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Abstract. SARS-CoV-2 is an enveloped non-segmented positive-sense RNA virus, classified as a beta coronavirus,
responsible for the COVID-19 pandemic. Angiotensin-converting enzyme 2 (ACE2), reported as a SARS-CoV-2 receptor,
is expressed in different human tissues (lung, intestine, and kidney) and in the testis, ovaries, uterus, and vagina. This
suggests a potential risk to the human reproductive tract in COVID-19 patients. In addition, SARS-CoV-2 RNA has been
detected in the blood, urine, facial/anal swabs, semen, and vaginal secretion, suggesting other potential means of
transmission. However, little has been reported about SARS-CoV-2 infection in the male and nonpregnant female re-
productive tracts,whichmayprovidedirect evidenceonsexual transmissionand fertility problems. Therefore,we focused
this narrative review mainly on the distribution of ACE2 and SARS-CoV-2 positivity in the male and nonpregnant female
reproductive tracts, providing an overview of the potential threat of COVID-19 to reproductive health and sexual
transmission.

INTRODUCTION

Coronaviruses (CoV) are single-stranded RNA viruses pre-
senting a crown-like aspect under an electron microscope.
The coronavirus family includes several genera (from alpha to
delta) with tropism for a variety of tissues and pathogenic
potential against several animal species, being identified as
human pathogens since the 1960s.1 SARS-CoV-2, previously
known as the 2019 novel coronavirus, is an enveloped non-
segmented positive-sense RNA virus, classified as a beta
coronavirus, rendering mammalian hosts susceptible to in-
fection and responsible for the COVID-19 pandemic. Six other
coronaviruses have been identified to infect human hosts,
resulting in epidemics, including SARS-CoV and Middle East
respiratory syndrome coronavirus (MERS-CoV).2 On February
11, 2020, the WHO announced a new name for the epidemic
disease caused by SARS-CoV-2: COVID-19. On March 12,
2020, the global SARS-CoV-2 outbreak was declared a pan-
demic.3 On November 26, 2020, the global count reached
59,816,510 confirmed cases, with 1,410,378 COVID-19–
related deaths,4 causing growing public health concern.5

Clinically, COVID-19 presents a myriad of possible symp-
toms and outcomes from asymptomatic carriage, flu-like
symptoms including cough, fever, general weakness, myal-
gia, pneumonia-like characteristics, and respiratory failure
requiring mechanical ventilation.6–10 The COVID-19 rapid
geographical spread, together with high transmissibility and
serious clinical manifestations,11 led governments and health
authorities to take serious measures to contain the pan-
demic.12 In the meantime, researchers took global action on
various objectives, including the study of viral transmission
pathways and the search/validation of diagnostic methods to
early identification of affected subjects.11,13,14

SARS-CoV-2 has a strong interaction capacity with the
angiotensin-converting enzyme 2 (ACE2).5,13 The wide ex-
pression in different human tissues (lung, intestine, testicle,

and kidney) also justify different theoretical modes of viral
transmission in addition to respiratory droplets.15 Some
studies have revealed that ACE2 is present in the testis5,16–18

as well as in the ovaries,19–21 uterus,20,22,23 and vagina,20

raising an urgent question of potential sexual transmission
and consequences to reproductive health.
New evidence show that besides lungs, COVID-19 could

also affect the human heart,6,24,25 liver,15,25 kidney,6,15,16 and
nervous system.26,27 In fact, in addition to oropharyngeal
swabs, SARS-CoV-2 RNA has also been detected in the
blood, urine, facial/anal swabs, semen, and vaginal secretion,
suggesting other potential means of transmission.28,29 Re-
cently, cases of COVID-19 during pregnancy have been
reported.15,30,31 The results of recent review demonstrate that
the maternal characteristics, clinical symptoms, maternal and
neonatal outcomes of almost 11,000 cases of COVID-19, and
pregnancy described in 15 different countries were not worse
or different from those of the general population.31 However,
the relatively small number of reported cases during preg-
nancy does not allow for a definitive conclusion on the ag-
gressiveness of SARS-CoV-2 during pregnancy. Likewise, the
influence of COVID-19 on the nonpregnant female re-
productive tract needs further investigation. In addition, al-
though there are studies pointing to the presence of viral RNA
in semen samples,26,32 other studies indicated opposite
results.12,33–36 Therefore, little has been reported about
SARS-CoV-2 in the male and nonpregnant female re-
productive tracts, which may provide direct evidence on
sexual transmission andon reproductive health. Therefore,we
focused this narrative review mainly on the distribution of
ACE2 and SARS-CoV-2 positivity in the male and non-
pregnant female reproductive tracts, providing an overview of
the potential threat of COVID-19 to fertility and sexual
transmission.

