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Introduction 

In December 2019, a novel infectious disease was reported in Chi-
na, and the World Health Organization defined this viral illness as 
coronavirus disease 2019 (COVID-19). This disease is mainly a respira-
tory infection with symptoms including fever, cough, and shortness 
of breath. Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the viral pathogen that causes COVID-19. Coronaviruses are 
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enveloped, single-stranded ribonucleic acid (RNA) viruses that ex-
press a characteristic corona-like morphology under an electron mi-
croscope. In the last 2 decades, humanity has suffered three major 
coronavirus outbreaks—severe acute respiratory syndrome corona-
virus (SARS-CoV), Middle East respiratory syndrome coronavirus 
(MERS-CoV), and SARS-CoV-2—that have evoked considerable 
worldwide health consternation [1-3]. The differences between these 
three coronaviruses and the patterns of their outbreaks are summa-
rized in Table 1. 

SARS-CoV-2 is mainly transmitted via respiratory droplets, al-
though viral RNA has been detected in various samples, such as na-
sal secretions, sputum, feces, and rarely in the serum and urine [4]. 
SARS-CoV-2 has a very effective binding affinity to angiotensin-con-
verting enzyme 2 (ACE2) in human cells. The coronavirus invades the 
cell by attaching the viral spike (S) glycoprotein to ACE2 and employ-
ing the cellular serine protease (transmembrane protease serine 



subtype 2 [TMPRSS2]) to cleave the viral S protein to provoke fusion 
of the viral and host cell membranes. These enzymes are expressed 
in a wide range of human organs, including reproductive organs and 
respiratory tissues [5]. 

Cardiac, nasal, ocular, and neurological symptoms of COVID-19 
have been reported. However, the impact of COVID-19 on the hu-
man reproductive system remains debatable and warrants investiga-
tion. It is important to establish whether natural and assisted repro-
duction can be safely accomplished in the era of the COVID-19 pan-
demic. Thus, the purpose of this review was to investigate how SARS-
CoV-2 affects the various stages of human reproduction through 
available research on the subject. 

Sex differences in the transmission of SARS-CoV-2 
The S glycoprotein of the coronavirus is the key protein present on 

the outer envelope of the virion and plays a principal role in viral en-
trance by recognizing host cell receptors and modulating fusion of 
the viral and cellular membranes [6]. The S protein is synthesized and 
then cleaves to the S1 subunit of the N terminal and the S2 subunit 

of the C terminal (Figure 1). 
Viral entry into the host requires the SARS-CoV2 S protein to bind 

to the host ACE2 receptor. A host protease, TMPRSS2, acts to cleave 
the viral S protein at the host cell membrane. Through this process, 
priming cleavage of the S protein between S1 and S2 takes place, 
followed by activating cleavage at the S2 site. Coexpression of ACE2 
and TMPRSS2, which is crucial for SARS-CoV-2 infection, has been 
observed in various tissue types, including the lung, nose, heart, co-
lon, and kidney, where COVID-19 related symptoms have been re-
ported [7]. 

It is plausible that SARS-CoV2 infection might have a detrimental ef-
fect on human reproductive function if cells of the male or female re-
productive organs also express these genes. Limited data suggest that 
the receptor basigin/CD147 (BSG) may induce viral entry, similarly to 
ACE2 [8], and the cysteine protease cathepsin L (CTSL) can potentially 
cleave to the viral S protein, similarly to TMPRSS2 [9]. Recently, Shilts et 
al. [10] reported that recombinant SARS-CoV-2 S proteins do not inter-
act with BSG expressed on the membrane of human cells; therefore, 
the role of these alternate entry receptors is not definitive. 

Table 1. Biological and clinical characteristics of SARS, MERS, and COVID-19

SARS (2002) MERS (2012) COVID-19
Pathogen SARS-CoV MERS-CoV SARS-CoV-2
Reservoir Bat–musk cat Bat–camel Bat–pangolin
Target enzyme ACE2 DPP4 ACE2
Case 8,096 [1] 2,519 [1] > 161,000,000a)

Death 774 (9.6%) [1] 866 (34.3%) [1] > 3,343,000 (2.1%)a)

Mode of transmission Droplets Droplets Droplets, limited evidence of other routes
Incubation period (day) 4–7 2–14 1–14
Key symptom Cough, fever, diarrhea Fever, cough, shortness of breath Fever, cough, shortness of breath
At-risk group People with underlying medical conditions Men > 60 yr Adults > 60 yr with underlying medical 

conditions
Treatment No specific No specific No specific
Vaccine No No Yes

SARS, severe acute respiratory syndrome; MERS, Middle East respiratory syndrome; COVID-19, coronavirus disease 2019; CoV, coronavirus; ACE2, angiotensin-
converting enzyme 2; DPP4, dipeptidyl peptidase-4.
a)Figures as of May 2021.

