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Abstrakt

Priblizné tretina lidi na svété je nakazena parazitickym prvokem Toxoplasma gondii
(T. gondii). Kromé klasickych zdroji infekce je v posledni dobé diskutovan pohlavni
prenos parazita, ktery byl potvrzen jiz u mnoha druhi zvirat. U lidi jej vSak podporuji jen

neprimé dikazy.

Vnasi studii jsme zjistili, Ze rizikovym faktorem pro ndkazu 7. gondii u Zen byla
Toxoplasma-séropozitivita jejich sexualniho partnera. Tyto vysledky podpoftily hypotézu
jednosmérného prenosu z muzi na zeny pohlavni cestou. Dale jsme navrhli hypotézu
prenosu T. gondii béhem oralniho sexu v pripadé, Ze neinfikovany jedinec pozre ejakulat
infikovaného muze. Pokud by ejakulat obsahoval tkanové cysty parazita, lze ocekavat
podobny zpisob infekce jako pri pozieni parazita v syrovém mase. Za Gcéelem zjistit, zda se
T. gondii opravdu nachazi ve spermatu muzi, jsme nasledné provedli studii, ve které jsme
jako prvni prokézali pritomnost tkanovych cyst parazita ve spermatu muzi s latentni

toxoplazmozou.

Vliv toxoplazmozy byl nasledné sledovan také v souvislosti s reprodukénimi funkcemi.
Vyssi prevalence toxoplazmozy byla zjisténa u neplodnych muzt v porovnani s kontrolami.
V dalsi prilozené studii jsme zjistili, Ze latentni toxoplazméza negativné ovliviiovala pocet
a pohyblivost spermii. Negativni vliv latentni toxoplazmozy na parametry spermatu byl
navic silnéjsi u subpopulace kuraka. Je také znamo, ze s neplodnosti byvaji mimo jiné
spojovany i deprese a tuzkosti, ale vysledky studii vlivu 7. gondii na deprese jsou
rozporuplné. V posledni studii provedené na parech z centra asistované reprodukce jsme
ukazali, Ze toxoplazmoza ovliviiovala depresivitu u muzii a Zen opa¢nym smérem, u muzi
ji sniZovala a u Zen zvySovala. Nejnizsi skory depresivity méli Toxoplasma-pozitivni muzi

s patologickym spermiogramem.

Zmeény v chovani, osobnosti a parametrech plodnosti ¢lovéka zptisobené T. gondii by
mohly byt bud vedlejsimi ucinky patologickych procest v té€le infikovaného hostitele
a nebo produktem manipulac¢ni aktivity parazita zaméiené na zvyseni pravdépodobnosti
pirenosu do definitivniho hostitele. Je vSak také mozné, Ze se jedinci mohou liSit ve
vnimavosti k infekci 7. gondii nebo vykazovat rtizné tirovné rizikového chovani, které
vedou k vétsi pravdépodobnosti ziskani infekce. Vysledky studii u experimentilné

nakazenych zvirat vsak podporuji hypotézu zmén vyvolanych infekei.
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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.
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Toxoplasmosis, sexual transmission, oral sex, reproduction, sperm, depression
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1. Uvod

Toxoplasma gondii (T. gondii) je jednim z nejcetnéjsich parazitickych prvoka u lidi
vrozvinutych zemich. Prevalence toxoplazmoézy se vlidské populaci pohybuje mezi
20 a 80 % vzavislosti na véku, kulturnich a stravovacich zvyklostech, hygienickych

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

T. gondii je klasickym modelem pro studovani manipula¢ni hypotézy, ktera rika, Ze se
u parazitli vyvinula schopnost ménit fenotyp hostitele za icelem zvyseni pravdépodobnosti

prenosu parazita z mezihostitele do definitivniho hostitele predaci (Barnard and Behnke,

1990).

Existuje nékolik zpiisobti, jak se lze timto parazitem nakazit, z nichZ nejbéznéjsim je
pozreni $patn€ umyté korenové zeleniny kontaminované oocystami nebo nedostate¢né
tepelné zpracovaného masa s tkanovymi cystami parazita (Tenter et al., 2000). U mnoha
druhti zvitat byl navic potvrzen pfenos toxoplazmozy pohlavni 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 prokazano, Ze se T. gondii nachéazi ve spermatu a reprodukénich organech
zvirat (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 ¢lovéka (De Paepe et al., 1990; Disko et al., 1971; Haskell
et al., 1989; Wong et al., 2018). Jednim z cil této prace bylo zjistit, jaké stadium 7. gondii

se nachazi ve spermatu muzu.

U lidi zatim toxoplazmoéza neni fazena mezi pohlavné prenosné onemocnéni. Proto bylo
dalsim cilem prace shrnout poznatky o dosud nepotvrzeném pohlavnim pienosu 7. gondii
u lidi a studovat toxoplazmo6zu na populaci heterosexuélnich para z epidemiologického
hlediska. Cilem bylo analyzovat rizikové faktory pro nakazu T. gondii véetné nakazy
sexualniho partnera zvlast u Zen a muzi. Jelikoz u zvirat byl studovan pohlavni prenos
T. gondii ze samcli na samice, cilem bylo zjistit, zda je i u lidi pravdépodobnéjsi smeér
prenosu tohoto parazita z muze na zenu. DalSim cilem diserta¢ni prace bylo predstavit
nové navrzenou hypotézu prenosu 7. gondii béhem oralniho sexu v pripadé, ze

neinfikovany jedinec pozre ejakulat infikovaného muze.

Mnoho studii také pozorovalo negativni vliv T. gondii na reprodukcni funkce hostitele
(Abdoli et al., 2012; Lopes et al., 2009a, 2009b, 2011; Terpsidis et al., 2009; Tyebji et al.,
2020). Vys$i prevalence toxoplazmoézy byla zjiSténa u neplodnych muZz v porovnani

s kontrolni skupinou plodnych muzi (Qi et al., 2005). Vzhledem k tomu, Ze existovala



pouze pilotni studie, provedena na 60 muzich, zabyvajici se vlivem latentni toxoplazmozy
na parametry spermatu (Colosi et al., 2015), dalsim cilem této prace bylo shrnout
dosavadni poznatky o problematice neplodnosti v souvislosti s toxoplazmédzou, porovnat
prevalenci toxoplazmézy u muzi s patologii ve spermatu a bez ni, a analyzovat vliv infekce
T. gondii na konkrétni parametry spermatu, a to na objem spermatu a pocet, pohyblivost
a morfologii spermii. JelikoZ ma na koncentraci spermii negativni vliv koureni tabaku
(Kiinzle et al., 2003; Ramlau-Hansen et al., 2007), dalsim cilem bylo zjistit, zda koureni

tabaku prohlubuje negativni dopad toxoplazmozy na parametry spermatu muzu.

Je také znamo, Ze s neplodnosti byvaji spojovany deprese a izkosti (Rooney and Domar,
2018). Latentni toxoplazméza je asociovana se specifickymi vlivy na osobnost clovéka
(Flegr et al., 2000; Flegr and Havlicek, 1999) a jeho chovani (Flegr, 2007; Flegr et al., 1996;
Lindova et al., 2006, 2010). Vysledky studii zabyvajicich se vlivem latentni toxoplazmozy
na deprese jsou ale nekonzistentni. Prestoze byly pozorovany negativni tcinky latentni
toxoplazmézy na lidskou plodnost a problémy s plodnosti souvisejici s depresivnimi
symptomy, zadna studie jesté netestovala souvislost mezi latentni toxoplazmézou,
plodnosti a depresi. Cilem této prace tedy bylo propojit poznatky o toxoplazmoze,
poruchach plodnosti a depresivité a analyzovat vliv latentni toxoplazmoézy na depresi

u muzi a Zzen ve vztahu k jejich plodnosti.

Poslednim cilem této prace bylo diskutovat nad tim, zda popisované zplisoby prenosu
T. gondii a vztahy mezi T. gondii a poruchami plodnosti jsou vysledkem manipulaéni

aktivity parazita nebo vedlejsim efektem pritomnosti a mnozeni parazita v téle hostitele.



2. Teoreticky avod

2.1.  Parazité a manipulacni hypotéza

Parazité mohou predstavovat az polovinu organismt na Zemi (Poulin and Morand, 2000).
U neékterych paraziti se vyvinula schopnost ,Fidit“ chovani svych hostitelt za tcelem
zvySeni pravdépodobnosti prenosu z mezihostitele do definitivniho hostitele (Moore,
2002). Takové zmeény chovani byly interpretovany v teoretickém ramci takzvané
»~manipula¢ni hypotézy“ (Barnard and Behnke, 1990). Parazité ménici chovani a morfologii
hostitelti zptisoby, které ulehcuji jejich prenos mezi hostiteli, jsou predstavitelé konceptu
rozSiteného fenotypu (Dawkins, 1982, 1990, 2004). Piikladem je motolice
Leucochloridium paradoxum, jejiz sporocysty pulzuji v tykadlech plzi rodu Succinea,
atim lakaji ptaky, definitivni hostitele parazita, na chutnou potravu (Wesotowska and
Wesolowski, 2014). Jiny druh motolice, Dicrocoelium dendriticum, manipuluje mravence
tak, Ze se zakousnou do listu a ¢ekaji, az je spasa prezvykavec, definitivni hostitel parazita
(Moore, 2002). Strunovci zas nuti své hostitele, cvréky a jiny hmyz, po dosazeni dospélosti
skocit do vody, ve které parazit hostitele opousti za Gcelem rozmnozeni (Thomas et al.,
2002). Sacculina carcini dokaze kastrovat hostitele, prekazit jeho rozmnozovani a donutit
ho se starat o potomky parazita (Deutsch and Mouchel-Vielh, 2003; Hoeg, 1995).
Klasickym modelem pro studovani manipula¢ni hypotézy je také Toxoplasma gondii

(Barnard and Behnke, 1990).

2.2.  Toxoplasma gondii

Toxoplasma gondii (T. gondii) byla poprvé objevena vroce 1908 u hlodavce gundi
saharského (Nicolle and Manceaux, 1908). Tento intracelularni paraziticky prvok se
taxonomicky fadi mezi SAR, Alveolata, Apicomplexa, Conoidasida, Coccidia, Eimeriorina
(Adl et al.,, 2012) a ma fakultativni heterogenni Zivotni cyklus (Dubey et al., 1998).
Definitivnimi hostiteli parazita jsou zastupci kockovitych selem a mezihostitelem miize byt

kterykoliv teplokrevny obratlovec véetné ¢loveka (Tenter et al., 2000).