DIFFERENT MODELS OF SARS-COV-2 TRANSMISSION

The major clinical symptoms of the SARS-CoV-2 are
influenza-like including fever, cough, headache, generalized
myalgia, malaise, drowsiness, diarrhea, confusion, dyspnea,
pneumonia, and rigorous shivering.37 The symptoms thus
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indicate that the viral infection likely contaminates and
spreads primarily through the respiratory tract from human to
human via respiratory droplets, direct and indirect physical
contact, aerosol, or probably through thedigestive tract, urine,
and eyes and other routes.38

Thewell-established route of viral infection so far is through
respiratory droplets and contact with COVID-19–affected in-
dividuals.39 The possibility of spread through other modes is
continuously being explored, with some studies suggesting
the SARS-CoV-2 spread through fecal–oral route, conjuncti-
val secretions, flatulence (farts), sexual transmission, vertical
transmission from the mother to fetus, and asymptomatic
carriers40 (Figure 1). Certain clinical procedures involving the
upper airway such as obtaining a nose or throat swab, endo-
tracheal intubation, manual ventilation, or nebulization are
capable of generating particles < 5 μm, allowing for airborne
transmission in healthcare settings.41 In particular, intensive
care units have been associated with a higher risk of infection.
Fomite transmission, the transmission from contact with
contaminated surfaces, is possible with high rates of con-
tamination of floors and the soles of healthcare staff as well as
computer mice, doorknobs, and trash cans.42

Infection from direct contact with body fluids from infected
individuals likely occurs via another route of transmission.43–48

However, documented evidence of transmission through
these alternate sources remains unsubstantiated.43 In these
contexts, a probable route of transmission could be through
sexual intercourse.40 This supposition hasmainly arrived after
the reporting of fecal–oral transmission of SARS-CoV-2.29 It is
assumed that certain sexual behaviors could even result in
alternative ways of transmission by both direct and indirect
exposure of oral–anal contact within few days after recovery
because the gastrointestinal tract may continue shedding the
viral RNA.49 In favor of this hypothesis, SARS coronavirus has
been known to cause impairment to multiple organs including
inflammation of human testes/orchitis. Coronaviruses are also
known to cause defects in spermatogenesis,50 and SARS-
CoV-2 RNA has been detected in semen26 and vaginal se-
cretion.51 In addition to the impact of SARS-CoV-2 sexual
transmission on the viral dispersion, the possible influence of
sexual transmission to pregnant women should also be con-
sidered. Vivanti et al.52 demonstrated the transplacental
transmission of SARS-CoV-2 in a neonate born of a mother
infected in the last trimester and presenting neurological
compromise. In addition, in a recent a systematic review of
108 pregnancies, Zaigham and Anderson53 concluded that

although most of the mothers were discharged without any
major complications, severe maternal morbidity and perinatal
death might occur in COVID-19 disease. The authors con-
cluded that vertical transmissionof theCOVID-19could notbe
ruled out.
Despite being a plausible hypothesis, up to now, there are

no reports of sexual transmission of SARS-CoV-2. However,
considering the possible impacts of SARS-CoV-2 sexual
transmission, as well as the possibility that this virus could
affect reproductive health, we will review reported studies in
this area to understand whether the reproductive tract of men
and women could be vulnerable to SARS-CoV-2 infection
or not.

SARS-COV-2 AND ITS HUMAN HOST RECEPTOR

SARS-CoV-2 has four structural proteins, namely, nucleo-
capsid (N), spike (S), envelope (E), andmembrane (M) proteins.
The S protein is required to fuse to the host cell through the
receptor-binding domain.54 Among these proteins, the tri-
meric S protein is indispensable for virus–cell receptor inter-
actions during viral entry.55,56 The S protein comprises an
N-terminal S1 subunit responsible for virus–receptor binding
and a C-terminal S2 subunit responsible for virus–cell mem-
brane fusion. S1 is further divided into an N-terminal domain
and a receptor-binding domain (RBD).57,58 SARS-CoV-2 tar-
gets cells through the S protein, which binds to the human
ACE2 receptor and uses the cellular serine protease trans-
membrane protease serine 2 (TMPRSS2) for S protein
priming59–63 (Figure 2A). Such binding triggers a cascade of
events leading to fusion between the cellular and viral mem-
branes for cell entry. The viral RNA genome is released into the
cytoplasm after membrane fusion. Polyproteins are sub-
sequently synthesized to encode the viral replicase–
transcriptase complex, and then, the viral RNA is synthesized
by the RNA-dependent RNA polymerase. The synthesis of
structural proteins is followed by viral particle assembly and
release.5,13,63

In theory, organs with a high expression of ACE2 or
TMPRSS2 are more vulnerable to infection. Currently, the
respiratory, cardiovascular, digestive, and urinary systems
have been reported as potential target organs for SARS-CoV-
2 infection.64 TMPRSS2 are then needed to cleave the viral S
protein to induce a conformational change to S that allows for
permanent fusion of the viral and host cell membranes.60,65

The importance of TMPRSS2 has been confirmed in studies

FIGURE 1. Diagrammatic representation of different models of SARS-CoV-2 transmission. This figure appears in color at www.ajtmh.org.
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showing that its inhibition blocks SARS-CoV-2 entry and
spread in targeted lung cells.60 However, TMPRSS2 is more
broadly expressed in human tissues than ACE2, indicating
that ACE2 may be one of the main determinants of whether a
given cell type is susceptible to viral infection.24