Figure 1. Overview of the spike glycoprotein of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and target proteins. 
Functional domains: receptor binding domain (RBD), transmembrane domain (TD). Proteolytic cleavage sites: S1/S2, S2’.
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Studies have suggested that females infected with COVID-19 have 
lower morbidity, mortality, and severe case rates than males, as well 
as better outcomes. Ding et al. [11] reported that non-menopausal 
female patients had milder symptoms and better prognoses than 
age-matched male patients. Among female patients, menopausal 
women had a longer hospitalization period than non-menopausal 
women. In that study, both anti-Müllerian hormone (AMH) and es-
tradiol (E2) levels showed significant negative correlations with dis-
ease severity. Specifically, E2 levels were negatively correlated with 
inflammatory markers including interleukin (IL)-2R, IL-6, IL-8, and tu-
mor necrosis factor-alpha in the luteal phase and C3 in the follicular 
phase. The authors speculated that female hormones in premeno-
pausal women may act as protective factors against COVID-19. Sex 
differences in the disease severity and prognosis were previously at-
tributed to sex-dependent production of steroid hormones, different 
copy numbers of immune response X-linked genes, and the pres-
ence of disease susceptibility genes, such as TLR7, IFNB1, and IL6 
[12]. These results suggest that female hormones in premenopausal 
women may provide a protective effect against COVID-19. Khan [13] 
speculated that 17β-E2 would decrease SARS-CoV-2 infection by 
regulating the renin-angiotensin-aldosterone system, suppressing 
the inflammatory storm, inducing antiviral immune responses, and 
promoting the degradation of the virus in endolysosomes. One re-
search group reported that premenopausal women taking com-
bined oral contraceptives had a significantly lower predicted 
COVID-19 positivity with a reduction in the duration of hospital stay 
[14]. In another recent study, Ding et al. [15] reported a significant 
decrease in AMH levels after SARS-CoV-2 infection, suggesting that 
ovarian injury may occur through COVID-19. Therefore, the causal re-
lationship between the severity of the disease and levels of AMH and 
estrogen should be carefully considered, and more clinical studies 
investigating this issue should be conducted.  

Cell type-specific expression of genes that produce viral host entry 
proteins and identification of potential loci of viral infection within 
the reproductive system are essential to predict whether SARS-CoV-2 
has the potential to affect natural and assisted human reproduction. 
Through studies conducted on gametes, embryos, endometrium, 
and placenta, we investigated the possible effects of SARS-CoV-2 on 
human reproduction. 

Effects of SARS-CoV-2 on testes and male gametes 
The presence of ACE2 and TMPRSS2 in reproductive organs is con-

sidered a precondition for susceptibility to SARS-CoV-2 infection. 
Stanley et al. [16] analyzed publicly available single-cell RNA se-
quencing (scRNA-seq) datasets, their transcriptomic data, and pub-
licly available bulk RNA and proteomics data on human and nonhu-
man primate reproductive organ tissues. They analyzed the 

cell-type-specific expression pattern of ACE2 and TMPRSS2. The ex-
pression of alternative receptor BSG and protease CTSL were also 
evaluated. The 11 cell types of the human testes, including somatic 
niche cells (Leydig cells, endothelial cells, myoid cells, and macro-
phages) and germ cells (differentiating spermatogonia, early primary 
spermatocytes, late primary spermatocytes, round spermatids, elon-
gated spermatids, and sperm) were analyzed. A small proportion of 
spermatogonial stem cells expressed ACE2 and TMPRSS2, although 
cells coexpressing both genes were extremely rare (0.05% of cells). 
This low rate of coexpression was similar in other testicular cell types, 
although the researchers were not able to explore Sertoli cells. These 
results suggest that sperm cells may not be at increased risk of viral 
invasion and spread through ACE2 and TMPRSS2. The alternative re-
ceptor BSG and protease CTSL were generally expressed in testicular 
cell types. However, it has not yet been proven whether CTSL can ef-
fectively replace TMPRSS2 in viral S protein priming. 

