pathology were among smokers with toxoplasmosis 
and the least among smokers without toxoplasmosis. Toxoplasmosis 
correlated with sperm quality only in smokers, not in non-smokers. 
Probably due to the relatively small sample, no correlation was ob-
served between toxoplasmosis and individual semen parameters in 
smokers and non-smokers. The results of this study suggest that 
the combined effects of toxoplasmosis and tobacco smoking could 
 exacerbate the negative impact on sperm parameters.

4.1  | Differences between pre-registered and 
realized protocol

Initially, we wanted to average the semen parameters where a pa-
tient had multiple examinations. In the end, however, based on the 
analysis of 355 men who underwent more than one semen exami-
nation during their treatment, we decided to use only the results 
from the first semen collection during the first visit to the Centre for 
Assisted Reproduction. This was because examination of the data 
revealed statistically significant differences in sperm concentration 
(P < 0.001), concentration of progressively motile sperm (P = 0.002) 

and concentration of immotile sperm (P < 0.001) when comparing 
semen parameters from the first examination with averaged semen 
parameters using a paired Wilcoxon test. It suggests that the results 
of subsequent examinations may have been affected by medical in-
tervention (medication and vitamins), which men with unfavourable 
sperm test results had undergone.

4.2  |  Limitations and strengths of the study

The effect of latent toxoplasmosis on specific fertility parameters 
in males has so far been studied in detail only in non-human ani-
mals. Leaving aside a pilot study conducted on a small sample of 
men, this study is one of the first to demonstrate a negative ef-
fect of latent toxoplasmosis on sperm count and motility in men. 
But even here, association does not necessarily imply causality. 
Subfertility is not very likely to increase the risk of infection, but 
it is possible that some further factors, such as immune deficiency 
or lifestyle, could increase both the risk of infection and the risk 
of subfertility.

5  |  CONCLUSIONS

Results of our pre-registered prospective study indicate that latent 
toxoplasmosis selectively affects some fertility parameters, namely 
sperm count and motility, but not sperm morphology and semen 
 volume. The effects were stronger for the subpopulation of smokers. 
Generally speaking, the underlying causes of infertility are difficult to 
determine because many genetic and environmental factors and their 
interactions could be co-responsible. Some of these factors could also 
independently affect the risk of Toxoplasma infection. This makes it 
difficult, if not impossible, to unravel the complex mechanism of infer-
tility using observational studies performed on humans. On the other 
hand, latent toxoplasmosis affects about one third of the world's 
population. Therefore, its effects on human reproduction, although 
sometimes small on the level of individuals, could be important on the 
level of the large populations.62 The results of our observational study 
suggest that more attention should be paid to the study of the effects 
of latent toxoplasmosis on male reproductive functions in the future.
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Citation: Hlaváčová, J.; Flegr, J.;

Fiurašková, K.; Kaňková, Š.
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Abstract: Latent infection of the globally spread parasite Toxoplasma gondii in humans has been
associated with changes in personality and behavior. Numerous studies have investigated the effect
of toxoplasmosis on depression, but their results are inconsistent. Our study focused on the effect of
latent toxoplasmosis on depression in men and women in association with their fertility. In 2016–2018,
we recruited clients (677 men and 664 women) of the Center for Assisted Reproduction and asked
them to complete a standardized Beck Depression Inventory-II. In women without fertility problems,
we found higher depression scores in Toxoplasma-positive than in Toxoplasma-negative (p = 0.010,
Cohen’s d = 0.48). Toxoplasma-positive infertile men, on the other hand, had lower depression scores
than Toxoplasma-negative infertile men (p ≤ 0.001, Cohen’s d = 0.48). Our results are consistent with
the previously described effects of latent toxoplasmosis, which seem to go in opposite directions
regarding the effect on personality and behavior of men and women. Our results could be explained
by gender-contrasting reactions to chronic stress associated with lifelong infection. This suggests
that due to gender differences in the impact of latent toxoplasmosis, future studies ought to perform
separate analyses for women and men.

