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s u m m a r y 

Objectives: Toxoplasma gondii is a widely prevalent protozoan parasite in human populations. This par- 

asite is thought to be primarily transmitted through undercooked meat and contamination by cat feces. 

Here, we seek to determine if Toxoplasma gondii cysts can be found within human semen. 

Methods: We used a mixture of histological and immunofluorescence stains to visualize Toxoplasma gondii 

cysts in thin smears of human semen. Further, we probed for presence of bradyzoite-specific mRNA tran- 

scription using in-situ hybridization. 

Results: We visualized Toxoplasma gondii cysts in ejaculates of immune-competent and latently infected 

human volunteers. We confirmed the encystment by probing transcription of a bradyzoite-specific gene 

in these structures. These observations extend previous observations of the parasite in semen of several 

non-human host species, including rats, dogs, and sheep. 

Conclusions: Toxoplasma gondii infection is a clinically significant infection, in view of its high prevalence, 

its purported role in neuropsychiatric disorders such as schizophrenia, as well as in the more serious form 

of congenital toxoplasmosis. Our demonstration of intact Toxoplasma gondii cysts in the ejaculate supports 

the possibility of sexual transmission of the parasite and provides an impetus for further investigations. 

© 2022 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Toxoplasma gondii (thereafter Toxoplasma ) is a protozoan and in- 

racellular parasite with a two-stage life. 1 Its range of intermediate 

osts includes a wide variety of homeothermic animals, including 

ivestock, humans, and human commensals. Sexual reproduction or 

ametogenesis is confined to the gut of members of the cat fam- 

ly Felidae. 2 Toxoplasma is one of the most prevalent human par- 

sitic infections, with epidemiological studies suggesting a preva- 

ence rate of ∼30–40% worldwide. 3 Prevalence is estimated to be 

11% in the USA and 17% in Singapore, with some geographical lo- 

ations reporting a prevalence rate as high as 70%. 3-5 

Toxoplasma differentiates into fast-dividing tachyzoites during 

he acute phase of the infection, disseminating in a wide range of 

issue types. As the host body mounts an immune response and 

nflammation, Toxoplasma migrates to immune-privileged sites like 

he brain and eyes. Here it differentiates into bradyzoites housed 
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ithin tissue cysts, characterized by slow division and quiescent 

etabolism. 1 These tissue cysts go through periodic recrudescence 

nd cycles of immune response and re-encystment. The serological 

resence of anti- Toxoplasma IgG antibodies is often used as a proxy 

or the presence of latent Toxoplasma infection. Immune-competent 

umans typically do not display overt clinical symptoms. 6 There- 

ore, toxoplasmosis is commonly thought of as a latent and clin- 

cally asymptomatic infection with lifelong persistence. However, 

his perspective is undergoing revision at present. Several reports 

f retrospective and prospective studies associate Toxoplasma infec- 

ion status with an increased risk of developing neuropsychiatric 

isorders including bipolar disorder, addiction, obsessive compul- 

ive disorder and schizophrenia. 7-13 

Humans are primarily infected through exposure to cat feces or 

y consuming undercooked meat containing parasitic cysts. 14 Ver- 

ical transmission from acutely infected mothers to the develop- 

ng fetus and organ transplants are other possible modes of Tox- 

plasma transmission in humans. 15 Interestingly, there is growing 

vidence to non-human hosts that Toxoplasma can also be sex- 

ally transmissible. For example, Toxoplasma breaches the blood- 

estes barrier in rats and encysts within epididymis during latent 

nfection. 16 , 17 Toxoplasma in this host species transfers to the fe- 

ales through ejaculate and establishes chronic infection in both 
eserved. 
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emales and resultant offspring. Aside from rats, viable parasites 

ave been isolated from the semen of asymptomatic seropositive 

ogs 18 and goats. 19 Subsequently, female dogs and goats insem- 

nated with this infected semen test positive for anti- Toxoplasma 

ntibodies. Seroconversion is also achieved when female sheep 

re inseminated with Toxoplasma -spiked semen. 20 These strands of 

vidence in non-human species suggest that Toxoplasma can an- 

erogradely cross the blood-testes barrier, an uncommon ability 

mongst pathogens due to the highly impervious nature of this tis- 

ue barrier. 