T. gondii zplsobuje onemocnéni toxoplazmoézu, coZz je jedna znejvice rozsirenych
parazitoz C¢loveéka vrozvinutych zemich. V devadesatych letech 20. stoleti se
séroprevalence u zen v plodném véku pohybovala od 37 % do 58 % ve stfedni Evropé,
Polsku, Chorvatsku, Slovinsku, Australii a severni Africe, vyssi byla v Latinské Americe

azapadni Africe (51—-77%) a naopak nizsi séroprevalence byla hlaSena ve



Skandinavii, jihovychodni Asii, Ciné a Koree (4 — 39 %) (Tenter et al., 2000). Prevalence
toxoplazmoézy u muzi v Ceské republice testovanych v letech 2000 — 2004 byla 23 %
a infekce byla spojena predevs§im s pojidanim syrového masa, zahradnicenim a Zivotem
vmalé obci (Kolbekovi et al., 2007). Opakované byla v Ceské republice prok4zana vyssi
prevalence toxoplazmozy u Zen nez u muzi (Flegr, 2017; Kodym et al., 2000). Prestoze se
prevalence u chlapci a divek do 19 let nelisila (Flegr, 2017), priblizné ve 30 letech byla
vyrazné vyssi u Zen nez u muzi. Po tomto véku u muzi stagnovala nebo klesala, zatimco
u zen se zvySovala az do véku 50 let. Tradiénim vysvétlenim této rostouci prevalence
toxoplazmézy u zen v plodném véku je jejich zapojeni se do vatreni a ochutnavani syrového
masa (Kodym et al., 2000). V literature se také diskutuje o0 mozném prenosu 7. gondii
z muzi na zeny pohlavnim stykem (Flegr et al., 2014a; Hlavacova et al., 2020) a oralnim

sexem (Kankova et al., 2020). Vice informaci o téchto zptisobech prenosu je shrnuto

v kapitole 2.5.

Vétsinu genotypt T. gondii vyskytujicich se v Evropé a Severni Americe lze rozdélit do tri
linii, typu I, II a III (Howe and Sibley, 1995). V Severni Americe byla popsana jesté ctvrta
klonalni linie, oznacovana jako typ 12 (Khan et al., 2011a). Témér dvé tfetiny onemocnéni
zptisobené T. gondii v Evropé jsou zplisobené parazity genotypt linie typu II, dale pak
12,5 % typu 111, 9,4 % typu I a 4,7 % afrického typu BrI (Shwab et al., 2014). Zda se, zZe
zatimco T. gondii ma silné klonélni populac¢ni strukturu v Severni Americe a Evropé, tak
kmeny v Jizni Americe vykazuji vétsi genetickou diverzitu a znamky sexualni rekombinace

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

Pro vysetfeni toxoplazmozy se pouzivaji bud neprimé (sérologické) testy nebo prima
detekce T. gondii (Montoya, 2002). Nepiimé testy slouzi k vySetfeni specifickych
protilatek z krevniho séra a mizeme mezi n€ zaradit naptiklad komplement fixa¢ni reakci
(KFR), kterou se stanovuji celkové protilatky, ELISA (z angl. Enzyme-Linked
ImmunoSorbent Assay), ktera dokaze rozlisit jednotlivé tridy specifickych protilatek, nebo
nepiimou imunofluorescenci ¢i metodu Western blot. Pro diagnézu latentni toxoplazmozy
se pouzivaji testy na protilatky tridy IgG, kdezto pro diagnézu akutni toxoplazmozy se
pouzivaji testy na protilatky trid IgM a IgA. Metodou, ktera slouzi k ptimé detekei T. gondii
ve vySetfovaném vzorku, jelikoz dokaZze mnohonasobné zmnozit pozadované tseky DNA,

je vysoce citliva polymerazova retézova reakce (PCR).



2.2.1. Prenatélné a postnatalné ziskana toxoplazmoza u ¢loveéka

Toxoplazmézu muze Clovek ziskat jiz v pribéhu prenatalniho vyvoje a nebo az pozdéji
v pribéhu zZivota. Prenatalné ziskana kongenitalni toxoplazmoza je vaznou formou této
nemoci, jejiz vyskyt se pohybuje od 0,08 do 3,2 na 1000 téhotenstvi (Varella et al., 2009).
K infekci placenty a plodu miiZe dojit u Zen, které byly infikovany kratce pred ot€hotnénim
nebo béhem té€hotenstvi (Robert-Gangneux et al., 2011). U infikovanych déti se muze
v nejzavaznéjsich pripadech projevit néktery z priznaki tzv. klasické Sabinovy triady, tj.
chorioretinitida, hydrocefalus nebo intracerebralni kalcifikace (Wolf et al., 1939).
V nékterych pripadech miize infekce vést k porodu mrtvého ditéte nebo vaznému
neurologickému poskozeni plodu (Lopez et al., 2000). Nékteré infekce mohou byt
u novorozencu z poc¢atku asymptomatické, ale pozd€ji v zivoté mohou vést k pomalejsimu
mentalnimu vyvoji, slepoté nebo epilepsii (Lopez et al., 2000). Pravdépodobnost prenosu
toxoplazmézy z matky na plod se zvySuje z 6 % v prvnim trimestru na 72 % ve tretim
trimestru. Nicméné vaznéjsi nasledky jsou po infekei plodu v prvnim trimestru (Dunn et

al., 1999).

V pripadé postnatalné ziskané toxoplazmozy existuji u lidi dvé klinicky odlisné faze. BEhem
akutni faze, ktera je casto bezpriznakova nebo je doprovazena priznaky podobné
bakterialni ¢i virové infekcei, se rychle mnozi tachyzoiti v riznych burikach téla hostitele.
U imunokompetentnich jedinct akutni faze volné prechazi do latentni faze, kterd je
charakteristickA pomalym mnozZenim bradyzoiti v tkanovych cystach, coz jsou
transformované infikované buriky hostitele (Tenter et al., 2000). Tkatnové cysty se mohou
nachazet v centralnim nervovém systému, kosternim svalstvu, srdci, plicich, jatrech,
ledvinach nebo reprodukénich organech (Dubey, 1988; Martinez-Garcia et al., 1996).
T. gondii pretrvava v infikovanych jedincich po cely jejich zivot. Aktualné neexistuje zadna
efektivni 1é¢ba latentni formy infekce. Léci se pouze akutni faze infekce u téhotnych zen,
coz zpusobi rychly prechod z akutni do latentni faze onemocnéni, aby se predeslo infekci

plodu (Dunay et al., 2018).

MozZnymi zdroji postnatalné ziskané infekce jsou jidlo ¢i voda kontaminovana oocystami
z kocicich exkrementli nebo syrové ¢i Spatné€ tepeln€ zpracované maso mezihostiteld
obsahujici tkanové cysty (Tenter et al., 2000). U mnoha zvirat byl potvrzen také pohlavni
prenos toxoplazmozy (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).



2.3. Toxoplasma gondii a manipulaéni hypotéza

Testovanim manipulacni hypotézy se zabyvalo mnoho studii. Za vysledek manipula¢ni
aktivity parazita (Barnard and Behnke, 1990), ktera zvySuje pravdépodobnost prenosu do
definitivniho hostitele, jsou obvykle povazovany rtizné zmény chovani hostitele. Bylo
zjisténo, ze T. gondii miize prodluzovat reakéni dobu a ménit chovani nakazenych
hlodavci, kteri se tak snadn€ji stavaji koristi — snizuje u nich ostrazitost a zhorsuje
schopnost rozpoznavani neobvyklych podnéti (Vyas and Sapolsky, 2010; Webster and
McConkey, 2010). Experimentalné bylo prokazano, Ze nakaZeni hlodavci také ztraci
prirozeny strach z kocic¢iho pachu, a dokonce ziistavaji déle na mistech pachnoucich kocic¢i
moci (Berdoy et al., 2000; Vyas et al., 2007a). Ve studii provedené na mysich (Ihara et al.,
2016) autori studovali hladiny neurotransmiterti v mozkové ktire a amygdale, protoZe tyto
oblasti se podileji na expresi vzpominek na strach. Infikované mysi mély zvysené hladiny
metaboliti dopaminu a snizené hladiny serotoninu a noradrenalinu ve srovnani
s hladinami neinfikovanych mysi. Dalsi studie zjistila, Ze infekce T. gondii patrné vyvolava
epigenetickou zménu v metylaci DNA promotoru pro arginin vasopresin v amygdale

potkanich samct (Hari Dass and Vyas, 2014).

Na druhou stranu v roce 2013 autori navrhli (Worth et al., 2013), Ze selekéni tlak nemusi
byt dostatec¢né silny na to, aby doslo k evoluci adaptivni manipulace s hostitelem za ticelem
zvySeni predace koCkami. Argumentovali tim, Ze pozorované zmeény chovani zvysujici
pravdépodobnost prenosu na kocky nejsou podloZeny presvédéivymi experimentalnimi
dtikazy, a také tim, Ze pohlavni rozmnozovani v definitivnim hostiteli nemusi byt pro
prenos a udrzZeni parazita v populaci nezbytné. Proti tomu stoji fakt, Ze pro chapani
dynamiky toxoplazmozy je dilezitd prevalence toxoplazmozy u koristi a sloZeni kofisti
v potravé kockovitych Selem, jelikoz oboji ovliviiuje riziko infekce definitivniho hostitele
(Afonso et al., 2007). Navic kockovité Selmy jsou povazovany za kli¢ové hostitele v kontrole
toxoplazmozy, jelikoz kontaminovana stolice téchto zvirat je zodpoveédna za Sifeni oocyst

v prosttedi (Garcia, 2009).

Moderni lidé jsou mezihostitelé T. gondii, ktefi jiz nejsou bézné loveni kockovitymi
Selmami. Zmény chovani u infikovanych lidi mohou byt vedlej$imi ucinky toxoplazmozy
nebo rezidualnimi manipula¢nimi znaky, které se vyvinuly u mezihostiteli lovenych
kockovitymi Selmami. Mohou vsak byt také disledkem manipulacnich schopnosti
parazita, které se vyvinuly v dobé, kdy kockovité Selmy lovily predky ¢lovéka (Flegr, 2013;
Webster, 2001). Studie provedena na Simpanzich (Poirotte et al., 2016) zjistila, Ze

Toxoplasma-pozitivni Simpanzi oproti Toxoplasma-negativnim ztratili vrozeny odpor



k moci jejich jediného prirozeného predatora, levharta, avsak ne k mo¢i jinych kockovitych
Selem, se kterymi se Simpanzi v prirodé nesetkavaji. Vzhledem k tomu, Ze levharti si své
teritorium zna¢i moc¢i, mize tedy dochazet k vyssi pravdépodobnosti stietu levhart
s Toxoplasma-nakazenymi Simpanzi. Ztrata odporu infikovanych Simpanzi pouze k moci

levhartii by tedy mohla byt vysledkem manipulace parazita s hostitelem.