Angiotensin-converting enzyme 2, is attached to the cell
membrane of tissues like the cardiovascular system, lungs,
kidney, and gastrointestinal system.66,67 In addition, it has
been reported that some other tissues like the male testis and
female breast also present ACE2.5,16,17 Angiotensin-
converting enzyme 2 is located on Xp22.2 (Figure 2B) and
encoded an 805–amino acid long protein and belongs to the
family of the angiotensin-converting enzyme of dipeptidyl
carboxydipeptidases.66,67 Angiotensin-converting enzyme 2
contains a 17-amino acid N-terminal signal peptide and a
22–amino acid C-terminal membrane anchor. It also has a
conserved motif at the zinc metalloprotease consensus se-
quence (HEXXH) and a conserved glutamine residue at
Glu-402 that served as a third zinc ligand.66 Angiotensin-
converting enzyme 2 is also homologous to the human ACE,
which plays a role in cleaving angiotensin I into angiotensin
1–9, and vasoconstrictor angiotensin II peptide into the va-
sodilator angiotensin 1–7 (Ang [1–7]).68,69 By cleaving angio-
tensin II and increasing vasodilator Ang (1–7), it may act as an

important regulator of heart function66,70 and plays a protective
role in acute lung injury. Theorgan- andcell-specificexpression
of ACE2 imply its regulatory role in cardiovasculature, kidneys,
and fertility.71,72 In relation to fertility, the expression of ACE2 in
the ovaries and testes suggests that it plays a regulatory role in
steroidogenesis, and thus affects germ cells and reproductive
health.73

Angiotensin-converting enzyme 2 acts as the entry point
into cells for several coronaviruses.74 Diseases associated
with the ACE2 gene include SARS-CoV, COVID-19, and
Hartnup disorder.2,59,73 More specifically, the SARS-CoV-2
presented a similar RBD structure to SARS-CoV, and binding
affinity between ACE2 and SARS-CoV-2 is nearly 10- to 20-
fold higher than that between ACE2 and SARS-CoV.5,75,76

Hence, in ACE2-expressing cells and tissues, ACE2 is the
functional receptor of SARS-CoV-2 and plays a critical role in
the viral entry into the cells during infection.55,77–79

SARS-COV-2 AND THE HUMAN MALE
REPRODUCTIVE TRACT

The correlation between SARS-CoV-2 infection and the
male genital tract has not yet been established. However,
there are some initial signs. These pieces of initial evidence

FIGURE 2. Schematic representationofSARS-CoV-2entry into thecells by the angiotensin-convertingenzyme2 (ACE2). (A) SARS-CoV-2 targets
cells through the S protein, which binds to the human ACE2 receptor and uses the cellular serine protease TMPRSS2 for S protein priming.13 (B)
ACE2 gene location in chromosome X on the Xp22.2 band.66,67 This figure appears in color at www.ajtmh.org.
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focused on twomain aspects which are the detection of ACE2
andSARS-CoV-2 in the humanmale reproductive tract, which
is discussed in the following text.
Angiotensin-converting enzyme 2 in the human male

reproductive tract. Some studies analyzed the ACE2 re-
ceptors and/or transcripts in the human male genital tract
(Table 1), as follows. About two decades before, a study of
Donoghue et al.70 revealed that an ACE2 transcript was
expressed only in the heart, kidney, and testis of 23 human
tissues.Around10years later, Reis et al.80 detected theACE2-
producing Ang (1–7) and its receptor Mas in the testis, mainly
in the interstitial compartment and cytoplasm of the Leydig
cells. They further demonstrated the strong influence of ACE2
in the male reproductive tract by showing that humans with
severe spermatogenesis impairment have lower levels of
ACE2, Ang-(1–7), and Mas than fertile subjects. Thereafter,
only recently, new research studies emerged in this field be-
cause of the pandemic of COVID-19, as follows.
Wang and Xu16 showed that ACE2 was predominantly

enriched in spermatogonia, Leydig cells, and Sertoli cells.
Accordingly, Stanley et al.21 found ACE2 expression in myoid
cells, spermatogonial stem cells, and Leydig cells. In addition,
Fu et al.17 showed that ACE2 was highly expressed in Leydig
cells and cells in the seminiferous ducts.
Regarding the co-expression of ACE2 and TMPRSS2 in

human testicles, in the study of Stanley et al.,21 these co-
expression was not detected in testicular cells and sperms,
and a correlation between ACE2 and TMPRSS2 expression
was not observed in any of the annotated cell types or tes-
ticular cells broadly. In addition, the results of Pan et al.35

demonstrated sparse expression of ACE2 and TMPRSS2 in
the human testis, with almost no overlapping gene expres-
sion. The results of these studies reinforce the hypothesis that
once TMPRSS2 is more broadly expressed in human tissues
than ACE2, it is possible that ACE2 may be one of the main
determinants ofwhether a given cell type is susceptible to viral
infection.24 If this hypothesis is correct, the expression of
ACE2 alonemay bemore important than the co-expression of
ACE2 andTMPRSS2 in the susceptibility of human testicles to
SARS-CoV-2.
As far asweknow,only the study conductedbySonget al.81

evaluated ACE2 and TMPRSS2 expression at locations in the
male genital tract other than the testes and sperms. This study
showed that TMPRSS2 was highly expressed, and ACE2

expression was very low, but the two receptors were co-
expressed in at least a small percentage of prostate hillock
cells; therefore, a prostate infection by SARS-CoV-2 cannot
be excluded. These data suggest that the accessory glands
could be a secondpossible site of infection bySARS-CoV-2 in
the male reproductive tract, particularly the prostate.
In general, the aforementioned studies only evaluated the

