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1  | INTRODUC TION

Pregnant women and their fetuses may be impacted dispropor-
tionally by emerging infections1 as exemplified by the 2009 H1N1 
influenza pandemic2 and the severe fetal complications of Zika 
virus.3,4 The novel coronavirus infection, severe acute respiratory 
coronavirus 2 (SARS-CoV-2), was first reported in Wuhan, China, 
on December 31, 2019, and was declared a pandemic by the WHO 
on March 11, 2020.5 Since then, the number of worldwide reported 
cases of COVID-19 has increased to 6.11 million and 370,000 deaths 

as of May 31, 2020.6 To combat the rapidly spreading virus, nations 
have implemented strategies to suppress and mitigate the communi-
ty-acquired infections such as social distancing, availability of rapid 
testing, contact tracing, and vaccine development.7,8

Coronaviruses are single-stranded RNA, enveloped, non-seg-
mented viruses which cause complications ranging from common 
cold to pneumonia and death.9 Common symptoms of SARS-CoV-2 
infection include fever, cough, myalgia, headache, and diarrhea.10 
Highly infective, the virus is transmitted to 2-3 people for every 
infected person, with a reproduction number (R0) of 2.2.11 While 
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Abstract
SARS-CoV-2 infection and pregnancy has been the topic of hundreds of publications 
over the last several months; however, few studies have focused on the implications 
of infection in early pregnancy and reproductive tissues. Here, we analyzed available 
evidence pertaining to SARS-CoV-2 infection, in early pregnancy, and in reproductive 
tissues. We searched PubMed and Embase databases in accordance with guidelines 
of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
for publications from inception to June 4, 2020. Four reviewers screened titles and 
abstracts and obtained full-text articles for analysis. Sixty-two studies were included 
in the review. Biological plausibility for infection with SARS-CoV-2 exists in testis, 
ovaries, and placenta as they express ACE2 receptor activity. In males, SARS-CoV-2 
infection could lead to functional abnormalities leading to spermatogenic failure and 
male infertility. In females, an alteration of the ACE2 cascade via SARS-CoV-2 infec-
tion could lead to impairment in important follicular and luteal processes. There is 
also evidence of significant placental pathology in SARS-CoV-2 infection, but it is 
unclear what effects there may be for early pregnancy, though available data suggest 
less severe effects compared to other respiratory virus outbreaks. Further investiga-
tion is needed regarding SARS-CoV-2 in reproductive function and early pregnancy.
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an estimated 80% of COVID-19 cases are mild and can be managed 
with home care, 15%-20% require hospitalization, with 5% of cases 
severe enough to require mechanical ventilation.6 The total mortal-
ity rate, including those from asymptomatic and mild cases, seems 
to be approximately 1%.12 The primary mode of transmission occurs 
similarly to that of other respiratory infections; droplet particles 
are inhaled through close physical contact with an infected person 
when coughing or sneezing.13 It does not appear that vertical trans-
mission from pregnant women to fetuses occurs14; however, this 
has not been determined conclusively. Other coronaviruses of the 
previous two decades, severe acute respiratory syndrome coronavi-
rus (SARS-CoV) and Middle East respiratory syndrome coronavirus 
(MERS-CoV), have caused severe respiratory infections in humans. 
The novel SARS-CoV-2 shares 82% of the genome of the virus that 
causes SARS-CoV.15 Since its first identification, more cases of 
COVID-19 have been counted than that of MERS and SARS com-
bined. Limited studies on SARS-CoV-1 reported increased morbidity 
and mortality in pregnant women, while some recent studies have 
shown women with SARS-CoV-2 are less likely to have complications 
comparatively.16,17 However, very little data are available regarding 
the effects of coronaviruses in early pregnancy.