Keywords: Toxoplasma gondii; fertility; depression score; Beck Depression Inventory

1. Introduction

Toxoplasmosis is a disease caused by the intracellular parasite Toxoplasma gondii
(T. gondii). Its prevalence in the human population ranges between 20–80% depending
on age, cultural habits, and environmental factors [1]. T. gondii’s definitive hosts are
felines, from whose small intestine oocysts of the parasite are released into the environment
together with feces. Intermediate hosts of the parasite can be any warm-blooded animal,
including humans [2]. Possible sources of postnatally acquired human infection include
raw or undercooked meat containing parasite cysts, or food and water contaminated
with oocysts from feline excrements [1]. In humans, postnatally acquired toxoplasmosis
manifests itself in two clinically distinct phases. The acute phase is characterized by a rapid
proliferation of tachyzoites in various cells of the host’s body. Symptoms of this phase
resemble those of a viral or bacterial infection and in immunocompetent individuals, this
phase spontaneously transitions to a latent stage during which bradyzoites slowly multiply
in tissue cysts [1]. Tissue cysts can occur in the central nervous system, skeletal and cardiac
muscles, lungs, liver, kidneys, or reproductive organs [3,4]. In infected individuals, the
infection persists for the rest of their lives.

It has long been known that latent infection caused by this neurotropic pathogen is
associated with specific effects on human personality [5,6] and behavior [7–10]. Several
studies have investigated the impact of latent toxoplasmosis on depression, but their results
are inconsistent. For instance, Kamal et al. [11] found that Toxoplasma-positive psychiatric
patients had depression scores (measured using the Beck Depression Inventory, BDI) that
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were significantly higher than Toxoplasma-negative psychiatric patients. A case-control
seroprevalence study [12] and a cross-sectional study [13] showed that psychiatric patients
suffering from depression have a significantly higher seroprevalence of toxoplasmosis than
control subjects without depression, while another study showed associations between
toxoplasmosis and depressive symptoms in female veterans [14] and pregnant women [15].
In a representative study of the Finnish population [16], researchers found higher BDI
scores in Toxoplasma-positive women than in Toxoplasma-negative women.

On the other hand, a cross-sectional study performed on a nonclinical Czech popula-
tion found that infected men seem to be protected from unipolar depression [17], while the
Third US National Health and Nutrition Survey found no association between T. gondii sero-
prevalence and a history of major depression [18]. A meta-analysis of 29 studies showed
that toxoplasmosis should not be considered a risk factor for patients with depression [19]
and a meta-analysis of 50 studies found no significant association between anti-Toxoplasma
antibodies and major depression [20]. Similarly, an ecological study found no association
between toxoplasmosis and major depression [21].

Depression and anxiety are known to be associated with infertility [22]. Infertility is
defined as a couple’s inability to become pregnant after twelve or more months of regular
unprotected sex [23]. Approximately one-third of infertility cases in couples are attributed
primarily to women, one-third to men, and the remaining one-third to the woman-man
interaction, of which 20% are unexplained [24]. A meta-analysis showed higher depression
and anxiety scores in infertile couples than fertile ones [25] and elevated infertility-related
stress has been observed more in women than in men [26]. Infertile women also reported
higher levels of depression when compared with infertile men [27].

The inability to naturally conceive is a common problem for many couples. Latent
toxoplasmosis appears to be one of the causes of fertility disorders in humans. In a
questionnaire study by Kaňková et al. [28], infected women reported that it took them
significantly longer to conceive, to become pregnant at an older age, and experienced
more fertility problems overall than uninfected women did. Toxoplasma-positive women
are thus more likely to require artificial insemination than Toxoplasma-negative women.
In fact, a higher prevalence of toxoplasmosis has been observed in infertile women than
in healthy pregnant women [29,30], in infertile couples than in fertile ones [31], and in
infertile men than in fertile ones [32]. Moreover, Toxoplasma-positive men had a higher
level of anti-sperm antibodies than Toxoplasma-negative men did [31]. Hlaváčová et al. [33]
found a significantly higher incidence of fertility problems in Toxoplasma-positive than in
Toxoplasma-negative men. They also showed that latent toxoplasmosis negatively affects
sperm count and motility.