expression of ACE2 and/or its transcripts in the male genital
tract, but not its influence on male reproductive pathophysi-
ology. In this sense, Shen et al.18 showed that ACE2 was
expressed in both germ cells and somatic cells, among which
are Sertoli cells, spermatogenic stem cells, and Leydig cells.
Moreover, they also found that the positive rate of ACE2 in
testes of infertile men was higher than that of normal men,
indicating that SARS-CoV-2 may cause reproductive disor-
ders through a pathway activated by ACE2, and men with
reproductive disorders may be more likely infected by SARS-
CoV-2. In addition, they showed that the expression level of
ACE2was associatedwith the age of theman, and the peak of
positive ratewas30 years,which indicates that youngmenare
more likely to be infected by SARS-CoV-2. Accordingly, Liu
et al.5 observed that the level of ACE2 expression decreased
with the increase in age and that ACE2 expressing cells
existed in almost all testes cell types and that Sertoli cells had
the highest expression level. Furthermore, they showed that
the ACE2 expression level in nonobstructive azoospermia
patients’ Sertoli cells was significantly decreased.
Overall, the studies presented in this section indicated that

in the human male reproductive tract, the testis should prob-
ably be the organ in the male reproductive tract most vulner-
able toSARS-CoV-2 infectionmainly becauseof its highACE2
expression. Angiotensin-converting enzyme 2 receptors are
present in spermatogonia, seminiferous tubules and Sertoli,
Leydig, and prostate epithelial cells, albeit its role needs to be
better clarified.
SARS-CoV-2 positivity in the human male reproductive

tract. In conditions of viremia, virus may seed into the male
reproductive tract because the blood–testis barrier may not
completely isolate the virus.82 A wide breadth of viruses, such
as Zika, Ebola, and Marburg viruses, have been found in male
testes and semen.83 Virus-induced testis damage can impair
gonadal hormone secretion and spermatogenesis, as seen in
HIV or mumps-induced orchitis.84 A previous study on SARS
suggested the SARS-CoV can cause orchitis85; however, little

TABLE 1
Angiotensin-converting enzyme 2 receptor and SARS-CoV-2 RNA detection in the male reproductive tract

ACE2 receptor SARS-CoV-2 RNA

Reproductive tract locus Positive Negative Positive Negative

Semen – – Li et al.26 Kayaaslan et al.89; Pavone et al.90; Pan
et al.35; Song et al.36; Holtimann et al.33;
Paoli et al.12; Ma et al.34

Testes Donoghue et al.70; Reis et al.79; Pan
et al.35

– Yang et al.32 Song et al.36

Seminiferous ducts Fu et al.17 – – –

Interstitial compartment Reis et al.79 – – –

Leydig cells Wang and Xu16; Fu et al.17; Shen et al.18 – – –

Sertoli cells Wang and Xu16; Liu et al.5; Shen et al.18 – – –

Spermatogonia Wang and Xu16; Shen et al.18; Stanley
et al.21

– – –

Prostate Song et al.81 – – Zhang et al.71

ACE2 = angiotensin-converting enzyme 2.
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is known about the presence of SARS-CoV-2 in biological
fluids and tissues of the male genital tract and its possible
relation with reproductive health. To date, few studies have
assessed the presence of SARS-CoV-2 in the human male
genital tract (Table 1), which will be described in detail as
follows.
Two studies presentedSARS-CoV-2 positivity in the human

male reproductive tract. Li et al.26 enrolled a total of 38 pa-
tients, of whom23were clinically recovered and 15were in the
acute stage of infection. Six patients were positive for SARS-
CoV-2 in the semen, four of these patients were in the acute
stage of infection and two were already recovered. In the
second study, carried out byYang et al.,32 the objectivewas to
determine the pathological changes andwhether SARS-CoV-
2 could be detected in the testes of deceased COVID-19 pa-
tients. They performed a postmortem examination of the
testes from 12 COVID-19 patients using reverse transcriptase
PCR (RT-PCR) to detect the virus in the testicular tissue. The
authors showed that the testes from COVID-19–positive pa-
tients exhibited significant seminiferous tubular injury, re-
duced Leydig cells, and mild lymphocytic inflammation. They
showed no evidence of SARS-CoV-2 in the testes of the ma-
jority (90%) of the cases by RT-PCR and in none by electron
microscopy.
Regarding these two studies, it is important to highlight that

the viral viability and infectivitywere not determined.However,
both studies presented the possibility of SARS-CoV-2 be
seeded into the male reproductive tract, at least in some
cases. This hypothesis is supported by prior knowledge that
viremic patients can shed viruses into semen (27 viruses de-
tected to date)86 including Zika virus (ZIKV), which remains in
the semen of symptom-free men for up to 1 year post-re-
covery.87 Importantly, ZIKV infection modifies semen char-
acteristics in men, and replication-competent virus can be
isolated from motile spermatozoa.88

On the other hand, the other studies that investigated the
presence of SARS-CoV-2 in the semen,12,33,35,36,89,90 tes-
ticles,36 and the prostatic secretion71 did not detect the virus.
However, these studies vary according to the stage of COVID-
19 and the severity of the patients’ infection. These studies are
discussed in the following text.
Kayaaslan et al.89 aimed to investigate the presence of

SARS-CoV-2 RNA in the semen of patients with a positive
nasopharyngeal swab test for SARS-CoV-2 in theacute stage.
Sixteen patients were included in the study, and all semen
samples were negative for SARS-CoV-2 RT-PCR. Pavone
et al.90 tried to determine whether SARS-CoV-2 was detect-
able in the semen of Italian patients showing mild or no
symptoms of COVID-19 at the time of sampling. The seven
patients were considered convalescent and two in the acute
phase of infection. Results of RT-PCR in the semen showed
noevidenceof SARS-CoV-2RNA in the nine patients enrolled.
Song et al.36 conducted a study by examining SARS-CoV-2
RNA in semen samples collected from 12 patients (aged be-
tween 22 and 38 years) in their recovery phase, as well as in
testicular samples from one patient who died of COVID-19
during the acute phase. The results showed that the SARS-
CoV-2 was absent from the semen and testes in men infected
with COVID-19 at both acute and recovery phases. In the
study conducted by Pan et al.,35 SARS-CoV-2 was not de-
tected in the semen of patients recovering from COVID-19
1month after COVID-19 diagnosis. Paoli et al.12 included only

a 31-year-old patient positive for COVID-19. A semen sample
was collected 27 days after the onset of symptoms and also
presented negative for SARS-CoV-2.
Two studies evaluated the presence and relevance of