Testicular pain and discomfort have been observed in some male 
patients infected with COVID-19 [17]. Compensated hypogonadism 
with no statistically significant difference in serum testosterone and 
follicle-stimulating hormone levels, but significantly higher serum 
luteinizing hormone levels, has also been reported [18]. These symp-
toms and signs suggest that SARS-CoV-2 infection may affect the 
testes. Although SARS-CoV-2 was detected in the testis by reverse 
transcription-polymerase chain reaction in one case [19], it is still un-
clear whether SARS-CoV-2 can directly penetrate the testis because 
there is no additional direct evidence of this possibility. However, in 
that study, a postmortem examination of the testes of 12 patients re-
vealed significant seminiferous tubular injury, reduced Leydig cells, 
and mild lymphocytic inflammation. 

SARS-CoV-2 may disrupt spermatogenesis through multiple perni-
cious mechanisms that include febrile conditions and oxidative 
stress. Febrile conditions can decrease the concentration of sperm 
and increase the proportion of abnormal sperm [20]. SARS-CoV-2 in-
fection activates oxidant-sensitive pathways via inflammatory re-
sponses, and reactive oxygen species are produced during this pro-
cess [21]. This stress stimulates the release of cytokines, causing an 
exaggeration of the inflammatory responses. Holtmann et al. [22] re-
ported that men who recovered from moderate COVID-19 infection 
showed a statistically significant impairment in semen parameters 
compared with men who recovered from mild symptoms and the 
control group. The detection of SARS-CoV-2 RNA in semen was re-
ported by Li et al. [23], though the methodology of sample collection 
appears flawed and there was a possibility of contamination. In other 
studies, no virus was detected in semen samples [22,24,25]. 

These results suggest that long-term effects of SARS-CoV-2 on 
male reproductive function are unlikely, and the possibility of trans-
mission of the virus from men through sexual intercourse and assist-
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ed reproductive techniques (ART) is low, although further research is 
required on this subject.  

Effects of SARS-CoV-2 on ovaries and female gametes  
To date, there are insufficient data on scRNA in human ovaries, 

specifically the outer ovarian cortex. Published scRNA-seq datasets 
on nonhuman primate ovarian tissue including oocytes and six so-
matic cell types (stromal cells, granulosa cells, smooth muscle cells, 
natural killer cells, macrophages, and endothelial cells) were ana-
lyzed [16]. According to these data, a subpopulation of oocytes in 
nonhuman primate ovarian tissue coexpressed ACE2 and TMPRSS2, 
while coexpression was not observed in ovarian somatic cells. The 
coexpression of ACE2 and TMPRSS2 in oocytes increased according 
to follicular maturation: primordial follicles expressed minimal coex-
pression, while 62% of antral follicles had detectable coexpression. 
Considering that antral follicles either undergo ovulation or regres-
sion within several days of the follicular phase in each menstrual cy-
cle, a sustained impact of the virus on oocytes seems unlikely. A tran-
scriptomic and proteomic analysis by Virant-Klun and Strle [26] also 
revealed that human oocytes expressed both genes and proteins for 
ACE2 and BSG. Essahib et al. [27] visualized the viral entry protein by 
immunohistochemistry using a donated human oocyte. In their 
study, BSG was mainly present on the oolemma, while ACE2 was not 
expressed in primary oocytes. 

The transcriptome analysis of human cumulus cells using novel 
RNA-seq datasets revealed that ACE2 is widely expressed in these 
cell types. By contrast, the expression of TMPRSS2 was reported to be 
absent or extremely low in human cumulus cells, which is concor-
dant with the primate scRNA-seq results. Therefore, cumulus cells 
may serve as a physical barrier, and oocytes enclosed with cumulus 
cells are unlikely to be susceptible to SARS-CoV-2 infection. However, 
the virus may affect oocytes in other ways, such as through oxidative 
stress, inflammatory cytokines, distorted metabolism, and changes 
within the ovarian follicle or ovarian cortical tissues. 