Much of the available data focus solely on COVID-19 infections in 
the third trimester and the possibility of vertical transmission. Though 
there is a lack of concrete data, SARS-CoV-2 does have the poten-
tial to cause pregnancy complications in the first trimester including 
miscarriage and congenital abnormalities.18 In this paper, we aimed 
to summarize the available data related to the effects of SARS-CoV-2 
infection on the ovaries, testicles, gametes, and early pregnancy. In 
addition to current SARS-CoV-2 literature, we also investigate the po-
tential effects of COVID-19 in early pregnancy using published data 
and outcomes from the SARS-CoV and MERS-CoV pandemics.

2  | MATERIAL S AND METHODS

A systematic search in the literature published in the PubMed and 
Embase databases was conducted in accordance with the guidelines 
of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). Additional citations were identified from the re-
viewed literature. An academic data specialist developed the search 
strategy and searched the databases of PubMed and Embase from 
inception to June 4, 2020. We searched for articles that contained 
information related to SARS-CoV-2 and reproductive tissues (ova-
ries, testes), gametes, placentation, and early pregnancy in humans. 
Our search phrases included: “severe acute respiratory syndrome 
coronavirus 2”, “2019 ncov”, “sarscov 2”, “SARS-Cov-2”, “pregnancy”, 
“gravidity”, “abortion”, “germ cells”, “oocytes”, “gametes”, “embry-
onic structures”, “embryo”, “fertility”, “testes”, “miscarriage”(See 
Appendix 1 for completed list of databases search strategy and 
Figure 1 for PRISMA table). Due to limited number of publications 
available, we did not consider a sample size as an eligibility crite-
rion. Majority of the literature composed of case reports, guidelines, 
and editorials. We did not use the Cochrane RoB 2.0 tool due to 
the absence of randomized clinical trials. Similarly, due to lack of co-
hort studies, we did not use the Newcastle-Ottawa Scale to rate the 
studies.

Using a standardized form, 4 reviewers (HS, MG, EK, and BS) 
screened titles, abstracts, and full-text articles reporting potentially 
eligible studies. Any disagreements were resolved with a third re-
viewer (JS). We acknowledge the possibility of bias in this literature 
review due to inclusion of the limited research data available. SARS-
CoV-2-related reporting is increasing exponentially, and this review 
is limited to the date of the literature search was conducted. The 
search strategy described above identified 2,828 articles, of which 

F I G U R E  1   PRISMA flow chart of 
article identification, retrieval, review and 
inclusion

Records iden�fied through 
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131 were considered for full review. Sixty-two articles met the inclu-
sion criteria and were used to support this review.

3  | RESULTS

Table 1 summarizes case series and studies of SARS-CoV-2 infection 
within various reproductive tissues in patients who tested positive 
for SARS-CoV-2.

3.1 | SARS-CoV-2 effects on testes and 
spermatocytes

Spermatogonia, Sertoli, and Leydig cells are predominantly enriched 
in ACE2 (19, 20). SARS-CoV-2 and MERS-CoV use ACE2 receptors to 
gain entry into host cells.21 Wang et al19 performed uniform manifold 
approximation and projection (UMAP) and marker gene analyses to 
identify nine major cell cluster in testicular cells. ACE2 expression was 
determined by analyzing the RNA expression profile of ACE2 at single-
cell resolution. Spermatogonia and spermatids showed concentrated 

expression of transmembrane serine protease 2 (TMPRSS2) for viral 
spike (S) protein priming. Both Zhao and Wang19,20 also reported al-
most 3-fold higher percentage expression of ACE2 in Leydig and Sertoli 
cells compared to spermatogonia (4.25% vs. 1.40%). SARS-CoV-2 uses 
TMPRSS2 and SARS-CoV-2 ACE2 receptors to gain entry into host 
cells.22 Therefore, there is a high potential for SARS-CoV-2 infection in 
human testes. In situ hybridization, morphological, and immunohisto-
chemical analysis were performed on 6 testis obtained at autopsy from 
confirmed SARS-CoV-2-infected males and from 4 non-SARS autopsy 
control testis samples.23 All control testis had normal morphology, 
whereas the SARS-CoV-2-infected testis showed peritubular fibrosis 
and vascular congestion along with extensive germ cell destruction. 
There were significantly more CD3+ T lymphocytes and CD68+ mac-
rophages (0.65% and 2.11% in control vs. 4.49% and 11.72%) infected. 
However, the virus did not affect the testis directly since in situ hy-
bridization, using both sense and antisense RNA probes, showed no 
staining.23 A cohort study by Li enrolled 38 SARS-CoV-2 patients for 
semen testing using RT-PCR and found 6 patients had positive results 
for SARS-CoV-2 (4 in acute stage of the disease and 2 in recovery). 
However, no information is known about virus shedding, survival time, 
and concentration in semen.24 A cross-sectional observational study 