Recently, epidemiological and therefore indirect evidence of 

ale-to-female sexual transmission in humans has been published. 

 study of sexual partners showed that seropositivity in men in- 

reases the risk of infection in women. 21 There are strong indices 

hat oral sex could be an important source of infection in hetero- 

exual women and homosexual men. 22 

Against this backdrop, we examined the possibility that live 

oxoplasma parasites can be ejaculated along with semen in 

mmunocompetent human subjects by examining the semen of 

eropositive immunocompetent men for the presence of the tissue 

ysts. 

aterials and methods 

ample collection 

Human volunteers were recruited from the Center for Assisted 

eproduction, Department of Obstetrics and Gynaecology of the 

irst Faculty of Medicine of Charles University and General Univer- 

ity Hospital in Prague, Czechia. The goal and experimental proce- 

ures of this study were explained to all participants. Volunteers 

igned informed consent before the participation. The mean age 

f the participants was 36 years (SD = 5.14; range: 26–54 years). 

thical approvals were obtained from institutional review boards in 

eneral University Hospital in Prague (#384/16; 92/17) and Faculty 

f Science, Charles University (#2015/29). 

Venous blood and semen samples were collected under aseptic 

onditions. Serum was separated from whole blood via centrifuga- 

ion (2500 rpm for 10 min) and stored at −20 °C before analysis. 

he full set of samples comprised 723 men, of which 172 were 

ound to contain anti- Toxoplasma IgG antibodies (23.8%). Pairs of 

emen and matched serum samples were shipped to Singapore on 

ry ice after obliterating volunteer identity. These shipments con- 

ained a subset of the collected samples and were artificially en- 

iched for seropositive participants. Numbers utilized in the stain- 

ng experiments are listed in successive paragraphs. The serological 

tatus was anonymized upon shipping. All procedures conducted in 

anyang Technological University were reviewed and approved by 

he institutional review board (#IRB-2017–11–021). 

erology 

Serum was examined for the presence of anti- Toxoplasma IgG 

ntibodies using commercial ELISA kits (Abcam). In line with the 

anufacturer’s recommendation, the amount of anti- Toxoplasma 

gG antibody above ≥ 35 U/mL was considered seropositive, and 

alues < 30 U/mL were categorized as seronegative. Values be- 

ween 30 to 35 U/mL were classified as equivocal and inconclusive. 

iemsa stain 

Semen samples from fifty individuals that were sero-positive 

or anti- Toxoplasma gondii IgG but sero-negative for IgM were used 

or Giemsa stain for preliminary visualization of the tissue cysts. 

0 μl of semen sample was pipetted onto ten Superfrosted glass 

lides (Fisher Scientific) after thawing. The semen sample was 
61 
meared across the glass slides and allowed to air-dry completely 

or an hour. Semen smear slides were stored at 4 °C prior to usage. 

Giemsa stain was carried out as previously described. 23 In brief, 

emen-smeared slides were fixed for 10 min in 100% methanol at 

oom temperature and then completely air-dried. The slides were 

hen stained by Giemsa stain (Sigma-Aldrich) for 45 min at room 

emperature. The working Giemsa stain was prepared at a 1:5 di- 

ution in phosphate-buffered saline and passed through a 0.45 μm 

yringe filter. After staining, the slides were rinsed with deionized 

ater and air-dried completely. Slides were coverslipped with a 

ountant and visualized in a microscope (Zeiss Live Cell observer 

ight microscope, 40X objective lens with a 1.2X digital magnifica- 

ion; total magnification = 400X). A semen sample was determined 

o be positive if > 1 of the ten slides exhibited visual evidence of 

he cyst-like structures. 

luorescence immunohistochemistry 

In order to specifically visualize cyst wall of Toxoplasma gondii 

ysts, semen samples from seropositive and seronegative individ- 

als were probed for lectin Dolichos biflorus agglutinin binding. 

amples from 66 seropositive subjects and 17 seronegative con- 

rols were used. None of the subjects included in the determina- 

ion were positive for IgM antibodies. Experimenters were blind to 

erostatus during the staining. 