Effects of SARS-CoV-2 on embryos 
Available research results on human gametes indicate that SARS-

CoV-2 infection may not have a long-term effect on male and female 
reproductive function. Although this statement cannot be interpret-
ed as a definitive conclusion, it suggests that there is a low risk of vi-
ral transmission from gametes to embryos during ART, including oo-
cyte retrieval and in vitro fertilization. Although there is currently no 
evidence that SARS-CoV-2 is transmitted through coitus, ART mini-
mizes the risk of exposing reproductive cells to viral infection com-
pared to natural conception. 

Some viruses can infect developing embryos. For example, the 
Zika virus can infect and propagate into the trophectoderm cells of a 

preimplantation human embryo, causing apoptosis of neural pro-
genitor cells, microcephaly, and miscarriage [28]. Because SARS-
CoV-2 is highly contagious, and a significant number of infected indi-
viduals are asymptomatic, certain women are likely to become preg-
nant during the course of subclinical infection. This acts as a risk not 
only for women who are pregnant naturally, but also for women 
who are pregnant through ART. 

Analysis of publicly available scRNA-seq datasets of zygotes, four-
cell and eight-cell embryos, morulae, inner cell masses, epiblasts, 
primitive endoderms, and trophectoderms for the coronavirus re-
ceptors (ACE2, BSG), and the S protein cleavage enzymes (TMPRSS2, 
CTSL) showed that ACE2 and BSG are expressed in the cells from the 
zygote to blastocyst stages, including the trophectodermal lineage 
[29]. ACE2, TMPRSS2, BSG, and CTSL are coexpressed in some pro-
portion of epiblast cells and most trophectoderm cells. Moreover, 
the embryonic and trophectodermal cells also express genes for viral 
replication, interaction with SARS-CoV-2, and endosomal sorting 
complexes required for transport. Similarly, Weatherbee et al. [30] 
showed the expression and coexpression of ACE and TMPRSS2 genes 
in the trophoblast of the blastocyst and syncytiotrophoblast, as well 
as in the hypoblast, which develop into placental tissues that interact 
with the maternal blood supply for oxygen and nutrient exchange. 
Visualizing viral receptors through immunohistochemistry revealed 
that in preimplantation and peri-implantation blastocysts, ACE2 and 
BSG were present on the membrane of trophectoderm and hypo-
blast cells, which will both develop into the embryonic part of the 
placenta (chorion). Both receptors were also present on the mem-
brane of epiblast cells, which will differentiate into the embryo [27]. 

These results imply that SARS-CoV-2 is theoretically able to bind 
and invade human pre- and peri-implantation embryos. Both em-
bryonic and extra-embryonic cell lineages display these receptors. 
This indicates that the virus could invade the embryo at distinct time 
points before, during, and after implantation through vertical trans-
mission. Further research is needed to determine whether viral infec-
tion occurs in vivo or whether it causes failure of implantation, mis-
carriage, pregnancy complications, fetal compromise, and/or con-
genital malformations. 

Effects of SARS-CoV-2 on the endometrium and implantation 
The effects of SARS-CoV-2 on endometrial tissue and implantation 

remain inconclusive. In this situation, to determine the potential sus-
ceptibility of the endometrium to infection by SARS-CoV-2 and pos-
sible damage thereafter, Henarejos-Castillo et al. [31] assessed SARS-
CoV-2 infection-related gene expression of ACE2, TMPRSS2, TM-
PRSS4, BSG, cathepsin B (CTSB), CTSL, FURIN, and MX1 from endo-
metrial transcriptomic data sets. The results revealed that TMPRSS4 
increased viral susceptibility on its own, and this was observed in the 
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epithelial cells of gut tissue [32]. 
Transcriptomic data sets available across the phases of an endo-

metrial cycle were analyzed to evaluate the molecular risk of SARS-
CoV-2 infection. Gene expression data on normal endometrium from 
five studies were assembled throughout the menstrual cycle and in-
cluded samples from the proliferative phase, early secretory phase, 
mid-secretory phase, and late secretory phase. ACE2, the principal 
receptor for SARS-CoV-2 cell entry, showed low expression in the en-
dometrium. The expression of ACE2 increased (fold change, 2.47) 
from the early secretory to mid-secretory phases, implying an in-
crease of ACE2 expression during the window of implantation and a 
higher risk of viral infectivity at this stage. TMPRSS2, the major prote-
ase involved in SARS-CoV-2 cleavage together with ACE2, had medi-
um endometrial expression throughout the menstrual cycle. There 
was no correlation between TMPRSS2 and ACE2. These results imply 
that the endometrium is safe against SARS-CoV-2 infection. Other 
minor proteases such as TMPRSS4, CTSL, CTSB, and furin showed 
high expression during certain periods of the menstrual cycle, al-
though none of the highly expressed proteases in this study were re-
ported to initiate SARS-CoV-2 infection. The positive correlation be-
tween age and ACE2 from the proliferative to mid-secretory phases, 
especially in the early secretory phase, suggests that the endometri-
um in older women could be more susceptible to SARS-CoV-2 infec-
tion. However, no prospective studies have assessed the real-world 
clinical implications of this possibility, and verification is needed. 