TA B L E  1   Summary of case series and studies of SARS-CoV-2 infection within various reproductive tissues in patients who tested positive 
for SARS-CoV-2

Tissue assayed and study
PCR 
investigation

Pathologic 
investigation Summary of results

Testis

Li et al24 Yes No Six of 38 patients with positive RT-PCR for SARS-CoV-2 in semen

Pan et al25 Yes No One patient of 34 with positive qRT-PCR for SARS-CoV-2 in semen

Ovaries and oocytes

None

Placenta and placental membranes

Chen et al42 Yes No Nine placentas tested
No positive results

Liu et al 53 Yes No Three placentas tested
No positive results

Fan et al41 Yes No Two placentas tested.
No positive results.

Baergen et al49 No Yes Ten of 20 placentas showed evidence of fetal vascular malperfusion 
or fetal vascular thrombosis

Shanes et al50 No Yes Twelve of 15 placentas with evidence of maternal vascular 
malperfusion; 7 of 15 placentas with decidual arteriopathy

Penfield et al51 Yes No Three of 11 placental swabs positive

Patane et al52 Yes Yes Two of two positive results for SARS-CoV-2 RNA on fetal side of 
placenta

Both placentas with chronic intervillositis

Vaginal secretions

Qiu et al56 Yes No Ten non-pregnant women swabbed
No positive results

Liu et al53 Yes No Three vaginal swabs tested (peripartum).
No positive results

Fan et al41 Yes No Two vaginal swabs tested (peripartum)
No positive results
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by Pan et al identified the presence of SARS-CoV-2 by qRT-PCR in 
a single ejaculated sample of 34 confirmed cases of SARS-CoV-2 in 
China. SARS-CoV-2 was not detected in the semen 1 month after di-
agnosis. They also reported sparse expression of ACE2 and TMPRSS 
2 using single-cell transcriptome analysis, with almost no overlapping 
gene expression.25

Both Jung and Carlsen reported that male fertility may be di-
minished due to fever associated with the SARS-CoV-2 infection for 
up to 72-90 days following infection as fever can lead to decreased 
sperm concentration and motility.26,27 In addition, SARS-CoV-2 pa-
tients may develop cytokines storm syndrome (hemophagocytic 
lymphohistiocytosis), which can impact testicular function and main-
tenance, as cytokines microenvironment is critical to testicular func-
tion and alterations may be tumorigenic.28,29

3.2 | SARS-CoV-2 effects on ovaries and oocytes

As stated earlier, SARS-CoV-2 uses TMPRSS2 and SARS-CoV-2 
ACE2 receptor to gain entry into host cells.21 Both reproductive-age 
women and post-menopausal women have ACE2 mRNA transcripts 
expressed abundantly in the ovary.30 Therefore, the female repro-
ductive system is potentially at a high risk of SARS-CoV-2 infection. 
There are no studies that evaluate SARS-CoV-2 infection inhuman 
ovarian tissue and cells.