Although the adverse effects of latent toxoplasmosis on human fertility and fertility
problems related to depressive symptoms have been repeatedly observed, no study has
ever tested the association between latent toxoplasmosis, fertility, and depression. The aim
of this study is thus to analyze the effect of latent toxoplasmosis on depression in men and
women in relation to their fertility.

2. Results
2.1. Characteristics of Sample

The final dataset contained 664 women with a mean age of 33.3 years (SD = 4.8),
of whom 172 (25.9%) were Toxoplasma-positive. The mean age of infected women was
higher than the mean age of uninfected women (p = 0.027; Table 1). We found no differences
in the size of place of residence, level of education, smoking, or prevalence of fertility
disorders between Toxoplasma-positive and Toxoplasma-negative women (see Table 1 for
more details on sample characteristics).



Pathogens 2021, 10, 1052 3 of 11

Table 1. Characteristics of women and men samples depending on toxoplasmosis.

Women Men
toxo-neg. toxo-pos. toxo-neg. toxo-pos.
N = 492 N = 172 N = 513 N = 164

Mean age (SD) 33.0 (4.9) 34.0 (4.3) 35.5 (5.4) 36.1 (5.4)

Size of place of residence (no. of inhabitants)
Up to 1000; N (%) 64 (13.3) 27 (16.1) 79 (15.6) 35 (21.6)
1000–5000; N (%) 69 (14.3) 22 (13.1) 59 (11.7) 19 (11.7)

5000–50,000; N (%) 104 (21.6) 36 (21.4) 107 (21.2) 31 (19.1)
50,000–100,000; N (%) 24 (5.0) 7 (4.2) 19 (3.8) 10 (6.2)
100,000–500,000; N (%) 13 (2.7) 1 (0.6) 7 (1.4) 8 (4.9)

Over 500,000; N (%) 208 (43.2) 75 (44.6) 234 (46.3) 59 (36.4)
Missing data 10 4 8 2

Level of education
Highschool without graduation or lower; N (%) 63 (13.0) 26 (15.2) 111 (21.8) 43 (26.9)

Highschool with graduation; N (%) 187 (38.7) 65 (38.0) 196 (38.4) 67 (41.9)
University; N (%) 233 (48.2) 80 (46.8) 203 (39.8) 50 (31.3)

Missing data 9 1 3 4

Smoking
No; N (%) 324 (76.8) 121 (77.6) 301 (70.5) 94 (69.1)
Yes; N (%) 98 (23.2) 35 (22.4) 126 (29.5) 42 (30.9)

Missing data 70 16 86 28

Fertility disorder
No; N (%) 108 (32.0) 38 (31.7) 276 (58.1) 80 (51.3)
Yes; N (%) 229 (68.0) 82 (68.3) 199 (41.9) 76 (48.7)

Missing data 155 52 38 8

The dataset also contained 677 men with mean age of 35.6 years (SD = 5.4), of whom
164 (24.2%) were Toxoplasma-positive. The mean age of infected men did not differ from the
mean age of uninfected men (p = 0.116; Table 1). We found that Toxoplasma-positive men
were significantly more likely to reside in a place with fewer inhabitants than Toxoplasma-
negative men were (χ2 = 14.1, p = 0.015). We found no differences in level of education,
smoking, or prevalence of fertility disorders between Toxoplasma-positive and Toxoplasma-
negative men. (For further details of sample characteristics, see Table 1).

The prevalence of toxoplasmosis in women (25.9%) did not significantly differ from
the prevalence of toxoplasmosis in men (24.2%, χ2 = 0.503, p = 0.478). The BDI-II score was
significantly higher in women than in men (Tau = −0.081, p ≤ 0.001, Cohen’s d = 0.25), in
fertile women than fertile men (Tau = −0.072, p = 0.016, Cohen’s d = 0.22), and in infertile
women than in infertile men (Tau = −0.099, p < 0.001, Cohen’s d = 0.32).