Overall, the endometrium appears to have low susceptibility to 
SARS-CoV-2 infection based on low ACE2 and TMPRSS2 expression. 
Further research on endometrial tissue of women of reproductive 
age infected with SARS-CoV-2 will help determine whether the caus-
al implications deduced from molecular characterization of the en-
dometrium translates to actual clinical manifestations. 

Effects of SARS-CoV-2 on the placenta and pregnancy 
SARS-CoV-2 has the potential to affect the embryo. During the 

early developmental stage, the cells of the embryo are enclosed by a 
layer of trophectodermal cells that differentiate to form the placenta. 
ACE2 and TMPRSS2 are highly expressed in the developing trophec-
toderm and human placental cells. This suggests that the early stage 
of a placenta may be permissive to viral infection through vertical 
transmission of SARS-CoV-2 during early pregnancy via maternal 
blood. Indeed, virions were detected in the trophoblast cells of the 
placenta in pregnant women infected with COVID-19 [33-35]. Fur-
thermore, placental damage was observed in pregnancies compli-
cated by SARS-CoV-2 infection [36,37]. However, there are little ex-
perimental and clinical data concerning the actual risks of vertical 
transmission at this earlier stage of pregnancy. Likewise, there is a 
dearth of information on maternal and neonatal outcomes after 

SARS-CoV-2 infection in the first to second trimester of pregnancy. 
An existing systematic review and meta-analysis on pregnancy 

and neonatal outcomes reported an increased risk of preterm birth, 
preeclampsia, cesarean section, and perinatal mortality if COVID-19 
infection occurs in the early third trimester [38,39]. Consistently, a 
Centers for Disease Control and Prevention report on the U.S. popu-
lation showed that among 3,912 infants born to mothers with SARS-
CoV-2 infection, 12.9% were preterm ( < 37 weeks), which is higher 
than the US national estimate of 10.2% [40]. Among neonates with 
test results, 2.6% tested positive for SARS-CoV-2, and they were born 
primarily to mothers who were infected at delivery. The occurrence 
of preterm birth did not differ by the status of maternal symptoms. 
With regard to pregnancy outcomes, 99.3% had a live birth, 0.3% 
miscarried before 20 weeks, and 0.4% miscarried after 20 weeks. 
These study results are compared with those of previous coronavirus 
infections (SARS-CoV and MERS-CoV) in Table 2 [3,38-41]. 

Conflicting clinical reports have been published regarding SARS-
CoV-2 infection in neonates born to mothers infected with SARS-
CoV-2 before childbirth. Some studies reported no evidence of verti-
cal transmission in this situation, while others found that some neo-
nates were born with the SARS-CoV-2 infection [42,43]. However, the 
methods of sample detection or processing in many studies were 
flawed. Some studies failed to detect SARS-CoV-2 in neonates or only 
reported the presence of specific antibodies associated with the viral 
infection. Others detected the virus, but the route of transmission 
was not clear, as maternal or newborn blood, amniotic fluid, and pla-
centa were not thoroughly investigated in order to ascertain the ma-
ternal and neonatal relationship. Besides, in many of these cases, the 
possibility that secondary infection occurred immediately after birth 
among the caregivers cannot be excluded. 