SARS-CoV-2 in semen parameters. Holtmann et al.33 in-
vestigated semen and a blood sample collected from 34 men
that were distributed as follows: 1) patients in convalescence
(patients with confirmed SARS-CoV-2 infection in the pha-
ryngeal swab according to RT-PCR or antibodies), 2) negative
control group (no antibodies), and 3) patients with acute in-
fection (detection of SARS-CoV-2 in pharyngeal swab). No
RNA was detected by means of RT-PCR in the semen, in-
cluding semen samples from two patients with acute COVID-
19 infection. However, patients with a moderate infection
presented a statistically significant impairment of sperm
quality (sperm concentration, total number of sperm per
ejaculate, total number of progressive motility, and total
number of complete motility) compared with men recovered
from a mild infection and the control group. Ma et al.34 col-
lected semen specimens from 12 COVID-19 male patients for
viral detection and semen characteristics analysis. No SARS-
CoV-2 was detected in semen specimens. Regarding the
semen quality, eight of the 12 patients presented normal
results. They also compared the sex-related hormone levels
between 119 reproductive-aged men with SARS-CoV-2 in-
fection and 273 age-matched control men. A higher serum
luteinizing hormone (LH) and a lower ratio of testosterone to
LH were observed in the group positive for COVID-19. The
authors concluded that COVID-19 patients presented an
abnormal sex hormone secretion, suggesting that attention
should be given to the reproductive function evaluation in
the follow-up. Regarding the impairment of semen quality
demonstrated in these two studies, there is a possibility that
SARS-CoV-2 has a direct impact on sperm as follows. The
renin–angiotensin–aldosterone system (RAAS) is one of the
cell signaling systems that regulate spermatogenesis.91

Several RAAS family ligand enzymes and receptors are present
in human spermatozoa, including angiotensin converting en-
zyme (ACE) 1 and 2, angiotensin receptor type 1 and type 2 and
the Ang (1–7) mitochondrial assembly receptor (Ang-[1–7]/
MasR).92AttackofSARS-CoV-2on this spermsurface signaling
system could elicit multiple deleterious local responses. The
impact of the virus on spermatozoa ACE2 activity would prob-
ably enhance angiotensin II levels and increase reactive oxygen
species (ROS)production, installingastateof apoptosis andcell
senescence.93 SARS-CoV-2 infection may also affect sperm
DNA through induction of oxidative stress or altering re-
productive endocrinologic milieu.94

Finally, to delineate whether the SARS-CoV-2 could be
detected in the expressed prostatic secretion (EPS), 10 male
patients with confirmed COVID-19 were recruited in a study
conducted by Zhang et al.71 All patients were stratified into
two groups: one group with positive nasopharyngeal swab-
bing forSARS-CoV-2within 3days of theEPS takenday (n=3)
and the other group with previously positive nasopharyngeal
swabbing for SARS-CoV-2 but turned negative before the
taken day (n= 7). None of theCOVID-19 patientswere positive
for SARS-CoV-2 RNA in EPS.
The studies presented here (Figure 3A) showed that the

positivity and consequences of SARS-CoV-2 infection in the
male reproductive tract have been little evaluated, and it is not
known about which cell type SARS-CoV-2 targets in this site.
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In addition, among the described studies, it is possible that
there are variations regarding the presence of SARS-CoV-2 in
the male reproductive tract. However, some studies have re-
ported the virus tobepresent in the testicular seminal duct and
semen, compromising the safety of sexual intercourse. Con-
sidering that 80%of those infectedhavemild symptomsor are
asymptomatic, it is advisable to take some precautions at
least during quarantine. The use of condoms and noncoital
behavior that does not involve direct contact with the semen
are recommended.95 Still, few studies have addressed the
possibility of andrological consequences in infected patients.
According to Blumenfeld,96 several additional questions need
urgent answers for the general public: How long should they
abstain from intercourse? Are condoms protective enough?
Are the medical laboratory workers and personnel in contact
with infertile patients’ semen, for intrauterine insemination or
assisted reproductive technologies (ARTs), at risk of acquiring
the infection? If the semen may be infectious, would the
generated embryos and the female partners be at risk of ac-
quiring SARS-CoV-2? What are the possible remote conse-
quences to the future infants? Therefore, these and many
other questions need answers, and further studies with a
larger number of infected subjects, including young patients,
to determine possible short- and long-term SARS-CoV-2

consequences formale reproductive health and thepossibility
of sexual transmission are required.