2.2. A Study of Depression in Women

Partial Kendall correlation controlled for age showed no significant differences in
BDI-II score between infected and uninfected women (p = 0.494) or between women with
and without a diagnosed fertility disorder (p = 0.089). In follow-up analyses, we assessed
the influence of toxoplasmosis on depression separately for fertile and infertile women. In
fertile women, we found a higher BDI-II score in Toxoplasma-positive than in Toxoplasma-
negative women (Tau = 0.145, p = 0.010, Cohen’s d = 0.48). In infertile women, we found no
significant difference in BDI-II score between Toxoplasma-positive and Toxoplasma-negative
women (p = 0.717). For more details of analyses, see Table 2 and Figure 1.
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Table 2. BDI-II scores in women and men according to toxoplasmosis and fertility problems.

Women Men

N Mean SD Tau Cohen’s d p N Mean SD Tau Cohen’s d p

Toxo-pos. 172 9.4 9.2
0.018 0.06 0.494

164 5.9 6.4
−0.075 0.25 0.003Toxo-neg. 492 8.8 8.3 513 7.4 7.4

Fertile 146 8.6 8.5
0.053 0.16 0.089

356 6.7 6.7
0.028 0.09 0.295Infertile 311 9.7 9.1 275 7.2 7.3

Fertile, toxo-pos. 38 10.9 9.4
0.145 0.48 0.010

80 5.9 6.1
−0.48 0.16 0.173Fertile, toxo-neg. 108 7.8 8.1 276 6.9 6.8

Infertile, toxo-pos. 82 10.0 9.5
0.014 0.03 0.717

76 5.2 5.9
−0.152 0.48 <0.001Infertile, toxo-neg. 229 9.6 9.0 199 8.0 7.7

−

−

−

 

−

−

≤

Figure 1. BDI-II scores in women and men according to toxoplasmosis status and fertility problems. The figure shows
boxplots with medians, interquartile ranges in violin plots. Black squares show mean depression scores.

This table shows the results of partial Kendall correlation controlled for age in women
and men according to toxoplasmosis status and fertility problems.

2.3. A Study of Depression in Men

Partial Kendall correlation controlled for age showed a higher BDI-II score in Toxo-
plasma-negative than in Toxoplasma-positive men (Tau = −0.075, p = 0.003, Cohen’s d = 0.25).
The relationship remained significant even after filtering out the influence of size of resi-
dence (Tau = −0.066, p = 0.011, Cohen’s d = 0.22). The results showed no difference in BDI-II
score between men with and without a diagnosed fertility disorder (p = 0.295). In fertile
men, we found no significant difference in the BDI-II score between Toxoplasma-positive
and Toxoplasma-negative men (p = 0.173). In the group of infertile men, on the other hand,
we found a higher BDI-II score in Toxoplasma-negative than in Toxoplasma-positive men
(Tau = −0.152, p ≤ 0.001, Cohen’s d = 0.48). See Table 2 and Figure 1 for more details of
the analyses.

3. Discussion

We studied the effect of latent toxoplasmosis on depression in a specific group of men
and women, namely the clients of a fertility clinic. Similarly to Faramarzi et al. [27], who
studied the differences in BDI scores in women and men undergoing artificial insemination,
we found higher depression levels in women than in men. On the other hand, although a
higher prevalence of toxoplasmosis has been repeatedly demonstrated in women than in
men in the Czech Republic [34,35], we did not find this difference in our study. This may be
due to our atypical sample of participants (clients of the Center for Assisted Reproduction)
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because a higher prevalence of toxoplasmosis has been observed in infertile men [32,33]
and infertile women [30].

We found no significant difference in depression levels between Toxoplasma-positive
and Toxoplasma-negative women in the dataset as a whole; however, in women without fer-
tility disorders we found that Toxoplasma-positive women are significantly more depressed
than those who are Toxoplasma-negative. These results are consistent with studies that have
shown higher depression levels in Toxoplasma-positive veteran women [14] and in pregnant
women [15]. We found no significant difference in depression levels between Toxoplasma-
positive and Toxoplasma-negative women who had been diagnosed with fertility problems.
Depression scores in these two groups were similar to those found in Toxoplasma-positive
women without fertility problems. Infertility in women is associated with increased de-
pression [22] and, indeed, in our sample the negative impact of infertility on depression
in women was close to statistical significance (p = 0.089). The impact of toxoplasmosis on
depression may thus be masked by the stronger effect of infertility. Our sample contained
more women with diagnosed fertility issues (68%) than those without and it also contained
less Toxoplasma-positive (26%) than Toxoplasma-negative women, which could explain why
we found no significant effect of toxoplasmosis in the sample of women as a whole.