A case report describing transplacental transmission of SARS-
CoV-2 in a neonate born to a mother infected at the end of the third 
trimester (35+5 weeks of gestational age) suggests that vertical 
transmission may be possible at this stage [44]. In this case, (1) ma-
ternal viremia; (2) placental infection demonstrated by immunohis-
tochemistry and a high viral load, and placental inflammation con-
firmed by histological examination and immunohistochemistry; and 
(3) neonatal viremia following placental infection were confirmed. 
These comprehensive virological and pathological investigations 
strongly suggest vertical infection. The neonate presented with neu-
rological manifestations indicated by white matter injury, gradually 
recovered, and was subsequently discharged from the hospital. 
Based on this case, transplacental transmission may be possible in 
the last weeks of pregnancy. Nonetheless, possible transmission and 
fetal consequences in the first or second trimester are not definitive, 
and further studies focusing on long-term outcomes in these cases 
are required. 
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Conclusions 

Through a review of the existing published studies, the possible ef-
fects of COVID-19 on human reproduction are summarized in Table 3. 
With regard to human gametes, sperm cells may not be at an in-
creased risk of viral entry and spread. Oocytes within antral follicles 
are surrounded by cumulus cells, which rarely express ACE2 and TM-
PRSS2. Thus, a sustained impact of the SARS-CoV-2 on oocytes also 
seems unlikely. These results suggest that infertility treatment can be 
performed safely if human gametes are obtained and manipulated 
in line with the established principles for preventing contamination 
in ART. Additional studies and data are needed to determine the pos-
sibility of SARS-CoV-2 affecting the endometrium during the implan-
tation period or the embryo in the early stages of development, and 
thereby interfering with implantation or increasing the rate of mis-
carriage. Since the probability of preterm delivery or pregnancy-re-

lated complications increases when a pregnant woman is infected 
with SARS-CoV-2, more emphasis should be placed on preventing 
infection in these women. However, additional studies on how as-
ymptomatic or self-limiting infection during pregnancy may affect 
long-term pregnancy outcomes or fetal and neonatal health should 
be conducted. Nevertheless, it is necessary to be cautious when con-
sidering the causal relationships in existing research findings, and the 
results of molecular biological and clinical studies that are actively 
being conducted in this area should be regularly reviewed. 

Over the last year, accumulated data on molecular virology, immu-
nobiology, and clinical manifestations of SARS-CoV-2 infection have 
improved the understanding of the effect of this novel disease on 
human reproduction. As knowledge of the infection increased, the 
guidelines of major academic societies on the implementation of 
ART also changed. The guidelines published by major organizations 
on human reproduction are listed in chronological order and sum-

Table 2. Pregnancy outcomes of SARS, MERS, and COVID-19

SARS (2002) MERS (2012) COVID-19
Case fatality rate 15% [41] 23% [41] 1% [39]
Pregnancy outcome (reported cases per pregnancy)
 Miscarriage 67% (8/12) [3] NA < 1% [40]
 Preterm delivery at < 37 weeks 33% (5/15) [3] 27% (3/11) [3] 26% (98/386) [39]

11% (506/4,442) [40]
 Preterm delivery at < 34 weeks 27% (4/15) [3] 27% (3/11) [3] 3% (149/4,442) [40]
 Cesarean delivery 78% (7/9) [3] 63% (5/8) [3] 93% (38/41) [3]

34% (1,331/2,589) [40]
Neonatal outcome (reported cases per neonate)
 Apgar score < 7 0% (0/4) [3] 0% (0/3) [3] 2% (1/41) [3]
 Neonatal death 0% (0/9) [3] 30% (3/10) [3] 1% (4/369) [39]
 Vertical transmission No case No case Possible

SARS, severe acute respiratory syndrome; MERS, Middle East respiratory syndrome; COVID-19, coronavirus disease 2019; NA, not applicable.

Table 3. Effect of COVID-19 on each component of human reproduction

Component Major effect
Male gamete Rare co-expression of ACE2 and TMPRSS2

Sperm cells may not be at an increased risk of viral invasion and spread.
Female gamete Increased co-expression of ACE2 and TMPRSS2 according to follicular maturation

Very low or no expression of TMPRSS2 on human cumulus cells
Oocytes enclosed with cumulus cells are unlikely to be susceptible to infection.

Embryo Co-expression of ACE and TMPRSS2 in the developing embryo
Possible viral infection; however, further evidence is required.

Endometrium Low ACE2 and TMPRSS2 expression
Assumed low susceptibility to SARS-CoV-2 infection; however, further research is needed.

Placenta High expression of ACE2 and TMPRSS2 in developing placenta
Vertical transmission through placenta in third trimester is possible; however, this has not been confirmed in the first or second trimester.