Zmény v chovani hostitelti vyvolané T. gondii by mohly byt také disledkem vedlejsSich
ucinkt infekce. Byla provedena studie (Berenreiterova et al., 2011), ktera zkoumala
rozmisténi cyst v mozku nakazenych mysi. Cysty T. gondii byly rozmistény nerovnomeérné
po celém mozku, ale autofi nepozorovali selektivni tropismus parazita vii¢i urcitému
funkénimu systému. Mezi vice infikovanymi oblastmi mozku byly cichovy bulbus,
entorhinalni, somatosensoricky, motoricky, orbitalni, frontdlni a vizualni Kkortex,
hipokampus a amygdala. T. gondii by tedy mohla a¢inné ménit behavioralni fenotyp

infikovanych hostitelti.

V soucasné dobé nelze infekci T. gondii spojovat s predaci koc¢kovitymi Selmami u lidi.
Poziistatky manipulace parazitem, ktera diive mohla zptisobit, Ze se jedinec stal snadnou
koristi, miizeme ale pozorovat dodnes. Mnoho studii naznacuje, ze latentni toxoplazmoza
zvysuje riziko dopravnich nehod u infikovanych osob v Ceské republice (Flegr et al., 2002,
2009), Rusku (Stepanova et al., 2017) nebo Turecku (Yereli et al., 2006), a pracovnich
urazi u infikovanych lidi v Mexiku (Alvarado-Esquivel et al., 2012), pravdépodobné
v disledku snizené ochoty dodrzovat pravidla spolu s prodlouzenim reakéni doby
(Havlicek et al., 2001; Novotna et al., 2008; Vyas and Sapolsky, 2010; Webster and
McConkey, 2010).

2.4. Toxoplasma gondii v reprodukénich organech hostitele

Jak jiz bylo feceno vysSe, Toxoplasma gondii se nachazi v riznych organech hostitele —
v srdci, plicich, jatrech, ledvinach a reprodukcnich organech (Dubey, 1988; Martinez-
Garcia et al., 1996). DNA T. gondii byla dale detekovana ve spermatu kralikd (Liu et al.,
2006), kozlu (Santana et al., 2010), beranu (Bezerra et al., 2014; Rouatbi et al., 2019),
jelenti (Mazzoni Baldini et al., 2022) a psti (Koch et al., 2016). Cysty T. gondii byly nalezeny
v nadvarletech a spermatu samct krys (Dass et al., 2011) a ve varlatech samct mysi (Tyebji
et al., 2020). Tachyzoiti T. gondii byli objeveni ve spermatu, varlatech a nadvarletech psi
s akutni toxoplazmézou (Arantes et al., 2009). BliZe nespecifikovana stadia T. gondii byla
také nalezena ve varlatech, semennych vaccich a spermatu bykt (Scarpelli et al., 2009),

a také v nadvarletech a semennych vaccich prasat (Moura et al., 2007). Na druhou stranu
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nebyla T. gondii detekovana ve spermatu, varlatech ani nadvarletech nakaZzenych kocourti

(Teixeira et al., 2017).

Narozdil od velkého poctu studii provedenych na zviratech neexistuje mnoho studii, které
by sledovaly pritomnost T. gondii v reprodukcnich organech lidi. Jedna studie jiz v roce
1971 poukézala na T. gondii ve spermatu muzi (Disko et al., 1971), ale autori neurdéili
staddium parazita. Dale byli nalezeni tachyzoiti T. gondii ve varlatech HIV pozitivniho muze
(Haskell et al., 1989) a také cysty T. gondii ve varlatech imunokompetentniho muze (Wong
et al., 2018). Ve studii (De Paepe et al., 1990) byli ve varlatech 22 z 56 HIV pozitivnich
muzl nalezeni oportunisti¢ti patogeni véetné T. gondii. Parazit byl pomoci PCR také

detekovan ve vaginalnich vytérech neplodnych Zen (Faroughi and Amini, 2021).

V publikaci (Tong et al., submitted), ktera je soucasti této prace, jsme jako prvni prokazali
pritomnost tkanovych cyst T. gondii ve spermatu imunokompetentnich muzi s latentni
toxoplazmézou. Provedli jsme roztéry vzorkl spermatu od 50 muzi a pouzili barveni podle
Giemsy, pricemz jsme tkanové cysty objevili na prvnim sklicku ve vzorcich 35 muzu.
S rostoucim poctem vySetfenych sklicek jsme tkanové cysty nakonec objevili ve vzorcich
vSech 50 muzt. Nasledné jsme identifikovali cysty T. gondii obarvenim stény cyst lektinem
se znamou afinitou ke sténovym sacharidiim (Boothroyd et al., 1997). V posledni fadé jsme

detekovali mRNA BAG-1 specifickou pro bradyzoity uvnitt tkanovych cyst.

2.5. Pfenos Toxoplasma gondii pohlavni cestou

S pritomnosti T. gondii v reprodukénich organech hostitele Gzce souvisi prenos parazita
pohlavni cestou. Pohlavni prenos T. gondii byl pozorovan u mnoha druhi zvirat. Samice
krys (Dass et al., 2011) byly infikovany pii pfirozeném pareni se samci, u kterych probihala
latentni faze toxoplazmozy. Déle byly béhem prirozeného pareni s nakazenymi samci
infikovany samice koz (Santana et al., 2013) a ovci (Lopes et al., 2013), pri¢emz autori
nepisi, zda u samct probihala akutni ¢i latentni faze toxoplazmozy. Vime pouze, Ze samci
byli pripusténi k samicim cCasové rtizné — mezi 7. a 70. dnem po infekci. Po umélém
oplodnéni infikovanym spermatem tachyzoity T. gondii byly nakazeny samice kralikt (Liu
et al., 2006), ovci (Consalter et al., 2017; de Moraes et al., 2010), koz (Wanderley et al.,

2013) a pst (Arantes et al., 2009).

U lidi zatim nebyl prokazan pohlavni prenos T. gondii, nicméné se o ném v recentnich
studiich casto diskutuje (Flegr et al., 2014a), nebot existuje mnoho nepfimych dikazi,

které hypotézu pohlavniho pfenosu u lidi podporuji. Autoti recentniho ¢lanku (Crespillo-



Andujar et al., 2018) upozornuji, zZe z péti parazitickych prvoka (Entamoeba hystolitica,
Schistosoma haematobium, Trichomonas vaginalis, Trypanosoma cruzi, Toxoplasma
gondii) nalezenych ve spermatu ¢lovéka je povazovana za pohlavné prenosnou pouze

Trichomonas vaginalis.

Prvni neprimé diikazy poskytuje studie (Flegr et al., 2014a), ve které autori zjistili, ze
prevalence toxoplazmozy u Zen v plodném véku korelovala s prevalenci nékterych sexualné
prenosnych chorob ve clenskych statech Svétové zdravotnické organizace. Podobné byla
pozorovana vySSi prevalence toxoplazmézy u lidi infikovanych HIV nez

u imunokompetentnich jedinci (Meisheri et al., 1997).

Dalsi neprimé diikazy popisuji studie, které zohlednuji cetnosti pohlavnich stykt
a sexualnich partnert. Flegr et al. (2014) zjistili, Ze pravdépodobnost nakazy T. gondii
u téhotnych Zen pozitivné korelovala s mnozstvim nechranéného pohlavniho styku pred
otéhotnénim. V recentni studii pak byla zjiSténa vyssi prevalence toxoplazmézy u muzi
s historii sexualni promiskuity nez u muzi bez ni (Alvarado-Esquivel et al., 2021). Dokonce
i nakazeni psychiatriéti pacienti hlasili vice sexualnich partnerti nez nenakazeni pacienti
(Alvarado-Esquivel et al., 2006). Vysoka prevalence toxoplazmozy byla také zjiSténa
u sexualnich pracovnic v porovnani s prevalenci u kontrol (Alvarado-Esquivel et al., 2015).
Navic je zajimavé, Ze jednim z rizikovych faktort pro nakazu T. gondii bylo poranéni, ke
kterym doslo béhem sexuélnich sluzeb, coz naznacuje, ze by se parazit mohl prenaset
inokulaci pres otevienou ktzi nebo sliznici. Dalsim rizikovym faktorem objevenym
ve studii provedené u muzi, ktefi méli sex s muzi (Prasetyo et al., 2014) bylo praktikovani

sexu bez kondomu a pouzivani slin jako lubrikantu.

Dalsi neprimy diikaz pro jiny nez klasicky pirenos T. gondii u lidi prin4si metaanalyza studii
piipadi a kontrol, ktera analyzovala rizikové faktory pro infekci 7. gondii, a prekvapive
zjistila, Ze az dvé tretiny infekci nebylo mozné vysvétlit znamymi rizikovymi faktory, jako
jsou konzumace syrového nebo nedostate¢né tepelné upraveného masa nebo nizké

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

Jestlize by dochézelo k pohlavnimu prenosu T. gondii u lidi, nechranény pohlavni styk by
mohl vést k nakaze Zen. Pokud by se Zeny nakazily pred otéhotnénim ¢i v dobé téhotenstvi,
mohl by nasledné vytstit az ke kongenitalni infekci plodu. Nepfimou podporu pro tuto
hypotézu poskytuje studie zUSA, ve které byla pozorovana vysokd prevalence
toxoplazmézy u otcli (36 %) kongenitalné nakazenych déti oproti prevalenci v bézné

muzské populaci (9,8 %). U otcti, kteii byli testovani do jednoho roku po narozeni jejich



ditéte, bylo navic zjisténo, Ze 13 % z nich mélo vysoké hladiny protilatek proti T. gondii,

coz poukazuje na nedavno ziskanou infekci (Contopoulos-Ioannidis et al., 2015).

Moznosti, jak ovérovat hypotézu pohlavniho prenosu toxoplazmozy u lidi, je studovat
nakazu v parech. V severomexickém staté Durango védci zkoumali shodu sérologickych
a molekularnich markert infekce T. gondii u heterosexualnich part (Alvarado-Esquivel et
al., 2017). Autori nepozorovali Zddnou statisticky vyznamnou shodu. Tato studie vSak byla
provedena na malém poctu pari (n = 119), znichZz 52,9 % Zen a 59,7 % muzi bylo
Toxoplasma-pozitivnich, a autofi navic nebrali ohled na podet predeslych sexuélnich

partnert.