We found a significant difference in depression levels between Toxoplasma-positive and
Toxoplasma-negative men in the whole dataset and in the subset of men with a pathological
spermiogram. Consistent with a previously published study [17], our results also indicate
that Toxoplasma-positive men could be protected from depression. A host’s infection is
characterized by elevated levels of IL-10 [36–38], which can reduce depression via its
immunosuppressive and anti-inflammatory activities [39,40]. Flegr et al. [41] suggest that
this could reduce BDI-II depression scores in nonclinical populations of Toxoplasma-positive
men. This mechanism alone, however, cannot explain why the depression-protective
effect of toxoplasmosis was not observed in women and why Toxoplasma-positive women
without fertility problems had significantly higher depression scores than Toxoplasma-
negative women.

Interestingly, our results show that latent toxoplasmosis affects depression levels in
the opposite direction in men and women: they increase in women and decrease in men.
Significant differences between men and women in the effect of latent toxoplasmosis on
personality changes are known to exist. Toxoplasma-positive men seem to be less observant
of rules and be more suspicious, jealous, and dogmatic than Toxoplasma-negative men,
while Toxoplasma-positive women are more warm-hearted, easygoing, conscientious, persis-
tent, and moralistic than Toxoplasma-negative women [5–7,42]. These opposite behavioral
responses to T. gondii infection have been explained by the contrasting reactions of men
and women to the chronic stress associated with lifelong infection [8,9]. To cope with stress,
women usually seek and provide social support [43–45], while men use more individualis-
tic and antisocial strategies [45,46]. Similarly, an evolutionary explanation suggests that the
difference between men’s “fight or flight” and women’s “tend and befriend” response to
stress stems from women’s need to protect children and maintain social relationships [47].
From a physiological point of view, Kudielka and Kirschbaum observed sex differences
in the HPA axis stress responses [48]. It is indeed possible that stress-related mechanisms
could play a role in the observed differences in the effect of toxoplasmosis on depression
scores in men and women detected in our study.

Recent meta-analyses which portrayed no relationship between toxoplasmosis and
major depression [19,20] were based on samples of psychiatric patients. In the present
study, on the other hand, we excluded subjects who were taking antidepressants from our
analyses. Moreover, some the studies referenced above examined the relationship between
toxoplasmosis and depression based on pooled data collected from both sexes, which would
have obscured the above-mentioned differences between the sexes. In the meta-analysis of
Nayeri et al. [19], it was impossible to separately analyze men and women because the data
were not available in all studies covered by the article. The results of Suvisaari et al. [16],
who measured depression using the Beck Depression Inventory (as in our study), support
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the hypothesis of sex-differential outcomes. They found higher BDI scores in Toxoplasma-
positive individuals in a representative Finnish sample. When, however, they performed
analyses separately for men and women, they found a higher BDI score only in Toxoplasma-
infected women than Toxoplasma-uninfected women. In men, they found no such difference
in BDI scores between Toxoplasma-infected and uninfected individuals.

Differences in the results of various studies may also be attributed to differences in the
measurement of depression. Some studies did not measure the severity of depression and
only examined the prevalence of toxoplasmosis in psychiatric patients compared to healthy
controls; this is summarized in a meta-analysis by Sutterland et al. [20]. In our study,
we measured depression using a standardized Czech version [49] of the Beck Depression
Inventory-II [50]. Although Kamal et al. [11] found significantly higher depression scores
measured by the Beck Depression Inventory in Toxoplasma-positive psychiatric patients
than in Toxoplasma-negative patients, unfortunately they did not perform the analysis
separately in men and women.