Fluorescence immunohistochemistry was carried out as previ- 

usly described. 24 The human semen smear slides (5 μl volume) 

ere fixed in 4% paraformaldehyde (wt/vol, in buffered saline) for 

0 min at room temperature. Slides were then permeabilized in 

uffered saline containing 0.25% (v/v) Triton X-100 for 20 min. 

lides were blocked with bovine serum albumin for 1 h at room 

emperature (Sigma-Aldrich, 1% v/v). Smear slides were then incu- 

ated with rhodamine-labeled Dolichos biflorus agglutinin (Vector 

aboratories, dilution 1:100), a lectin that binds to carbohydrates 

ound in the Toxoplasma tissue cyst wall. Slides were then repeat- 

dly washed in buffered saline and air-dried. Slides were subse- 

uently coverslipped with a mountant containing DAPI to stain nu- 

lear boundaries (Life Technologies). Tissue cysts were visualized 

ith a laser scanning confocal microscope (Carl Zeiss LSM 710), 

sing a 40X objective lens with a 1.2X digital magnification (total 

agnification = 400X). 

n situ hybridization 

In-situ hybridization was performed on semen smears to vi- 

ualize messenger RNA known to be specifically transcribed from 

he Toxoplasma genome in bradyzoites within tissue cysts (BAG1 

RNA sequence; GenBank: X82213.1). RNAScope probes against 

AG1 mRNA were commercially obtained (ACDbio) using propri- 

tary techniques. A total of 12 semen samples were examined, of 

hich 10 were sero-positive for IgG and 2 were sero-negative con- 

rols. None of the samples originated from IgM positive individuals. 

xperimenters were blind to the serostatus. Glass-mounted semen 

mears were stained in accordance with supplier instruction, made 

vailable with the probes. A minus-probe negative control was in- 

luded. Slides were scanned using the Zeiss Live Cell observer light 

icroscope using a 40X objective lens with a 1.2X digital magnifi- 

ation (total magnification = 400X). 

esults 

istological visualization confirmed the presence of Toxoplasma cysts 

n the semen 

Initially, Giemsa stain was used to visualize Toxoplasma cysts 

n semen smears. Toxoplasma cysts can be easily identified in 
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Fig. 1. (A) Representative brightfield image depicting Giemsa-stained preparation 

of a Toxoplasma cyst within semen from a seropositive human male and a neg- 

ative control. Sperm cells are denoted by red arrows. Scale bar = 20 μm. (B) 

Magnified view of Toxoplasma cyst. (C) Cumulative distributions of Toxoplasma- 

seropositive volunteers showing microscopic evidence of Toxoplasma cysts. All 50 

samples showed the presence of Toxoplasma cysts as an increasing number of se- 

men slides was examined, reaching an asymptote at 100% concordance between 

serological presence of anti- Toxoplasma IgG antibodies and physical presence of Tox- 

oplasma cysts in the semen. (For interpretation of the references to colour in this 

figure legend, the reader is referred to the web version of this article.). 
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his staining preparation, characterized by a heavily stained inte- 

ior containing bradyzoites along with a lightly stained cyst wall 

 Fig. 1 A and B). 23 A subset of semen from fifty volunteers, previ-

usly determined to be seropositive for IgG antibodies, was used 

or this experiment. 