Jelikoz byla T. gondii nalezena ve spermatu zvirat (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 lidi (Disko et al., 1971) a studie prokazujici pohlavni
prenos T. gondii u zvirat byly vzdy provedeny s ohledem na smér prenosu ze samce na
samice prostfednictvim spermatu, bylo cilem prifezové studie (Hlavacova et al., 2020),
ktera je soucasti této disertacni prace, najit epidemiologicky diikaz pro pohlavni prenos
T. gondii spermatem. Pro tento ucel jsme vySettili krev populace pari z Centra asistované
reprodukce na pritomnost protilatek proti 7. gondii a sledovali jsme riizné rizikové faktory
vcetné nakazy sexualniho partnera/partnerky, a to odd€lené u muzi a Zen. Studovali jsme,
jestli je prenos T. gondii vparech jednosmérny, tzn. jestli je séropozitivita muze
epidemiologické riziko pro jeho partnerku, ale séropozitivita zeny neni rizikovym faktorem
pro jejiho partnera. Kvili moznosti infekce od predeslych pohlavnich partnerti jsme
predem ze statistické analyzy dat vyradili pary, u nichz Toxoplasma-pozitivni muz/zena
v dotazniku uvedl/a, Ze se vystavil/a riziku pohlavné prenosnych chorob s vice jak dvéma
Zenami/muzi za zivot a nebo neodpovéd€l/a na otazku. V této studii jsme zjistili, Ze jednim
z rizikovych faktorti pro nakazu T. gondii byla Toxoplasma-séropozitivita sexualniho
partnera zen. Pro muze vSak Toxoplasma-séropozitivita jejich partnerky rizikovym
faktorem nebyla. Nase vysledky tak podporily hypotézu nékazy Zeny od sexuélniho
partnera pohlavni cestou. Pozorované vysledky byly diskutovany i v kontextu mozného
sdileni jedné domacnosti obéma partnery a spole¢nych stravovacich navyki, které mohou
vyustit ve spolecnou nakazu T. gondii. Tato moznost ovS§em nevysvétluje, pro¢ nakaza
muze zvySovala pravdépodobnost nakazy partnerky, ale nakaza Zeny nezvySovala

pravdépodobnost nakazy partnera.

Hypotézu jednosmérného prenosu parazita z muzi na zZeny podporuje i studie (Flegr,

2017), ve které byla zjiSténa vyssi prevalence toxoplazmozy u Zen (34,5 %) nez u muzi
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(24 %). Je zajimavé, Ze prevalence byla podobna u divek a chlapct do véku 19 let, ale
nasledné u zen nariistala az do véku 50 let, zatimco u muzii stagnovala nebo se dokonce
snizovala. Tradi¢ni vysvétleni vyssi prevalence u zen v plodném véku je zaloZeno na tom,
Ze Zeny travi vice casu varenim a ochutnavanim tepelné neupraveného jidla (Flegr et al.,
2014a; Kodym et al., 2000). Nartst prevalence toxoplazmoézy u Zen v tomto vékovém
rozmezi, které je spojeno s vyssi sexualni aktivitou, by ovsem mohl byt vysvétlen také
moznym prenosem parazita z muze na Zenu béhem nechranéného pohlavniho styku.
V nasi studii (Hlavacova et al., 2020) jsme navic pojidani syrového masa jako rizikovy
faktor pro nakazu T. gondii neidentifikovali. Zaroven jsme ale vcelém datasetu
nepozorovali ani signifikantni rozdil v prevalenci toxoplazmézy u muzii a Zen. Vysvétlenim
miiZze byt provedeni studie na atypickém vzorku lidi, parech s problémem s ot€hotnénim,
nebot byla pozorovana vyssi prevalence toxoplazmozy u neplodnych muzi (Qi et al., 2005)
i neplodnych zZen (El-Tantawy et al., 2014). Tento atypicky vzorek lidi mohl byt na prvni
pohled limitaci studie. Dle naseho nazoru byl vSak idedlnim pro testovani pohlavniho
pirenosu u lidi, jelikoz zahrnoval pary, které se dlouhodobé snazily ot€hotnét, a tedy casto

provozovaly nechranény pohlavni styk.

2.5.1. Pienos Toxoplasma gondii pii oralnim sexu

V publikaci (Kankova et al., 2020), ktera je soucasti této disertacni prace, jsme navrhli
hypotézu, ktera rika, ze k prenosu 7. gondii a ndkaze miize dochazet béhem oralniho sexu

v pripadé€, Ze neinfikovany jedinec (Zena nebo muz) pozre ejakulat infikovaného muze.

VSechny argumenty podporujici hypotézu pohlavniho prenosu parazita zminéné
v predeslé kapitole 2.5. mohou platit i pro prenos béhem oralniho sexu. Pro pienos
T. gondii béhem oralniho sexu je ale velmi dtlezité, které stddium parazita je pritomno ve
spermatu ¢loveéka. Tkanové cysty s bradyzoity jsou totiz oproti tachyzoitim rezistentni viici
Zalude¢nim enzymutm, a jsou tedy adaptovany na vstup do téla nového hostitele oralni
cestou (Jacobs et al., 1960). Ve spermatu zvirat byli nalezeni tachyzoiti (Arantes et al.,
2009) i bradyzoiti (Dass et al., 2011) v zavislosti na tom, jakou fazi toxoplazmozy, akutni
¢i latentni, zrovna jedinci prodé€lavali. Ve spermatu imunokompetentnich muzi s latentni

toxoplazmoézou jsme prokazali pritomnost bradyzoitti (Tong et al., submitted).

Oralni sex se vyskytuje nejen u lidi ale také u rtiznych druht zvirat, véetné bonobi (Palagi
et al., 2004), orangutant (Knott, 2015), Simpanzi (Brooker et al., 2020), kalont (Tan et

al., 2009) a medvéda (Sergiel et al., 2014). Je tedy mozné, Ze pritomnost patogenu
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v ejakulatu je ve skute¢nosti ti¢innou evoluéni adaptaci na horizontalni Sifeni primarné

potravou prenasenych chorob (nejen toxoplazmozy) v hostitelskych populacich.

Hypotéza prenosu T. gondii béhem oralniho sexu byla navrzena také na zakladé
nasledujiciho argumentu. Pokud neinfikovana osoba pozie ejakulat obsahujici tkanové
cysty T. gondii, 1ze na teoretické trovni ocekavat podobny zptlisob infekce jako pri

konzumaci nedostate¢né tepeln€ upraveného ¢i syrového masa s tkanovymi cystami.

Podporu pro navrhovanou hypotézu dale prinaseji studie prevalenci toxoplazmoézy. Vyssi
prevalence toxoplazmoézy byla hlasena u promiskuitnich jedinct (Alvarado-Esquivel et al.,
2006) a sexualnich pracovnic (Alvarado-Esquivel et al., 2015), tj. v populacich, které
provozuji $irsi spektrum sexualnich aktivit véetné oralniho sexu. Déle byla zjisténa vyssi
prevalence toxoplazmoézy u Zen i muzi, ktefi uvadéli, Ze praktikovali felaci s muZzi,
v porovnani s jedinci, ktefi tyto praktiky neprovozovali (Kankova et al., 2020). V posledni
radé byla pozorovana vyssi prevalence toxoplazmoézy u Zen ve srovnani s muzi
u adolescentti ve véku 10 az 14 let (Kodym et al., 2000), u kterych je oralni sex véetné felace
vysoce rozsiren, zvlasté u téch, u kterych jesté nedoslo k penetra¢nimu styku (Copen et al.,

2012; Stone et al., 2006).

Pokud by se T. gondii mohla prenaset b€hem orélniho sexu, bylo by vhodné upozornit
hlavné t€hotné Zeny na zdravotni rizika, ktera stouto sexualni aktivitou prichazeji.
V téhotenstvi by ji dokonce mohly Zeny provozovat castéji, pokud jim napriklad ze

zdravotnich divodi nebyl doporucen penilné-vaginalni pohlavni styk.

2.6. Toxoplasma gondii a poruchy plodnosti hostitele

Vzhledem k tomu, Ze byla T. gondii opakované nalezena v pohlavnich organech hostiteld,
je Casto diskutovana také ve spojitosti s poruchami plodnosti. Neplodnost u c¢lovéka je
definovana jako neschopnost paru pocit potomka po 12 a vice mésicich pravidelného
nechranéného pohlavniho styku (World Health Organization, 2018). Podle statistik se
celosvétoveé potyka s neplodnosti 60 — 80 milionti part rocné (Boivin et al., 2007;
Gurunath et al., 2011). Retrospektivni studie uvadeéji, Zze v poslednich nékolika desetiletich
dochazi k poklesu kvality spermatu v riznych zemich svéta (Auger et al., 1995; Carlsen et
al., 1992; Geoffroy-Siraudin et al., 2012; Haimov-Kochman et al., 2012; Irvine et al., 1996).
Pri¢ina neplodnosti byva odhalena ptiblizné v jedné tfetiné piipadii u zeny a v jedné tiretiné
u muze. U zbyvajici jedné tietiny pfipadti byva problém v interakci mezi muZem a Zenou,

kde se pric¢ina neplodnosti u 20 % pripadi nepodari odhalit (Peterson et al., 2007). Riziko
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neplodnosti se zvySuje s rostoucim vékem (Baird et al., 2005). Na plodnost mtzZe mit vliv
nadmérna konzumace alkoholu, kofeinu, koureni tabaku, hormonalni nerovnovaha, stres
a také rtzné infekce reprodukéniho traktu (Akande et al., 2010; Azenabor et al., 2015;

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

Vlivem toxoplazmozy na plodnost lidi se zabyvalo jiz nékolik studii. Vyssi prevalence
toxoplazmézy byla pozorovana u neplodnych Zen v porovnani se zdravymi zenami (El-
Tantawy et al., 2014; Li et al., 2011). Toxoplasma-pozitivni Zeny dale uvadeély, ze jim trva
signifikantné déle otéhotnét, otéhotni ve vysSim véku a maji vice problémi s plodnosti nez

Toxoplasma-negativni zeny (Kankova et al., 2015).