Behavioral changes associated with latent toxoplasmosis have long been studied and
interpreted within the theoretical framework of the so-called ‘manipulation hypothesis’,
which states that parasites can alter the behavior of their hosts so as to aid their transfer
from intermediate hosts to a definitive host by predation [51]. However, association does
not necessarily mean causality. The observed changes in behavior and personality between
Toxoplasma-positive and Toxoplasma-negative subjects may be either the cause or the effect
of toxoplasmosis. Changes caused by toxoplasmosis could be either the product of Toxo-
plasma’s above-mentioned manipulative activity [51], side effects of pathological processes
in the infected organism, or adaptive or maladaptive host responses to parasitic infection.
However, it is also possible that individuals with different behaviors and personalities
may differ in their susceptibility to Toxoplasma infection or exhibit different levels of risk-
taking behaviors that lead to infection. In human studies, it is impossible to directly test
the direction of causality between these phenomena. Results of longitudinal studies in
humans [6,7] and experiments in laboratory animals [52–54] do, however, provide support
for the hypothesis of infection-induced behavioral changes.

The likelihood of T. gondii infection is known to increase with age. In our dataset, the
mean age was higher in Toxoplasma-positive women than in Toxoplasma-negative ones. In
men, we found no association between age and Toxoplasma status. A recent epidemiological
study [34] conducted in the Czech Republic had shown that the prevalence of toxoplasmosis
in boys and girls is similar until the age of 19. At about 30 years of age, the prevalence is
significantly higher in women than in men. After this age, the prevalence in men stagnates
or decreases, while in women it increases until the age of 50. The traditional explanation
for this increasing prevalence of toxoplasmosis in women of childbearing age is their
involvement in cooking and tasting raw meat [35]. The possible transmission of T. gondii
from men to women by sexual intercourse [55,56] and oral sex [57] is also discussed in
the literature. It is thus possible that in women, infection rates increase more markedly
with age than in men. Women seem to have a greater chance of encountering more sources
of T. gondii infection than men do. One of the main risk factors for Toxoplasma infection
is the size of place of residence [58]. In our study, we observed an effect of size of place
of residence on toxoplasmosis in men only. This study was part of a larger study on the
effects of latent toxoplasmosis on human fertility. It included an epidemiological study [56]
which showed that the main risk factors for women were the size of place of residence in
childhood and infection of their sexual partner. Other risk factors connected with T. gondii
infection—such as eating poorly washed root vegetables and raw meat, contact with garden
soil, and cat keeping—were not significantly associated with toxoplasmosis in women. In
men, however, the authors observed more typical sources of T. gondii infection, namely the
size of place of residence in childhood and contact with garden soil.
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Limitations

One possible limitation of this study could be the participation of couples who could
not naturally conceive. Depression scores may have been affected not only by respondents’
own fertility problem but also by their partners’ fertility status, which would obscure the
results of analysis on the effect of fertility on depression. This may be why, although an ear-
lier meta-analysis detected higher depression scores in infertile than in fertile couples [25],
our results show no correlation between depression and fertility disorders.

Another limitation of our study was the use of self-reporting questionnaires on depres-
sion in the waiting room of the Center for Assisted Reproduction. Although couples were
instructed to work on the questionnaire independently, we cannot be sure they followed
the instructions.

4. Materials and Methods
4.1. Study Design and Participants

This cross-sectional study was part of a larger study of the effect of latent toxoplas-
mosis on human fertility, which took place in June 2016–June 2018 in collaboration with
the Center for Assisted Reproduction at the Gynecological and Obstetric Clinic of the
First Faculty of Medicine of Charles University and the General University Hospital in
Prague. The study included couples who visited the Center for Assisted Reproduction with
fertility problems. Informed consent was obtained from all participants. During a routine
examination, blood samples were taken for serological testing for toxoplasmosis. Upon en-
tering the study, participants completed a questionnaire that included socio-demographic
questions, questions on medications they are using, and a standardized Czech version [49]
of the Beck Depression Inventory-II (BDI-II) [50]. Patients who used antidepressants were
excluded from the analyses (18 Toxoplasma-negative women, 3 Toxoplasma-positive women,
9 Toxoplasma-negative men, and 3 Toxoplasma-positive men). After three weeks, participants
were informed about their serological test results for toxoplasmosis.