Ten glass slides were prepared by smearing a total of 50 μl of 

he sample. The presence of Toxoplasma was apparent in 35 out of 

0 cases when the first slide from each individual was stained and 

isualized containing five μl of semen. We then stained an addi- 

ional slide for 15 cases that did not show the presence of the par-
62 
site in the first instance, noting the presence of Toxoplasma in fur- 

her ten cases. Upon continuing this successive examination, all 50 

eropositive cases contained Toxoplasma cysts in ≥ 1 slide ( Fig. 1 C). 

We subsequently sought to confirm the identity of Toxoplasma 

ysts by staining the cyst wall with a lectin with a known affin- 

ty for wall carbohydrates. 24 A rhodamine-labeled Dolichos biflorus 

gglutinin was used for this purpose. We only examined a total 

olume of 5 μl of semen during this experiment. Differential inter- 

erence contrast showed evidence of fluorescent cyst wall encom- 

assing spherical cyst-like structures in the semen smears ( Fig. 2 ). 

ut of 66 distinct seropositive samples, 26 exhibited immunohis- 

ological evidence of Toxoplasma gondii cysts ( ∼39%). In contrast 

nly 2 out of 17 seronegative samples ( ∼12%) exhibited presence 

f cyst-wall like structures. 

We further probed a bradyzoite-specific mRNA to confirm that 

he intra-cyst structures indeed constituted Toxoplasma brady- 

oites. In-site hybridization confirmed the presence of BAG-1 

RNA inside the tissue cysts, specifically demonstrating the tran- 

cription event specific to Toxoplasma encystment ( Fig. 3 ). Seroneg- 

tive samples did not show staining specific to Bag1 mRNA. Simi- 

arly, minus-probe negative controls did not show evidence of the 

taining. 

iscussion 

In this report, for the first time, we demonstrate the presence of 

oxoplasma tissue cysts within human semen. These observations 

upport the notion that Toxoplasma is a sexually transmissible in- 

ection in humans, congruent to prior observations made in hon- 

uman intermediate hosts. 

Although infections in the human population are mainly 

symptomatic (but see 25 , 26 ), toxoplasmosis remains a public health 

roblem for some populations. Symptomatic congenital infection 

y Toxoplasma , for example, presents with a prevalence rate of 0.7 

ases per 10 0 0 live births in the USA. 27 Moreover, the infection 

uring the first trimester of pregnancy in expectant mothers who 

ave not been previously infected by Toxoplasma carries a sub- 

tantial risk of miscarriages or stillbirth. 28 The existence of the 

enereal route of the Toxoplasma transmission could potentially ex- 

lain the poor efficiency of the educational campaigns that strive 

o reduce congenital toxoplasmosis risk. A large fraction of Toxo- 

lasma infections in pregnant women cannot be attributed to the 

nown risk factors, 29 , 30 and sexual transmission could explain part 

f these infections. The potential of sexual transmission, thus, can 

ignify particular risk in terms of pregnancy outcome and is also 

f consequence to the operation of sperm banks. 

All methods employed in the current manuscript show in situ 

resence of the parasite. We have not confirmed viability of these 

issue cysts using bioassay or artificial insemination. Our observa- 

ions show the presence of tissue cysts in the semen but do not 

rove if these cysts can successfully initiate and establish infection 

n sexual partners post-coitus. This is an important gap in evidence 

ecause it is possible that the parasite presence in the semen could 

e a dead end for the transmission. Female reproductive tract is 

ined with blood-tissue barriers that might prove non conducive 

or the infection. Moreover, it is also presently unclear if sexual 

ransmission, even if possible, forms a significant fraction amongst 

ll possible routes of infection to justify epidemiological implica- 

ions. 