Dale byla pozorovana signifikantné vyssi prevalence toxoplazmézy u neplodnych part
(34,8 %) v porovnani s prevalenci u plodnych part (12,1 %) (Zhou et al., 2002). V této
studii méli navic Toxoplasma-pozitivni muzi vyssi hladinu protilatek proti spermiim nez
Toxoplasma-negativni muzi, cozZ je asociovano se snizenou koncentraci a pohyblivosti
spermii (Cui et al., 2015). Také Qi et al. (2005) pozorovali vyssi prevalenci toxoplazmozy
u neplodnych muzi (36 %) oproti prevalenci u plodnych muzi (11 %). Dalsi neprimy diikaz
negativniho vlivu toxoplazmézy na plodnost muzi poskytuje recentni studie, ve které
autori zjistili, Ze Toxoplasma-pozitivni muzi méli méné déti nez Toxoplasma-negativni

muzi (Flegr and Preiss, 2019).

Moznym mechanismem neplodnosti u muzi zptisobené T. gondii muze byt indukce
apoptozy spermatogonii (Saki et al., 2020b). Zda se, Ze T. gondii mize dokonce ovliviiovat
metylaci DNA zménou aktivity a exprese DNA methyltransferazy (Saki et al., 2020a).
Aberantni metylace DNA v samcdich zarodeénych burikach byva spojovana s idiopatickou
muzskou neplodnosti (Wu et al., 2010). Nékolik studii prokazalo souvislost mezi
poskozenim muzskych pohlavnich organt a testikularni toxoplazmézou (Martinez-Garcia
et al., 1996) a dale zanétem varlat a hypogonadotropnim hypogonadismem zptisobenym

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

Studie tykajici se vlivu toxoplazmdzy na konkrétni parametry spermatu byly provedeny
hlavné na zviratech. U krys testovanych pribézné az do 70 dni po infekci byl zjistén
negativni vliv toxoplazmozy na pocet, pohyblivost a morfologii spermii (Abdoli et al., 2012;
Taherimoghaddam et al., 2021; Terpsidis et al., 2009). Nizsi pocet spermii a vyS$si mira
abnormalit v morfologii spermii byla také nalezena u infikovanych mysi 4 tydny po infekei,
ale nebyly pozorovany zadné zmeény v pohyblivosti spermii nebo ve vaze varlat (Tyebji et
al., 2020). Také vdalsi studii provedené na mysich byl zjiStén nizsi pocet spermii

u Toxoplasma-pozitivnich jedinct 30 dni po infekei (Dvorakova-Hortova et al., 2014).
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U berant nebyly nalezeny zaddné zmény v parametrech spermii, ale u nakazenych jedinct
byl pozorovan nizsi objem spermatu a rtizné histopatologické zmény ve varlatech, prostaté

a semennych vaccich (Lopes et al., 2009a, 2009b, 2011).

U lidi byla provedena pilotni studie (Colosi et al., 2015), ktera nezjistila zadny signifikantni
efekt toxoplazmdzy na objem spermatu, pocet, pohyblivost a morfologii spermii. Této
studie se ucastnilo pouze 60 muzi. Provedli jsme tedy rozsahlejsi studii (Hlavacova et al.,
2021b) na 669 muzich, ktera je soucasti této disertacni prace. V této studii jsme zjistili vyssi
prevalenci toxoplazmozy (27,0 %) u muzt s patologickym spermiogramem nez u muzi bez
patologie ve spermatu (22,3 %). Toxoplasma-pozitivni muzi méli nizsi celkovy pocet
spermii a také horsi kvalitu spermii nez Toxoplasma-negativni muzi. Dale jsme zjistili, ze
Toxoplasma-pozitivni muzi méli nizsi koncentraci spermii a také méné progresivné

i neprogresivné pohyblivych spermii nez Toxoplasma-negativni muzi.

Za dulezité priciny zhorsené plodnosti u muzi jsou povazovany infekce reprodukéniho
traktu (Azenabor et al., 2015). Autoti v publikaci shrnuji, ze probihajici zanét v muzském
reprodukcénim traktu je doprovazen vyssimi hladiny prozanétlivych cytokint a oxidaénim
stresem, coz je oboji velmi Skodlivé pro produkeci a funkci spermii. Zvysené hladiny
reaktivnich forem kysliku ve spermatu meélo az 80 % neplodnych muzi (Agarwal et al.,

2006).

Infekce parazitem 7. gondii, nalezenym i ve varlatech muzt (Haskell et al., 1989; Wong et
al., 2018), je doprovazena Thi imunitni odpovédi a charakteristickd nadprodukci
prozanétlivych cytokinti. Cytokiny aktivované makrofagy, které produkuji reaktivni formy
kysliku, hraji dilezitou roli v obrané hostitele proti T. gondii (Munoz et al., 2011). Bylo
zjisténo, Ze nadmeérna produkce reaktivnich forem kysliku miize nepriznivé ovlivnit nejen
kvalitu spermii ale také hladiny pohlavnich hormont (Darbandi et al., 2018; Sanocka and

Kurpisz, 2004).

Uvedené zmény v reprodukénim traktu spojené s probihajicim zanétem mohou byt dany
do souvislosti s akutni toxoplazmézou. Je ale otazkou, zda a jak dlouho tyto zmény
prretrvavaji béhem latentni faze. Predpoklada se, ze toxoplazmoéza pretrvava v latentni
formé nepretrzitou ¢innosti imunitniho systému hostitele (Carruthers, 2002). U mysi
s latentni toxoplazmoézou byla pozorovana lokalni zanétlivaA mista v mozcich, dalS$im
imunitné privilegovaném organu (Berenreiterova et al., 2011). Je tedy mozné, ze by

i v reprodukénim traktu mohl probihat zanét béhem latentni faze infekce.

Ve studii (Hlavacova et al., 2021b) ptiloZené v této diserta¢ni praci jsme dale testovali,

jakou roli hraje koureni tabaku ve vlivu latentni toxoplazmo6zy na parametry spermii. Mezi
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samotnym koufenim tabdku a jednotlivymi parametry spermii jsme neobjevili
signifikantni vztah. Tyto vysledky jsou v rozporu s metaanalyzou péti studii (Ramlau-
Hansen et al., 2007) a také s dalsi rozsahlou studii (Kiinzle et al., 2003), ve kterych bylo
zjisténo, Ze koureni tabaku mé negativni vliv na koncentraci spermii. Tyto studie byly vSak
provedeny na velkém pocétu muzii (n = 2 542 a 2 105). Je tedy mozné, ze jsme v nasi studii
efekt koureni na parametry spermii neobjevili z diivodu malého vzorku dat. Prevalence
toxoplazmozy se mezi kuraky a nekuraky signifikantné nelisila. V dal$ich analyzach jsme
provedli separatni analyzy pro kurdky a nekurdky. Zjistili jsme vySSi prevalenci
toxoplazmoézy u muzl s patologii ve spermatu ve srovnani s prevalenci u muzi bez
patologie, ale pouze u kuraki. Stejné tak pouze u kurakti byla vyssi prevalence ve
skupinach muzi s jednotlivymi typy poruch oproti prevalenci u muzii bez patologie ve
spermatu. Nejvice muzii s patologii ve spermatu bylo mezi kuradky s toxoplazmézou
anejméné mezi kuraky bez toxoplazmoézy. Toxoplazmoza korelovala s kvalitou spermii
pouze u kurakd, nikoli u nekuraki. Vysledky této studie naznacuji, ze kombinované tcinky
toxoplazmozy a kouteni tabaku mohou zhorsit negativni dopad na parametry spermatu
muzu.

Zhorseni parametrii spermatu u muzi mize byt bud vedlejsim G¢inkem mnoZzeni T. gondii
v téle hostitele, zejména v jeho imunitné privilegovanych reprodukénich organech, a nebo
diisledkem manipulaéni aktivity parazita (Barnard and Behnke, 1990) zaméiené na
zvySeni pravdépodobnosti prenosu pohlavni cestou, ktery byl podrobnéji diskutovan vyse.
SniZzena schopnost infikovanych muz pocit dité by mohla vést k vyssi frekvenci
pohlavniho styku, a tedy i ke zvySené miie pfenosu parazita pohlavni cestou. Neni vSak
jasné, zda by tato manipulace mohla fungovat pouze v moderni lidské spole¢nosti nebo

také u zvirecich mezihostitelt parazita.

2.6.1. Vliv Toxoplasma gondii na hladiny testosteronu

Negativni vliv T. gondii na reprodukéni funkce hostitele by mohl souviset se zménami
v hladinach pohlavnich hormoni souvisejicich s toxoplazmoézou (Abdoli et al., 2012;
Achermann and Jameson, 1999; Khaki et al., 2011; Oktenli et al., 2004; Stahl and Kaneda,
1998). Zasadni roli ve vyvoji muzskych pohlavnich organt hraje testosteron, ktery je
nezbytny pro normalni spermatogenezi. Radime jej mezi androgeny vznikajici prevazné
v muzskych pohlavnich zlazach, nadledvinach a mozku. Androgeny jsou také potirebné pro
tvorbu svalti, slozeni té€la, mineralizaci kosti, metabolismus tukii a kognitivni funkce.

Androgenni receptor se nachazi ve vSech muzskych pohlavnich organech a mize byt
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stimulovin  bud  testosteronem, nebo jeho  potencidlnim  metabolitem
dihydrotestosteronem. Defekty androgenniho receptoru mohou narusit pohlavni vyvoj

a reprodukeci muzt (Dohle et al., 2003).

Vysledky studii vlivu toxoplazmézy na hladiny testosteronu u zvifat jsou nejednotné.
Hladina sérového a testikularniho testosteronu se u dospélych samct potkant snizila
10. den po nakaze T. gondii a v dalsich dnech se vratila na normélni hladinu v porovnani
s kontrolami (Abdoli et al., 2012). Vjiné studii byla u Toxoplasma-pozitivnich potkanit
oproti Toxoplasma-negativnim kontrolam nameérena nizsi hladina testosteronu v séru
30. den po nakaze (Khaki et al., 2011). Podobné i Karilkova et al. (2011) pozorovali nizsi
hladinu sérového testosteronu u samct mysi testovanych dva mésice po akutni fazi infekce

v porovnani s neinfikovanymi kontrolami.