COVID-19, coronavirus disease 2019; ACE2, angiotensin-converting enzyme 2; TMPRSS2, transmembrane protease serine subtype 2; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2.
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marized in Table 4 [45-51]. In the early stages of the COVID-19 pan-
demic, the effects of SARS-CoV-2 on ART or pregnancy outcomes 
were unclear, and these concerns suggested that ART should be 
postponed except for emergent cases. However, one of the most im-
portant factors in determining fertility is the woman’s age, and the 
more deferred the infertility treatment, the worse the outcomes of 
ART. Moreover, the detrimental effects of SARS-CoV-2 infection in-
crease in severity with age, and this fact implies that older women of 
reproductive age undergoing ART could be at higher risk of severe 
symptoms and worsened ART and pregnancy outcomes. According-
ly, the time variable is crucial in specific subgroups of infertile cou-
ples, particularly women with a diminished ovarian reserve who 

tend to lose their fertility potential rapidly with an expected poor 
prognosis for ART. 

In light of the rapidly accumulated knowledge and consensus that 
infertility treatment should not remain suspended for a long time for 
the well-being of infertile couples and the health of society, ART 
should be maintained despite the pandemic. Regardless of the clini-
cal indications, ART should resume under established regulations for 
local circumstances and characteristics. Given the fact that SARS-
CoV-2 has high surface stability on various materials, there are many 
potential routes by which cross-contamination of reproductive tissue 
within the laboratory can take place. Patients should be screened be-
fore any procedures, and active COVID-19 infections and suspected 

Table 4. Representative international guidelines for infertility treatment during the COVID-19 pandemic

Organization Publication date Major points in the guidelines
FIGO [46] March 20, 2020 Avoid pregnancy and discontinue fertility treatment

Suspend the initiation of all new treatment and postpone all non-urgent fertility interventions
Oocyte/embryo cryopreservation to postpone pregnancy

ESHRE [47] April 23, 2020 ART treatments can be resumed for any clinical indication, in line with local regulations.
Vigilance and measured steps must be taken for safe practice
Discussion, agreement, and consent before starting treatment
Staff and patient triage: 2 weeks before treatment
Access to advice and treatment: patient education
Adaptation of ART services: sanitation/access restriction/mini teams
Treatment cycle planning: minimal exposure/re-triage
Code of conduct for staff and patients

ASRM [48] May 11, 2020 Clinics should weigh the benefits and risks of proceeding for the involved individuals.
Only the person undergoing the procedure should be present.
Preoperative viral testing (for SARS-CoV-2) should also be strongly considered.

ARCS and BFS [49] June 12, 2020 Resumption of fertility services must take place in a manner that minimizes the chances of spread.
Patients considering treatment should be fully informed about the effect of the ongoing pandemic on their 

treatment and give informed consent.
The fertility sector should adopt sustainable changes in working practices that help to build resilience 

against any future increases in the spread of COVID-19.
Minimizing clinical risk including OHSS

ASRM, ESHRE and IFFS [50] July 13, 2020 Reproductive care is essential for the well-being of society and for sustaining birth rates at a time that many 
nations are experiencing declines.

During the pandemic, reproductive medicine professionals should continue working.
Develop clear and codified plans to ensure the ability to provide care while maximizing the safety of patients 

and staff.
ASPIRE [51] November 26, 2020 Active SARS-CoV-2 infections and suspected cases should be excluded.

Tele-health and social distancing
Air quality control, including the use of air filtration and air pressurization, particularly in surgical and labora-

tory areas
Shared decisions and informed consent, detailing the risks of attending the facility during the SARS-CoV-2 

pandemic

COVID-19, coronavirus disease 2019; FIGO, International Federation of Gynecology and Obstetrics; ESHRE, European Society of Human Reproduction and 
Embryology; ART, assisted reproductive techniques; ASRM, American Society for Reproductive Medicine; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2; ARCS, Association of Reproductive and Clinical Scientists; BFS, British Fertility Society; OHSS, ovarian hyperstimulation syndrome; IFFS, 
International Federation of Fertility Societies; ASPIRE, Asia Pacific Initiative on Reproduction.
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patients should be excluded. Both patients and healthcare providers 
should adhere to the use of appropriate personal protective equip-
ment designated for each phase of the ART procedure. Infertility 
treatment laboratories manipulating gametes and embryos should 
establish and strictly follow good standard laboratory practices. 
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