Earlier non-human studies have demonstrated that ejaculated 

oxoplasma cysts can result in seroconversion in females as a direct 

esult of intercourse. 16 , 31 , 32 Such clear data remains absent in the 

ase of humans, although several strands of evidence support that 

ossibility. A recent study using a similar cohort of clients from 

he Center of Assisted Reproduction, for example, showed that 

oxoplasma infection was 1.4 times more prevalent in women part- 
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Fig. 2. Representative confocal images depicting Toxoplasma cyst wall (red), stained with rhodamine-labeled Dolichos biflorus lectin, superimposed on a brightfield differential 

interference contrast image of the cyst. Scale bar = 10 μm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 

this article.). 
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ers of the infected men at a prevalence rate of 25.6%, compared 

o partners of uninfected men at a rate of 18.2%. 21 Concordance of 

erostatus between sexual partners cannot, by itself, provide strong 

upport to the possibility of sexual transmission. Partners often 

hare living environments and other risk factors like exposure to 

ats, soil, or cooking practices. Nonetheless, the increased risk of 
63 
he infection due to living with infected partners appears specific 

o women and not men. This sexual dichotomy supports the idea 

f sexual transmission through ejaculate. 21 Moreover, there is a 

ositive association between the prevalence of Toxoplasma infec- 

ion and the prevalence of other sexually transmitted diseases in 

umans, which further consolidates the argument that Toxoplasma 
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Fig. 3. Transcription of bradyzoite-specific BAG-1 mRNA within tissue cysts visu- 

alized by RNAScope technology. Toxoplasma bradyzoites are stained in red chro- 

mogenic dye. Bradyzoites are contained and surrounded by the relatively thin cyst 

wall. Sperm cells are denoted by black arrows. Scale bar = 10 μm. (For interpreta- 

tion of the references to colour in this figure legend, the reader is referred to the 

web version of this article.). 
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an be sexually transmitted. 14 Toxoplasma cysts are resistant to, 

nd possibly even need to be activated by, gastric juices, with con- 

umption of undercooked meat being a primary risk factor for the 

nfection. A recent study raises the possibility that oral sex can be 

 risk factor for Toxoplasma infection in heterosexual and homosex- 

al partners. 22 According to this, the seroprevalence of toxoplas- 

osis was increased in women and (non-significantly) also in men 

eporting to be engaged in oral sex (fellatio, not cunnilingus). 29 

The blood-testes barrier consists of Sertoli cells that are 

resent at the exterior surfaces of seminiferous tubules and form 

nter-cellular tight junctions. 33 , 34 Two conducive but distinct mi- 

roenvironments exist for the development of germ cells. The basal 

art of seminiferous tubules houses spermatogonial cell division, 

ifferentiation, and renewal of preleptotene. 35 The basal part is 

eparated from the adluminal or apical region by the blood-testes 

arrier, creating an immune-privileged environment for spermio- 

enesis, meiosis, and spermiation. 36 , 37 The blood-testes barrier is 

ne of the most impervious barriers within the mammalian body. 

ost infections found in human seminiferous tubules, epididymis, 

nd testes represent an retrograde invasion from the penile 

anal. 38 , 39 Relevant examples of such retrograde infections include 

eisseria gonorrhoeae or Chlamydia trachomatis . 38 , 39 Furthur exam- 

le of an infection with retrograde ascent includes Pseudomonas 

eruginosa . 40 In contrast, the anterograde passage of pathogens 

rom the testicular lumen side is much infrequent in immunocom- 

etent males. Toxoplasma might provide an interesting exception 

o this rule. Congruent with the presence of the parasite within 

estes, Toxoplasma increases testosterone production in rats 41 and 

umans 42 ; and facilitates testosterone-dependent phenotypes in 

ales. 43-45 

Observations in this study lay the groundwork for future ex- 

eriments to determine if the presence of the parasite in human 

emen can be generalized to other population cohorts. Further ex- 

eriments are also warranted to examine the possibility and rela- 
64 
ive importance of sexual transmission in the epidemiology of Tox- 

plasma infection and the etiology of congenital toxoplasmosis. 
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