SniZeni hladin tohoto hormonu miize byt adaptivni reakci mysi na infekci T. gondii
(Kankova et al., 2011), jelikoZ vysoka hladina testosteronu ma imunosupresivni aéinky
(Roberts et al., 2001; Schuster and Schaub, 2001). S témito vysledky souhlasi i studie
(Laubach et al., 2022), ktera zkoumala vztah toxoplazmédzy a hladin sérového testosteronu
u volné zijici populace hyen skvrnitych — nizsi hladina testosteronu byla zjiSténa
u nakaZenych nedospélych samic a dospélych samcii hyen oproti nenakazenym jedinctim.
V dalsi studii pozorovali naopak zvyseni hladiny sérového a testikularniho testosteronu

Toxoplasma-pozitivnich potkant mezi Sesti a osmi tydny po infekci (Lim et al., 2013).

Zajimavé vysledky v souvislosti s vlivem T. gondii na hladiny testosteronu prinasi studie
(Staurengo-Ferrari et al., 2021), ve které autori infikovali mysi Leydigovy bunky 7. gondii
a mérili zmény v hladinach testosteronu v supernatantu bunék ve 3, 6, 24 a 48 hodinach
po nakaze. Nejenze byla hladina testosteronu vyssi v infikovanych bunkach, ale dokonce
se s Casem jesSté zvySovala. Leydigovy bunky produkujici testosteron hraji klicovou roli
v sam¢i reprodukci (Walker, 2011) a jejich poskozeni tedy miiZze ohrozit muzskou plodnost

(Yang et al., 2015).

Studie vlivu toxoplazmézy na hladiny testosteronu u lidi také prinaseji nejednotné
vysledky. Ve studii pripadii a kontrol méli muzi s latentni toxoplazmoézou signifikantné
nizsi hladinu testosteronu v krevnim séru nez Toxoplasma-negativni muzi (Eslamirad et
al., 2013). Koncentrace testosteronu ve slinach Toxoplasma-pozitivnich muzi byla naopak
vyznamné vys$i nez u Toxoplasma-negativnich muzi (Flegr et al., 2008). V dalsich dvou
studiich autofi pozorovali vys$si hladinu testosteronu v krevnim séru Toxoplasma-
pozitivnich muzl i Zen oproti Toxoplasma-negativnim jedinciim (Shirbazou et al., 2011;

Zouei et al., 2018). Vyss$i hladinu sérového testosteronu u nakazenych muzi popisuje také
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studie provedena na studentech (Borraz-Leon et al., 2021). V této studii se vSak hladina

sérového testosteronu nelisila mezi nakazenymi a nenakazenymi zenami.

Vliv toxoplazmoézy na hladiny testosteronu byl dale diskutovan ve studiich, ve kterych
autori pozorovali vétsi télesnou vysku (Flegr et al., 2005) a vyS$si vnimanou dominanci
(Hodkova et al., 2007) u mladych Toxoplasma-pozitivnich muzii ve srovnani s kontrolami,

coz neprimo znaci zvySené hladiny testosteronu u nakazenych muz.

Vysledky studii hladin testosteronu zavisi na dobé od nakazy T. gondii a také na typu
meéfeného testosteronu. Af uz hladiny testosteronu 7. gondii snizuje ¢i zvySuje,
pravdépodobné tim mtze ovliviiovat plodnost hostitele. Mechanismem, kterym by
T. gondii mohla regulovat syntézu testosteronu, je zvySeni exprese mRNA receptoru
luteiniza¢niho hormonu a enzymi, které se tcastni syntézy testosteronu (Lim et al., 2013).
Na hladiny samcéich pohlavnich hormont ma vliv také nadprodukce reaktivnich forem
kysliku (Darbandi et al., 2018), ktera doprovazi infekci T. gondii, jelikoz dtlezitou roli

v obrané hostitele hraji cytokiny aktivované makrofagy (Munoz et al., 2011).

2.6.2. Vztah mezi Toxoplasma gondii a depresivitou v zavislosti na problémech
s plodnosti

S neplodnosti byvaji mimo jiné spojovany také deprese a tzkosti (Rooney and Domar,
2018). Metaanalyza ukazala vyssi skory deprese a izkosti u neplodnych part v porovnani
s plodnymi pary (Fallahzadeh et al., 2019). Vys$si mira stresu spojena s neplodnosti (Bayley
et al., 2009) a vySs$i mira deprese (Faramarzi et al.,, 2013) mérenad pomoci Beckova

dotazniku na depresivitu (Beck et al., 1996) byly pak pozorovany vice u Zen nez u muzi.

Latentni infekce neurotropickym patogenem T. gondii je spojovana se specifickymi vlivy
na osobnost ¢loveéka (Flegr et al., 2000; Flegr and Havlicek, 1999) a jeho chovani (Flegr,
2007; Flegr et al., 1996; Lindova et al., 2006, 2010). Nékolik studii se zabyvalo vlivem
latentni toxoplazmoézy na deprese, ale jejich vysledky jsou nekonzistentni. Naptiklad
Toxoplasma-pozitivni psychiatricti pacienti méli vyssi skér depresivity méfeny pomoci
Beckova dotazniku na depresivitu (BDI) nez Toxoplasma-negativni psychiatriéti pacienti
(Kamal et al., 2020). Studie pripadi a kontrol (Alvarado-Esquivel et al., 2016) a také
prifezova studie (Al-Hussainy et al., 2015) ukazaly, Ze psychiatric¢ti pacienti trpici depresi
byli signifikantné cast€ji nakazeni toxoplazmo6zou nez kontrolni skupina netrpici depresi.
Dalsi studie zjistily spojitost mezi toxoplazmoézou a symptomy deprese u vale¢nych

veteranek (Duffy et al.,, 2015) a také u téhotnych Zen (Groér et al.,, 2011).
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Na reprezentativnim vzorku finské populace byly zjistény vyssi BDI skory u Toxoplasma-
pozitivnich Zen nez u Toxoplasma-negativnich Zen (Suvisaari et al., 2017). Na druhou
stranu prifezova studie provedend na ceské populaci prichazi se zjisténim, ze
Toxoplasma-pozitivni muzi se zdaji byt chranéni pred unipolarni depresi (Flegr, 2015). Ale
v dalsi studii nenasli zddnou souvislost mezi séroprevalenci T. gondii a historii deprese
(Pearce et al., 2012). Metaanalyza 29 studii ukéazala, Ze by toxoplazmoéza nemeéla byt
povazovana za rizikovy faktor pro pacienty s depresi (Nayeri Chegeni et al., 2019) a dalsi
metaanalyza 50 studii (Sutterland et al., 2015) ani ekologicka studie (Flegr et al., 2014b)

nenasly zZadnou signifikantni souvislost mezi toxoplazmoézou a depresi.

Ve studii (Hlavacova et al., 2021a), ktera je soucasti této diserta¢ni prace, jsme nenalezli
zadny statisticky vyznamny rozdil v BDI-II skoérech mezi Toxoplasma-pozitivhimi
a Toxoplasma-negativnimi Zenami a ani mezi Zenami s diagnostikovanymi poruchami
plodnosti a Zenami bez poruch. V podsouboru Zen bez poruch plodnosti vsak mély
nakazené Zeny vyssi skory depresivity nez nenakazené Zeny. Tyto vysledky jsou v souladu
se studiemi, které prokazaly vyssi hladiny deprese u Toxoplasma-pozitivnich veteranek

(Dulffy et al., 2015) a t€hotnych Zen (Groér et al., 2011).

Dale v celkovém souboru muzi a podsouboru muzi s patologickym spermiogramem méli
Toxoplasma-pozitivni muzi nizsi skory depresivity nez Toxoplasma-negativni muzi.
Stejné jako vysledky drive publikovanych studii (Flegr, 2015; Flegr et al., 2018), tak i nase
vysledky naznacuji, Ze nakazeni muzi by mohli byt chranéni pred depresi. Infekce hostitele
je charakterizovana zvySenymi hladinami IL-10 (Gaddi and Yap, 2007; Kankova et al.,
2010; Matowicka-Karna et al., 2009), které mohou snizit depresi prostirednictvim
imunosupresivnich a protizanétlivych aktivit (Deckert-Schliiter et al., 1997; Wilson et al.,
2005). Tento mechanismus sam o sobé vSak nemiize vysvétlit, pro¢ nebyl pozorovan
ochranny u¢inek toxoplazmézy proti depresi u Zen, a pro¢ Toxoplasma-pozitivni Zeny bez
problémi s plodnosti mély vyznamné vyssi skore depresivity nez Toxoplasma-negativni

Zeny.

Nase vysledky (Hlavacova et al., 2021a) ukazuji, Ze latentni toxoplazmoza ovliviiuje miru
depresivity u muzi a Zen opac¢nym smeérem — u Zen se zvySuje a u muzi klesa. Vyznamné
rozdily v ti¢inku latentni toxoplazmdzy mezi muzi a Zenami byly pozorovany i v souvislosti
se zménami osobnosti (Flegr et al., 1996, 2000; Flegr and Havlicek, 1999; Flegr and Hrdy,
1994). Zda se, ze Toxoplasma-pozitivni muzi méné dodrzuji pravidla a jsou podeziivavejsi,

zarlivéjsi a dogmaticét€jsi nez Toxoplasma-negativni muzi, zatimco Toxoplasma-pozitivni

Zeny jsou srdecnéjsi, pohodovéjsi, svédomitéjsi, vytrvalejsi a moralisti¢té€jSi nez
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Toxoplasma-negativni Zeny. Zmény v chovani a osobnosti nakazenych jedincti by mohly
byt ovlivnény také zménami v hladinach testosteronu, o kterych byla re¢ v predeslé

kapitole.

Pohlavné zavislé behavioralni reakce na infekci 7. gondii by mohly byt vysvétleny
odliSnymi reakcemi muzl a Zen na chronicky stres spojeny s celozivotni infekei (Lindova
et al., 2006, 2010). Zeny se obvykle vyrovnavaji se stresem tak, Ze vyhledavaji a poskytuji
socialni podporu (Carver et al., 1989; Rosario et al., 1988; Stone and Neale, 1984), zatimco
muzi vyuzivaji vice individualistickych a antisocialnich strategii (Carver et al., 1980;
Hobfoll et al., 1994). Rozdil mezi muzskou odpovédi na stres ,bojuj nebo utec” a zenskou
odpovédi ,starej se a spratel se“ prameni z potfeby Zen chranit déti a udrzovat socialni
vztahy (Taylor et al., 2000). Mezi pohlavimi existuji také fyziologické rozdily ve stresovych
reakcich osy hypotalamus-hypofyza-nadledviny (Kudielka and Kirschbaum, 2005).
Mechanismy souvisejici se stresem by tedy mohly hrat roli v pozorovanych rozdilech

v ucinku toxoplazmézy na skory depresivity u muzi a Zen.