The study was approved by the Ethics Committee of the General University Hospital
in Prague (No. 384/16; 92/17) and the Institutional review board of the Faculty of Science,
Charles University (No. 2015/29).

4.2. Questionnaire BDI-II

The Beck Depression Inventory-II (BDI-II) is a self-reporting scale (21 items) aimed at
capturing the cognitive, affective, motivational, and physiological symptoms of depression.
The items are rated on a 4-point scale ranging from 0 to 3. The overall score may range from
0 to 63, with higher scores indicating a more pronounced presence of depressive symptoms.
The BDI-II showed high reliability (Cronbach’s alpha: in women overall = 0.924, in fertile
women = 0.931, in infertile women = 0.927, in men overall = 0.911, in fertile men = 0.897,
in infertile men = 0.914). Participants who did not complete the BDI-II questionnaire or
omitted over one-fifth of questions were excluded from the study (31 men and 29 women).
A total of 53 (8%) incomplete BDI-II questionnaires filled by women where one-fifth or
fewer responses were missing and 37 (5%) such questionnaires answered by men were
used in the study after the missing answers were substituted with the average score of that
respondent’s other answers.

4.3. Serological Testing for Toxoplasmosis

Toxoplasmosis testing was performed in the National Reference Laboratory for Toxo-
plasmosis at the National Institute of Public Health in Prague by the complement fixation
test and ELISA IgG test (TestLine Clinical Diagnostics). Negative results in both tests
indicated that the patient was not infected with T. gondii, while positive results indicated
the presence of anamnestic anti-Toxoplasma antibodies. Participants with inconclusive test
results (one test was positive, the other negative) were excluded from further analyses
(23 men and 39 women).
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4.4. Fertility Assessment

Fertility examination was performed at the Center for Assisted Reproduction. We
obtained data on diagnosed fertility disorders from a medical database. The disorders
diagnosed in women included the tubular factor infertility, anovulation, endometriosis,
ovarian failure, or immunological infertility. For the purpose of this study, we identified
women with these disorders as infertile. Women who were not diagnosed with any of
these disorders (and were marked as “without a pathological finding” in the medical
database) were identified as fertile. For 207 women, specific diagnosis was not available in
the medical database and these women were not included in fertility analyses.

The men underwent semen examination in the laboratory at the Center for Assisted
Reproduction, where spermiograms which indicated lower sperm count, fewer motile
sperm, or fewer sperm of normal morphology than the WHO reference limits, were marked
as pathological [59]. Men with such spermiograms were then identified for the purpose of
this study as infertile. Men who did not have a pathological spermiogram were identified
as fertile. A total of 46 men who did not undergo semen examination were not included in
further analyses.

4.5. Statistical Analysis

The data were analyzed using Jamovi 1.6.15 [60]. The Mann-Whitney U-test and
the χ2 test of association were used to compare the age, size of place of residence, level
of education, smoking, and fertility disorders in groups of women and men according
to their toxoplasmosis status. The prevalence of toxoplasmosis in men and women was
tested by the χ2 test of association. Differences in BDI-II scores in particular groups were
tested by a partial Kendall correlation controlled for age. All data are available in the
online open-access repository Figshare (doi: 10.6084/m9.figshare.15074175; accessed date:
30 July 2021).

5. Conclusions

Our results showed that the effect of toxoplasmosis on depression goes in the opposite
direction in men and in fertile women. While toxoplasmosis seems to protect men from
depression, it appears to increase the likelihood of depression in women. Our results
concur with previous anecdotal observations of a lower incidence of major depression in
men with toxoplasmosis [17]. This interaction between toxoplasmosis, sex, and depression
could help explain the inconsistent results of previous studies and the large heterogeneity
of results reported in meta-analytic studies. The effects of toxoplasmosis on men and
women are likely to interfere with each other and the outcome of studies also depends on
the male-to-female ratio in the studied sample. Our results suggest that in future studies
on the effects of toxoplasmosis on depression in humans, data on men and women should
always be analyzed separately.
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28. Kaňková, Š.; Flegr, J.; Calda, P. The Influence of Latent Toxoplasmosis on Women’s Reproductive Function: Four Cross-Sectional
Studies. Folia Parasitol. 2015, 62, 041. [CrossRef]