SARS-COV-2 AND THE NONPREGNANT FEMALE
REPRODUCTIVE TRACT

The correlation between SARS-CoV-2 infection and the
nonpregnant female reproductive tract has been even less
studied than the male reproductive tract. Therefore, as the
impact of SARS-CoV-2 infection has been already demon-
strated for multiple organs, it would be reasonable to hy-
pothesize the potential impact in the female genital tract as
well.72 As for the male reproductive tract, we will focus the
discussions on two main aspects: the detection of ACE2 and
SARS-CoV-2 in the reproductive tract of nonpregnantwomen.
Angiotensin-converting enzyme 2 in the reproductive

tract of nonpregnant women. Few studies have evaluated
the ACE2 receptors and/or transcripts in the nonpregnant
female reproductive tract (Table 2), as follows. Angiotensin-
converting enzyme 2 mRNA transcripts were detected in
ovaries from reproductive-age and postmenopausal women
by Reis et al.19 These authors also described that the Ang-
(1–7) peptides, which are produced by ACE2, are located in
several ovarian compartments and may be quantified in

FIGURE 3. Schematic representation of the potential location of theACE2 receptor andSARS-CoV-2RNA in the human reproductive tract ofmen
(A) and nonpregnant women (B). This figure appears in color at www.ajtmh.org.

TABLE 2
Angiotensin-converting enzyme 2 receptor and SARS-CoV-2 RNA detection in the nonpregnant female reproductive tract

Reproductive tract locus

ACE2 receptor SARS-CoV-2 RNA

Positive Negative Positive Negative

Vagina Jing et al.20 – Scorzolini et al.91 Qiu et al.99 Cui et al.100

Uterus Jing et al.20 Goad et al.98 – –

Endometrium Henarejos-Castillo et al.97 – – –

Endometrial epithelial cells Vaz-Silva et al.22 – – –

Endometrial stromal cells Vaz-Silva et al.22; Chadchan et al.23 – – –

Myometrium – Goad et al.98 – –

Fallopian tube – Goad et al.98 – –

Ovary Reis et al.19; Jing et al.20 Goad et al.98 – –

Oocyte Jing et al.20 – – –

Follicular fluid Reis et al.19 – – –

Cumulus cells Stanley et al.21 – – –

ACE2 = angiotensin-converting enzyme 2.
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follicular fluid. Stanley et al.21 found that ACE2 was shown to
havewideexpression in humancumuluscell samples. Jinget al.20

found that ACE2 is most abundantly expressed in the ovary and
that the expressional level of ACE2 in oocytes is relatively high. In
addition, the same authors found ACE2 in the uterus and vagina.
This was the only study that evaluated ACE2 expression in the
lower reproductive tract of nonpregnant women.
Angiotensin-converting enzyme 2 mRNA was also identi-

fied in the uterus of women by Vaz-Silva et al.22 They showed
that ACE2 expression is more abundant in epithelial cells than
stromal cells and in the secretory than the proliferative phase.
Accordingly, Chadchan et al.23 found that in the human tissue,
ACE2 was expressed in both endometrial epithelial and stro-
mal cells in the proliferative phase of the menstrual cycle, and
the expression increases in stromal cells in the secretory
phase. According to the authors, SARS-CoV-2may be able to
enter into endometrial stromal cells and elicit pathological
manifestations in women with COVID-19. If so, women with
COVID-19 may be at increased risk of early pregnancy loss.
Conversely, Henarejos-Castillo et al.97 showed that gene ex-
pression was medium for TMPRSS2 and low for ACE2.
Angiotensin-converting enzyme 2 expression increased to-
ward the window of implantation, but TMPRSS2 was not
significantly changed across the cycle. So, ACE2 expression
increased with age, especially in early phases of the cycle.
Finally, Goad et al.98 presented contrary results to other

authors. They investigated the prevalence of SARS-CoV-2
receptors among reproductive tissues from the uterus, myome-
trium, ovary, fallopian tube, andbreast epithelium.However, either
ACE2or TMPRSS2expressionswere not significantly detected in
the myometrium, uterus, ovaries, fallopian tube, or breast.
In general, most of the studies discussed in this section in-

dicated that the upper reproductive tract of nonpregnant
women is vulnerable to SARS-CoV-2 infection mainly because
of its ACE2 expression in the ovary and uterus, albeit its role
needs to be better clarified. However, one study did not show
the ACE2 receptor in the upper genital tract. These discrep-
ancies are possibly due to the methodological differences
among these studies. Therefore, future studies are still needed
for further clarification in this area. Still, considering that only
one study evaluated the expression of ACE2 in the lower re-
productive tract,20 further studies are urgently needed to clarify
the possibility of SARS-CoV-2 sexual transmission via vagina.
SARS-CoV-2 positivity in the reproductive tract of

nonpregnant women. So far, to our knowledge, only four
studies51,99–101 evaluated SARS-CoV-2 shedding in the re-
productive tract of nonpregnant women (Table 2). In three of
them, SARS-CoV-2 was investigated in vaginal samples51,99,100

and in another, in vulvar ulcers.101 These studies are described in
detail as follows.
Scorzolini et al.51 described that in their initial case series of

three patients with laboratory-confirmed COVID-19 (two ma-
les and one female), a 65-year-old woman traveling from
Wuhan city during January 2020 had the vaginal fluid tested
forSARS-CoV-2. After twoprevious negative results, a vaginal
swabwas positive byRT-PCRondays 7 and 20 after symptom
onset with a cycle threshold of 37.2 and 32.9, respectively.
According to the authors, although the transmission of SARS-
CoV-2 through genital secretion has not yet been established
and their results are limited to molecular detection only, they
support the indication to perform cesarean section to reduce
the risk of vertical transmission at delivery.