Nékteré vyse uvedené studie zkoumaly vztah mezi toxoplazmo6zou a depresi bez ohledu na
pohlavi participanti (Kamal et al., 2020; Nayeri Chegeni et al., 2019). Nase studie
(Hlavacova et al., 2021a) se podoba studii provedené na finské populaci (Suvisaari et al.,
2017) a to ve dvou hlavnich ohledech. V obou studiich byla depresivita mérena pomoci
Beckova dotazniku na depresivitu (Beck et al., 1996), a také byly odhaleny pohlavni rozdily

ve vlivu toxoplazmozy na depresivitu.
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3. Zaver

3.1.  Pohlavni prenos Toxoplasma gondii

Toxoplazmoéza je velmi rozsifena parazitoza u lidi, ktera postihuje priblizné tetinu svétové
populace. Kromé klasickych zdroji infekce u lidi je v posledni dobé diskutovan pohlavni
prenos parazita, ktery jiz byl potvrzen u krys (Dass et al., 2011), kralika (Liu et al., 2006),
ovci (Consalter et al., 2017; de Moraes et al., 2010; Lopes et al., 2013), koz (Santana et al.,
2013; Wanderley et al., 2013) a pst (Arantes et al., 2009). Hypotézu pohlavniho pfenosu

T. gondii u lidi ale podporuji jen neptimé dikazy:

- Pozitivni korelace mezi prevalenci toxoplazmozy a prevalenci nékterych sexualné
pirenosnych chorob (Flegr et al., 2014a).

- Pozitivni korelace mezi toxoplazmézou a mnozstvim nechranéného pohlavniho
styku (Flegr et al., 2014a).

- Vyssi prevalence toxoplazmozy u muzi s historii sexualni promiskuity (Alvarado-
Esquivel et al., 2021)

- Vyssi pocet sexualnich partnerti u nakazenych zen (Borraz-Leon et al., 2022).

- Vyssi prevalence toxoplazmozy u sexualnich pracovnic (Alvarado-Esquivel et al.,
2015).

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

- Dvé tretiny infekci nevysvétlenych znamymi rizikovymi faktory (Petersen et al.,
2010).

- Vysokd prevalence toxoplazmézy u otci kongenitdlné nakazenych déti

(Contopoulos-Ioannidis et al., 2015).

Ve studii (Hlavacova et al., 2020), ktera je soucasti této disertacni prace, jsme zjistili, Ze
jednim z rizikovych faktort pro nakazu T. gondii u zen byla Toxoplasma-séropozitivita
jejich sexualniho partnera. Pro muze vSak Toxoplasma-séropozitivita jejich sexualni
partnerky rizikovym faktorem nebyla. Nase vysledky tak podporily hypotézu

jednosmeérného prenosu z muzi na Zeny pohlavni cestou.

V publikaci (Kankova et al., 2020), ktera je také soucasti této prace, jsme navrhli hypotézu,
ktera 1ika, Ze k pienosu T. gondii a nakaze miize dochazet béhem oralniho sexu v ptipade,
zZe neinfikovany jedinec pozre ejakulat infikovaného muze. Pokud by ejakulat obsahoval
tkanové cysty, lze ocekavat podobny zptisob infekce jako pii pozieni syrového masa

s tkanovymi cystami. Kromé nepiimych diikazi podporujicich pohlavni pfenos parazita
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vypsanych vySe existuji jesté dalsi nepiimé diikazy podporujici pienos parazita béhem

oralniho sexu:

- Vyssi prevalence toxoplazmoézy u zen i muzi, ktefi uvadeli, ze praktikovali felaci
s muzi (Kankov4 et al., 2020).

- Vyssi prevalence toxoplazmozy u zen ve srovnani s muzi u adolescentti ve véku 10
az 14 let (Kodym et al., 2000), u kterych je oralni sex véetné felace vysoce rozsiren,
zvlasté u téch, u kterych jesté nedoslo k penetra¢nimu styku (Copen et al., 2012;

Stone et al., 2006).

Je otéazkou, jak casto mize kinfekci T. gondii pohlavni cestou dochazet. V prilozené
submitované studii (Tong et al., submitted) jsme jako prvni prokazali pritomnost
tkanovych cyst T. gondii ve spermatu muzi s latentni toxoplazmoézou. Neni ale znamo, jak
Casto jsou paraziti pritomni v ejakulatu a v jakém mnozstvi se do ejakulatu dostavaji. Je
mozné, Ze se parazit do ejakulatu dostava kontinualné se spermiemi nebo se sekretem ze
semennych vackd. Neni také znamo, jaka velikost infek¢éni davky je zapotiebi k nakaze

jedince.

V budoucich studiich by bylo diilezité hypotézu prenosu 7. gondii béhem oralniho sexu
experimentalné prokazat. Z etickych diivodii neni mozné provést takovy pokus na lidech.
Idealnim experimentem by bylo podat mysim kmene citlivého k nikaze T. gondii ejakulat
od infikovanych muzli, a poté mysi sérologicky vySetrit na pritomnost protilatek proti

T. gondii.

Budouci vyzkum pohlavniho ptenosu T. gondii je velmi diilezity, jelikoz toxoplazmoza stale
neni povazovana za pohlavné prenosnou nemoc u lidi. Jestlize by k nému ale dochézelo,
nechranény pohlavni styk by mohl vést kinfekci Zen. V pripadé nédkazy Zen pred
otéhotnénim nebo v dobé téhotenstvi by nasledné mohlo dochézet k infekei plodu, a tedy
k nejzavazné€jsi form€ nemoci, kongenitalni toxoplazmoéze. Mnoho lidi si uvédomuje
obecna zdravotni rizika nechranéného pohlavniho styku. Je otazkou, kolik z nich eviduje
piipadna rizika infekce patogeny pii oralnim sexu. Pokud pohlavni styk vcetné oralniho
sexu s infikovanymi muzi skutecné predstavuje vyznamny rizikovy faktor pro ziskani
toxoplazmézy, bylo by vhodné, kdyby byli mladi lidé a t€hotné Zeny prinejmensim

informovani o zdravotnich rizicich.

21



3.2. Vliv Toxoplasma gondii na plodnost ¢loveka

Kromé mozného pohlavniho prenosu T. gondii byl druhou velkou problematikou
studovanou vtéto praci vliv toxoplazmoézy na plodnost cloveka. Neprimé dikazy

negativniho vlivu toxoplazmoézy na plodnost muzi poskytuji nasledujici studie:

- Vyssi prevalence toxoplazmézy u neplodnych part (Zhou et al., 2002).

- Vyssi prevalence toxoplazmézy u neplodnych muzi (Qi et al., 2005).

- Vyssi hladina protilatek proti spermiim u Toxoplasma-pozitivnich muzi (Zhou et
al., 2002).

- Toxoplasma-pozitivni muzi méli méné déti nez Toxoplasma-negativni muzi (Flegr

and Preiss, 2019).

Ve studii (Hlavacova et al., 2021b), ktera je soucasti této disertacni prace, jsme zjistili, Ze
latentni toxoplazmébza negativné ovliviiuje nékteré parametry plodnosti, konkrétné pocet
a pohyblivost spermii, nikoli vS§ak morfologii spermii a objem spermatu. Negativni vliv
latentni toxoplazmoézy na parametry spermatu byl silnéjsi u subpopulace kuraki.
Pomineme-li pilotni studii (Colosi et al., 2015) provedenou na malém vzorku muzi, tato
studie jako prvni prokazala specificky vliv T. gondii na parametry plodnosti u muzi, jelikoz
byla tato problematika zatim podrobné studovana pouze u zvirat. AvSak asociace nemusi
nutné znamenat kauzalitu. SniZena plodnost pravdépodobné nezvySuje riziko nakazy
T. gondii, ale je mozné, Ze n€které dalsi faktory, jako je imunita nebo Zivotni styl, by mohly
zvysit riziko infekce i riziko snizené plodnosti. Obecné lze Fici, Ze studovat priciny
neplodnosti je velmi obtizné, protoze do této problematiky vstupuje mnoho genetickych
a environmentéalnich faktori a jejich vzijemné plisobeni. Kviili tomu je obtizné zkoumat
mechanismus neplodnosti u lidi pomoci pozorovacich studii. Na druhou stranu latentni
toxoplazméza postihuje asi jednu tietinu svétové populace. Prestoze miize byt jeji vliv na
lidskou reprodukci na drovni jednotlivet maly, mize byt dtlezity na trovni velkych
populaci (Dama et al., 2016). Vysledky nasi studie naznacuji, Ze by se v budoucnosti meélo

vénovat vice pozornosti studiu vlivu latentni toxoplazmoézy na reprodukéni funkce muzi.

Toxoplasma gondii by pravdépodobné mohla ovliviiovat plodnost hostitele
prostfednictvim zmén v hladinach testosteronu. Vysledky vlivu toxoplazmézy na hladiny
testosteronu jsou nejednotné, ale lze tici, ze zavisi na dobé od nékazy a typu méreného
testosteronu. Je ovsem diilezité zminit, Ze ndkaza T. gondii a hladiny testosteronu se
mohou vzajemné ovliviiovat. T. gondii by mohla meénit hladinu testosteronu, a tim
osobnost a chovani lidi, ale zaroven nelze vyloucit moznost, Ze se lidé s uréitym typem

osobnosti a chovani dostavaji do vétsiho rizika styku se zdrojem infekce T. gondii. Tuto
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kauzalitu mizeme velmi téZce testovat u lidi, u kterych ¢asto nezname piesnou dobu
nakazy. Nicméné studie na laboratornich zviratech (Abdoli et al., 2012; Kankova et al.,
2011; Khaki et al., 2011; Lim et al., 2013) a také in vitro (Staurengo-Ferrari et al., 2021)

opakované prokazaly, Ze ke zménam v hladinach testosteronu dochazi az po nakaze.

S neplodnosti byvaji mimo jiné spojovany také deprese a uzkosti (Rooney and Domar,
2018). Studii zabyvajici se vlivem latentni toxoplazmoézy na deprese jsou nekonzistentni,
ale latentni toxoplazméza byva spojovana se specifickymi vlivy na osobnost ¢loveéka (Flegr
et al., 2000; Flegr and Havlicek, 1999) a jeho chovani (Flegr, 2007; Flegr et al., 1996;

Lindova et al., 2006, 2010).