29. Li, S.; Cui, L.; Zhao, J.; Dai, P.; Zong, S.; Zuo, W.; Chen, C.; Jin, H.; Gao, H.; Liu, Q. Seroprevalence of Toxoplasma Gondii Infection
in Female Sterility Patients in China. J. Parasitol. 2011, 97, 529–530. [CrossRef]

30. El-Tantawy, N.; Taman, A.; Shalaby, H. Toxoplasmosis and Female Infertility: Is There a Co-Relation? Am. J. Epidemiol. Infect. Dis.
2014, 2, 29–32. [CrossRef]

31. Zhou, Y.-H.; Lu, Y.-J.; Wang, R.-B.; Song, L.-M.; Shi, F.; Gao, Q.-F.; Luo, Y.-F.; Gu, X.-F.; Wang, P. Survey of Infection of Toxoplasma
Gondii in Infertile Couples in Suzhou Countryside. Zhonghua Nan Ke Xue Natl. J. Androl. 2002, 8, 350–352.

32. Qi, R.; Su, X.; Gao, X.; Liang, X. Toxoplasma Infection in Males with Sterility in Shenyang, China. Zhonghua Nan Ke Xue Natl.
J. Androl. 2005, 11, 503–504.
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49. Preiss, M.; Vacíř, K. Beckova Sebeposuzovací Škála pro Dospělé; BDI-II Brno Psychodiagnostika: Brno, Czech Republic, 1999.
50. Beck, A.T.; Steer, R.A.; Brown, G.K. Manual for the Beck Depression Inventory-II; Psychological Corporation: San Antonio,

TX, USA, 1996.
51. Barnard, C.J.; Behnke, J.M. Parasitism and Host Behaviour; Taylor and Francis: London, UK, 1990.
52. Vyas, A.; Kim, S.-K.; Giacomini, N.; Boothroyd, J.C.; Sapolsky, R.M. Behavioral Changes Induced by Toxoplasma Infection of

Rodents Are Highly Specific to Aversion of Cat Odors. Proc. Natl. Acad. Sci. USA 2007, 104, 6442–6447. [CrossRef]
53. Skallová, A.; Kodym, P.; Frynta, D.; Flegr, J. The Role of Dopamine in Toxoplasma-Induced Behavioural Alterations in Mice: An

Ethological and Ethopharmacological Study. Parasitology 2006, 133, 525–535. [CrossRef]



Pathogens 2021, 10, 1052 11 of 11

54. Vyas, A.; Kim, S.-K.; Sapolsky, R.M. The Effects of Toxoplasma Infection on Rodent Behavior Are Dependent on Dose of the
Stimulus. Neuroscience 2007, 148, 342–348. [CrossRef]
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57. Kaňková, Š.; Hlaváčová, J.; Flegr, J. Oral Sex: A New, and Possibly the Most Dangerous, Route of Toxoplasmosis Transmission.
Med. Hypotheses 2020, 141, 109725. [CrossRef]

58. Kolbekova, P.; Kourbatova, E.; Novotna, M.; Kodym, P.; Flegr, J. New and Old Risk-Factors for Toxoplasma Gondii Infection:
Prospective Cross-Sectional Study among Military Personnel in the Czech Republic. Clin. Microbiol. Infect. Off. Publ. Eur. Soc.
Clin. Microbiol. Infect. Dis. 2007, 13, 1012–1017. [CrossRef] [PubMed]

59. World Health Organization. WHO Laboratory Manual for the Examination and Processing of Human Semen, 5th ed.; World Health
Organization: Geneva, Switzerland, 2010; ISBN 978-92-4-154778-9.

60. The Jamovi Project. Jamovi. (Version 1.6) [Computer Software]. Available online: https://www.jamovi.org (accessed on
9 June 2021).



 

 

 

 

 

 

 

5.5. Presence of Toxoplasma gondii tissue cysts 

in human semen 

 

 




















