On the other hand, SARS-CoV-2 was not detected by Qiu
et al.99 and Cui et al.100 in vaginal samples of nonpregnant
women. In the study of Qiu et al.,99 vaginal swabs of 10 post-
menopausal patients with severe COVID-19 were evaluated by
RT-PCRbetween17and40days fromsymptomonset.Noneof
the samples were positive, even when the patients’ respiratory
symptoms were severe. The authors suggested that the likeli-
hood of transmitting SARS-CoV-2 to sexual partners through
virus in vaginal fluids is low. The second study was conducted
by Cui et al.,100 and the possible presence of SARS-CoV-2 in
the vaginal fluid and cervical exfoliated cells of 35 female
COVID-19patientswasalso studied. The stageof infectionwas
not described at the time of genital collections. All the vaginal
and cervical samples tested were negative for SARS-CoV-2.
Falkenhain-López et al.101 reported the first case of a

woman with COVID-19–related acute genital ulcers (AGU). In
detail, the authors described the clinical case of a 41-year-old
otherwise healthy woman with a 5-day history of painful
genital ulcers. She also presented dry cough and rhinorrhea.
Any medication was taken by the patient before the devel-
opment of the lesions, and she denied any recent sexual risk
behavior. A single oral aphtha was also observed. Treatment
with prednisone 30mg daily was initiated. One week later, the
patient returned referring to improvement of the genital ulcers
withpain reduction andcomplete resolutionof theoral aphtha.
However, she presented worsening of cough and a 3-day
history of chest pain, low-grade dyspnea, and dysthermia.
SARS-CoV-2 RT-PCR performed on a nasopharyngeal swab
and genital ulcers returned positive, and COVID-19 diagnosis
with AGUwasmade. Genital ulcers evolved to resolution after
one more week of corticosteroid treatment. The authors
suggested that AGU could be triggered by SARS-CoV-2,
comparably to other respiratory virus infections.
Studies presented in this section showed that in compar-

ison to the male reproductive tract, the positivity and con-
sequences of SARS-CoV-2 infection on the reproductive
tract of nonpregnant women have been scarcely evaluated
(Figure 3B). Most commonly, studies on the women re-
productive tract evaluated SARS-CoV-2 infection in pregnant
women because of the possible relationship between the
SARS-CoV-2 congenital and childbirth transmission.2,30,102 In
addition, the new finding about the SARS-CoV-2 detection in
the vaginal secretion increases the possibility that sexual in-
tercourse could be an additional direct vector of infection,
adding to the recent evidence of a likely fecal–oral transmission
vector103 or indirectly by exposure of the rectal mucosa to sa-
liva.104 However, several important questions about SARS-
CoV-2 RNA detection in the reproductive tract of nonpregnant
women need to be answered given as follows: Does the virus
have tropism to any specific cell?What is the viral load and how
long does the virus remain infectious? How long do women
need to wait to become pregnant? And what is the long-term
damage to women? To answer these and other questions,
further studies are urgently needed to determine the actual in-
fection rate and the kinetics of SARS-CoV-2 infection in the
female reproductive tract of nonpregnant women.

COVID-19 AND ASSISTED REPRODUCTION

Regarding the ARTs, there are two main aspects of funda-
mental importance. First, although there is a potential risk for
disease transmission at several stages of ART, little is known
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about it. SARS-CoV-2 transmissionmaybe facilitated byART,
especially by intracytoplasmic sperm injection (ICSI). Al-
though most of the ARTs involve washing and repeated di-
lution of the semen sample, virus particles could theoretically
be transmitted directly via ICSI.105,106 Usually in ARTs, the
semen preparation by bilayer density gradient centrifugation
coupledwith ICSI is known to decrease the virus transmission
risks. However, it is already known that hepatitis C virus (HCV)
is not present in the last fraction used for ARTs,105 whereas
ZIKV and other viruses such asHIV and hepatitis B virus (HBV)
could persist in this fraction.106 SARS-CoV-2 could bepresent
in semen samples and liquid nitrogen in cryostores across the
world. Therefore, it is recommended that utmost precaution
be exercised for sperm cryobanking at this time, with use of
highly secure devices and segregated cryovessels.107 On a
positive note, to date, there has never been a recorded case of
viral cross-contamination between cryopreserved clinical se-
men samples, so the risk of SARS-CoV-2 cross-contamination
between semen samples is negligible.108 In addition, possible
effects on early embryogenesis and development must also be
considered.106 Therefore, good standard laboratory practices
should be strictly applied when handling gametes and embryos
within the embryology and andrology laboratories.109

Second, there is the necessity of recommendations for
patients using ARTs in view of the COVID-19 pandemic. Be-
fore ART treatments, it is very important to consider local and
national regulations. In this sense, on March 17, the American
Society of Reproductive Medicine provided early key recom-
mendations, updated and affirmed on July 10, including sus-
pending initiation of new treatment cycles.110 The group also
recommended canceling planned embryo transfers, sus-
pending elective surgeries, nonurgent diagnostic procedures,
and minimizing in-person interaction by increasing tele-
medicine contact. Only patients undergoing emergency pro-
cedures, such as those for fertility preservation, and patients
already undergoing cycle stimulation should complete their
treatments, but they should be advised to cryopreserve their
embryos and not receive a fresh embryo transfer.
On March 19, the European Society of Human Re-

production and Embryology recommended a precautionary
approach. They advised all infertile patients considering or
planning treatment to avoid becoming pregnant at this time,
albeit there is no strong evidence of negative effects of
COVID-19 on pregnancy, especially at the early stages.111