V prilozené studii (Hlavacova et al., 2021a) jsme ukazali, ze toxoplazmoéza ovliviiuje
depresivitu u muzi a Zen opa¢nym smeérem. Zda se, Ze u muzi ji sniZuje a u Zen zvysuje.
Tato interakce mezi toxoplazmo6zou, pohlavim a depresi by mohla pomoci vysvétlit
nekonzistentni vysledky predchozich studii tykajicich se stejného tématu a velkou
heterogenitu vysledkti uvadénych v metaanalytickych studiich. Vysledky studii totiz patrné
zavisi také na poméru muzi a Zen ve studovaném vzorku. Nase vysledky naznacuji, ze
v budoucich studiich vlivu toxoplazmozy na depresi u lidi by data muzii a zen méla byt vzdy
analyzovana oddélené. Zmény v chovani a osobnosti jedinct nakazenych T. gondii
v zavislosti na pohlavi by mohly byt ovlivnény zménami v hladinach testosteronu. Dalsim
vysvétlenim jsou také odlisSné reakce muzii a Zen na chronicky stres spojeny s celozivotni

infekei (Lindova et al., 2006, 2010).

Ve studiich na lidech je obtizné primo testovat smeér kauzality. Pozorované zmeény
v chovani, osobnosti a parametrech plodnosti ¢lovéka souvisejicich s toxoplazmoézou by
mohly byt bud’ pricinou nebo nasledkem nakazy. Zmény zpiisobené T. gondii tedy mohou
byt bud vedlejsimi acinky patologickych procest v téle infikovaného hostitele, a nebo
produktem jiz zminéné manipulac¢ni aktivity parazita (Barnard and Behnke, 1990),
zameérené na zvySeni pravdépodobnosti prenosu do definitivniho hostitele. Je vsak také
mozné, Ze se jedinci mohou lisit ve vnimavosti k infekci 7. gondii nebo vykazovat rtizné
urovne rizikového chovani, které vedou k vétsi pravdépodobnosti ziskani infekce. Vysledky
longitudinalnich studii u lidi (Flegr et al., 1996, 2000) a experimentti na laboratornich
zviratech (Skallova et al., 2006; Vyas et al., 2007a, 2007b) a Simpanzich (Poirotte et al.,

2016) vSak podporuji hypotézu zmén vyvolanych infekei.
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ABSTRACT

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].
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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
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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: g, 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 northern Africa. 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
cardiac muscles, 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% 1in 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-a
and interferon-y, 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 7ox-
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 in men who have sex with men (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
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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 (35 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-Krélovo Pole,
Czech Republic). A negative result of both tests indicated
the person was not infected with 7. 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 [gM 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 hi§her than the propor-
tion of infected men (26% vs. 24.1%; .~ =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 women with infected male
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 x> test.
The difference in prevalence between these 2 groups of
women was significant (x2 = 4.016; df = 1; P = 0.045).
Women with infected male 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
1 =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
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Table 1.
Prague, Czech Republic, 2016-2018

Distribution of Answers to Selected Questionnaire Questions in Toxoplasma-Positive and Toxoplasma-Negative Men and Women,

Respondents’ Answers

Risk Factors 4
No. % No. % No. % No. % No. % No. % No. %

Childhood residence

TPW 27 229 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 6.3 135 274

TPM 28 29.8 15 16 20 21.3 11 1.7 4 4.3 16 17

TNM 70 13.8 58 1.4 160 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 1 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 17 177 20 20.8 18 18.8 5 5.2 3 3.1 2 241

TNM 204 39.8 90 176 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 76 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 1.4 5 41

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 31 254 32 26.2 38 31.2

TNW 13 2.6 14 2.8 50 10 126 25.2 1 222 186 37.2

TPM 1 1.1 2 2.2 2 2.2 1 11.8 28 30.1 49 52.7

TNM 13 2.6 13 2.6 36 72 93 18.5 110 219 237 472

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 x 2 test. We found no significant
difference in prevalence between the 2 groups (x> = 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
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not reveal an association between seropositivity of both
partners (partial T =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
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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% ClI P Value P’ Value®
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: Cl, confidence interval; PR, prevalence ratio.
2 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 in men (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 in women than in men. 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’ Value?
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: Cl, confidence interval; PR, prevalence ratio.
2 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 1gG 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 arole 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
compared with 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

Am J Epidemiol. 2021;190(3):386-392

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%),
T =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.
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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.! Approximately
one third of infertility cases in couples are attributed primarily to
women, one third to men, and one third to female-male interaction.?
In up to 50% of infertile men, the cause of infertility remains un-
known.® 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,” and overproduction of reactive oxygen species, which may
likewise negatively affect sperm quality.®

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.”° 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.” The prevalence in the male population of the Czech Republic
tested between 2000 and 2004 was 23%.! 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.” Aside from that, oocysts form in the small intestine of the
definitive host, usually cats, and are released with faeces into the

t.12 Common sources of infection include food or water

environmen
contaminated by cat faeces containing oocysts and consumption
of tissue cysts in raw or undercooked meat of intermediate hosts.”
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.'®
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.” 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 rabbits’* and male goats,15 while
Toxoplasma cysts have been observed in the epididymis and semen
of male rats'® and in the testes of male mice.r” Tachyzoites have

been found in the semen as well as testicular and epididymis samples
of dogs with acute toxoplasmosis'® and Toxoplasma was found in the

2 as well as in

testes, seminal vesicles and semen samples of bovines
the epididymis and seminal vesicles of pigs.?°

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.?>?? 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.”” 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.?®

Toxoplasma has also been found in the reproductive organs of
men and several studies report that it affects male fertility. Haskell
et al.?* found tachyzoites of Toxoplasma gondii in the testes of an
HIV-positive man and Wong et al.2° 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.?® The
presence of anti-sperm antibodies in the semen significantly reduces
sperm motility and concentration.?” 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%.2% Several studies made links between male genital
damage and testicular toxoplasmosis,?’ testicular inflammation,243°
and hypogonadotropic hypogonadism caused by congenital
toxoplasmosis.3!

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.%3

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) | 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
WHO?®* 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.%°
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.%” 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 Figshare“’3
(https://doi.org/10.6084/m9.figshare.12213749.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 =
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

5.5) ranging from 21 to 58 years, of whom 163

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 (r = 0.049; P = 0.029; one-sided test).
Adverse results of semen analyses were found in 48.47% of infected
163) and 42.29% of non-infected men (n = 506). Table 1

shows men divided in groups according to the type of disorder, while

men (n =

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 (r = -0.039; P = 0.068) and sperm quality (r = -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
(x2 = 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.

TABLE 1 Prevalence of toxoplasmosis (shown in parenthesis) in
groups of men according to the type of disorder

Toxoplasma-  Partial
Diagnosis n positive Kendallt 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.

TABLE 2 Prevalence of toxoplasmosis (shown in parenthesis) in
groups of men according to the results of semen examination

Toxoplasma-
n positive

Normozoospermia 376 4 (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%)

The prevalence of toxoplasmosis did not differ between smok-
ers (25.29%) and non-smokers (24.01%; 2 = 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 (t = 0.138; P = 0.007) and non-significantly correlated in
non-smokers (t = 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%
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FIGURE 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 countin 1 mL

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 (t = -0.150; P = 0.003), but not
in non-smokers (t = 0.014; P = 0.688). No significant correlations
existed between toxoplasmosis and total sperm count in smokers
(t = 0.040; P = 0.436) and non-smokers (t = -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 200411
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.?® 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,*® 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.’¢2° The authors of case
reports also found tachyzoites and bradyzoites of Toxoplasma gondii
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TABLE 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 t P value
All (n = 669)
semen volume ~toxoplasmosis -0.007 0.395?
sperm concentration ~toxoplasmosis  -0.053 0.020*°
concentration of progressively motile -0.053 0.020*"
sperm ~toxoplasmosis
concentration of non-progressively -0.044 0.045%P
motile sperm ~toxoplasmosis
concentration of immotile sperm -0.038 0.146
~toxoplasmosis
percentage of sperms with normal -0.029 0.135?
form ~toxoplasmosis
Smokers (n = 174)
semen volume ~toxoplasmosis 0.101 0.049
sperm concentration ~toxoplasmosis  -0.081 0.116
concentration of progressively motile -0.103 0.043
sperm ~toxoplasmosis
concentration of non-progressively -0.043 0.397
motile sperm ~toxoplasmosis
concentration of immotile sperm -0.036 0.477
~toxoplasmosis
percentage of sperms with normal -0.086 0.092
form ~toxoplasmosis
Non-smokers (n = 379)
semen volume ~toxoplasmosis -0.069 0.047
sperm concentration ~toxoplasmosis  -0.056 0.103
concentration of progressively motile -0.046 0.183
sperm ~toxoplasmosis
concentration of non-progressively -0.075 0.030
motile sperm ~toxoplasmosis
concentration of immotile sperm -0.046 0.181
~toxoplasmosis
percentage of sperms with normal -0.026 0.513

form ~toxoplasmosis

?One-sided P values.

PResults that remained significant after the correction for multiple
tests.

in the testes of men.?*?> Infection with this parasite is accompanied
by a Thl 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.*’ Excessive production of reactive oxygen species
can, however, adversely affect sperm quality,® and indeed, up to 80%
of infertile patients have elevated levels of reactive oxygen species in
their semen samples.*° 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,
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another immune-privileged organ.*! 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.** Similarly, Kaikova et al.** 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.*® 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.*? 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,® sheep,’® goats,’? dogs*® and rabbits.>?
Hypotheses of the existence of Toxoplasma transmission during
sexual intercourse®® and oral sex®* 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,* sex workers®® and fathers of
congenitally infected children.®” 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.”” 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 attractiveness'® and phenotypic changes
in male rats analogical to those observed in infected men, namely
higher visual dominance®® and stature of infected male students taller
by 3 cm than that of controls,*” 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.
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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.®%¢?
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.®? 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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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 20162018,
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 Karikova 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]. Hlavacova 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).
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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 (x? = 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%, x> = 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 9.2 164 59 6.4
Toxo-neg. 492 8.8 8.3 0.018 0.06 0.494 513 74 74 —0.075 0.25 0.003
Fertile 146 8.6 8.5 356 6.7 6.7
Infertile 311 9.7 91 0.053 0.16 0.089 275 79 73 0.028 0.09 0.295
Fertile, toxo-pos. 38 109 9.4 80 5.9 6.1
Fertile, toxo-neg, 108 7.8 g1 0145 048 0010 7 69 68 048 0.16 0.173
Infertile, toxo-pos. 82 10.0 9.5 76 5.2 5.9
Infertile, toxo-neg. 229 9.6 90 0014 0.03 0.717 199 8.0 7y 0152 048 <0.001
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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-1I (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 x2 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 x2 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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