They further suggested consideration of deferred pregnancy
with oocyte or embryo cryopreservation. In the United King-
dom, the Human Fertilization and Embryology Authority
(HFEA) published their guidance on March 18, calling for a
need to stop fertility treatments over the coming weeks to mini-
mize the spread of the virus and to reduce the impact on the
healthcare services because of possible complications of
assisted reproduction, such as ovarian hyperstimulation syn-
drome. On July 14, the HFEA updated the recommendations,
and fertility clinics were authorized to resume treatment.112

The orientation of the Brazilian National Health Surveillance
Agency (Agência Nacional de Vigilância Sanitária–ANVISA), in its
most recent technicalnoteonMay12, is topostponeanyassisted
reproduction treatmentuntil theepidemic isdeclaredcontrolled in
the country by the Ministry of Health, with emphasis on the rec-
ommendationof not toproceedwith embryo transfer in treatment
cycles eventually performed. Cases in which the postponement
could cause more damages to the patient were excluded.113

Finally, several other countries made their specific recom-
mendations in the field of ARTs,114–116 and recently, an in-
ternational panel of experts identified which patients should
be prioritized for fertility care.109 According to these authors,
advanced-age women (i.e., age 35 years) with low prognosis
to ARTs tend to lose their fertility potential faster than other
infertile women. Other subgroups of women who should be
prioritized are those who need urgent fertility preservation,
including women affected by systemic autoimmune disorders
who presented a restricted time frame during which fertility
preservation is possible. For the authors, once the risk of
COVID-19 infection is decreasing, other ART treatment could
restart following local regulations. The key principle in ART
treatment during phase II is that COVID-19 symptoms should
be excluded before and during ART treatment in patients,
staff, and anyone attending ART centers.109

However, considering that the period of SARS-COV-2 in-
fection is different between countries, it is difficult to follow a
single worldwide guide for ARTs. Thus, caution marks the
most appropriate recommendation for assisted reproduction
centers at this moment: avoiding elective treatment cycles in
countries with high transmission levels at least until they have
a better epidemiological and clinical outline of the situation.
Finally, several important questions about SARS-CoV-2 in
ARTs need to be answered, such as follows: the possibility of
SARS-CoV-2 transmission at several stages of ARTs, the
possibility of viral transmission to embryos conceived in vivo
and in vitro, and the repercussions of COVID-19 on embryo
implantation or early pregnancy. Such knowledge, among
others, will give important support to new and revised rec-
ommendations, both for natural conception and for assisted
reproduction, including cycles for embryo transfer or those for
cryopreservation of oocytes.

CONCLUSION

False-negative SARS-CoV-2 testing is rare but can occur
with inadequate sample collection or if the sample is collected
early in the disease course. According to the CDC,117 ac-
ceptable specimens for RT-PCR include nasopharyngeal,
oropharyngeal, nasal mid-turbinate, anterior nares swabs,
nasopharyngeal, or nasal washes or aspirates, collected by a
trained healthcare professional. Therefore, there are no vali-
dated commercial tests based on molecular technology for
SARS-CoV-2 detection in samples of the human reproductive
tract of male and nonpregnant females. There is limited un-
derstanding of how the test results should be interpreted,
especially considering that the detection of SARS-CoV-2RNA
in the human reproductive tract of male and nonpregnant
female does not necessarily indicate that a replication-
competent or infectious virus is present.118 The detection of
viable infectious SARS-CoV-2 is possible using cell culture
techniques. In addition, serological tests do not provide fur-
ther clarity because a negative serum serologic test result
does not exclude the possibility of SARS-CoV-2 presence in
the human reproductive tract. In addition, there is a potential
risk for disease transmission at several stages of ARTs. As
COVID-19 is not completely understood, the need for further
research confirming and/or refuting these potential routes of
transmission remains a priority. Therefore, understanding the
mechanisms that underlie persistent SARS-CoV-2 infections
in the reproductive tract of male and nonpregnant females is
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crucial to developing guidelines, effective vaccines, and
therapies.
This narrative review summarized current information about

the impact of SARS-CoV-2 infection in the male and non-
pregnant female reproductive tracts (Figure 3). It is possible to
notice that there are variations regarding the presence of the
ACE2 receptor and the virus in the male and nonpregnant
female reproductive tracts. Therefore, the studies presented
here showed that whether the reproductive tract is a potential
target for SARS-CoV-2 infection has not yet been de-
termined.16 In addition, little is known about the effect of the
SARS-CoV-2on reproductive health.Overall, all the described
studies highlight the importance and the urgency to better
understand the presence and persistence of SARS-CoV-2 in
the reproductive tract of symptomatic and asymptomatic
patients. Several aspects of the possible SARS-CoV-2 sexual
transmission need to be elucidated to improve the trans-
mission control measures to protect the population. Consid-
ering that the literature is scarce and not yet consensual, new
studies are urgently necessary to better establish the natural
history of SARS-CoV-2 transmission, pathogenesis, and de-
tection methods in the male and nonpregnant female re-
productive tracts. In addition, future studies may clarify the
impact of SARS-CoV-2 infection on reproductive health.
Limitations of the study.During the reviewperiod, the data

on COVID-19 constantly changed with increasing amounts of
the literature, both peer-reviewed and non–peer-reviewed.
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do Ministério da Saúde/DECIT/SCTIE/MS.

Authors’ addresses: Fabrı́cioMorelli, Lyvia E. de F.Meirelles,Maria V. F.
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