3.3 | SARS-CoV-2 and effects on placenta and 
placental membranes

The ACE2 receptor is widely expressed in the placenta.31 Overall, 
there is limited evidence regarding SARS-CoV-2 and transplacen-
tal transmission, though most reviews and the American College 
of Obstetrics and Gynecology have stated there is no conclusive 
evidence of transplacental transfer of SARS-CoV-2 from infected 
mothers.32,33 Comparable to other more well-known transplacen-
tal infections, which are known to have hematogenous infectivity, 
SARS-CoV-2 has been shown to produce RNAemia and therefore 
plausibly could be transmitted via a transplacental route.34 At pre-
sent, the literature regarding vertical transmission is mixed; several 
recent studies have concluded there is no definitive evidence of 
vertical transmission,35-37 while others have findings that suggest in 
utero transmission may occur, as evidenced by presence of neonatal 
IgM antibodies (which cannot otherwise be transferred transpla-
centally) 38-40 and neonatal nasopharyngeal and anal SARS-CoV-2 
RNA isolation.41 While this evidence of transplacental transmission 
is compelling, dedicated study of placental histopathology and PCR 
as it relates to SARS-CoV-2 is needed to better distinguish transpla-
cental versus intrapartum versus post-partum vertical transmission.

Our review identified two dedicated studies of placental histo-
pathology in SARS-CoV-2. In one study investigating placentas of 
SARS-CoV-2-positive mothers, 45% showed low-grade fetal vas-
cular malperfusion, though notably all infants tested negative.42 

Interestingly, Shanes et al 43 noted higher rates of arteriopathy and 
maternal vascular malperfusion than controls, whereas findings of 
fetal malperfusion were non-significant compared to controls. Both 
studies noted significant increase in intervillous thrombi, which may 
be a direct correlate to the thromboembolic disorders believed to 
occur in SARS-CoV-2. Data regarding placental viral isolates in spe-
cifically SARS-CoV-2 are scarce and with mixed results. To date, 
there are few published reports of the presence of SARS-CoV-2 
RNA in placenta or membrane samples.44,45 In the study by Penfield 
et al,44 3 of 11 placental or membrane swabs were positive within 
30 minutes of delivery in women with severe to critical COVID-19 
at time of delivery. Notably, there were no signs of vertical trans-
mission, and all infants were negative, raising the distinct possibility 
of contamination. A study by Patane et al45 is the first to specifically 
describe SARS-CoV-2 RNA on the fetal side of the placenta. In two 
other published reports, viral PCR was performed on placental tissue 
and/or all products of conception in mothers diagnosed with symp-
tomatic SARS-CoV-2 infection following third trimester delivery. All 
samples were negative.36,46 To date, there appears to be a single 
study directed at investigating the intrauterine environment of early 
pregnancy and SARS-CoV-2 with several limitations.47 Specifically, 
the study retrospectively reviewed records and laboratory results 
for two symptomatic women with COVID-19 in the first trimester. 
The first woman, at 8-week gestation, was given a clinical diagnosis 
given husband's diagnosis at home as well as radiologic findings. The 
second woman was diagnosed at 10-week gestation via nasopharyn-
geal test. On the day of amniocentesis, both patients were negative 
for SARS-CoV-2 RNA via throat swabs, but positive for SARS-CoV-2 
IgG antibodies in serum (the first woman also had IgM antibodies). 
SARS-CoV-2 RNA was not isolated in the amniotic fluid, though no-
tably amniotic samples were collected over a month after symptom 
resolution and testing positive. However, according to Center for 
Disease Control, it is anticipated that SARS-CoV-2 infection will af-
fect fetal development like other respiratory coronaviruses.

3.4 | SARS-CoV-2 and effects on vaginal secretions

The status of SARS-CoV-2 within the vaginal environment is cur-
rently unknown. Many viruses have been previously isolated within 
vaginal fluid, such as hepatitis C virus and Zika virus, which are both 
RNA viruses. At present, it is not believed that SARS-CoV-2 is able 
to be sexually transmitted, which is consistent with other histori-
cal coronaviruses. However, inability for sexual transmission does 
not preclude SARS-CoV-2 from having a significant clinical impact. 
To our knowledge, there is one study investigating the presence of 
SARS-CoV-2 in the vaginal fluid of women with severe SARS-CoV-2. 
Other studies that tested vaginal swabs were tested in the peri-
partum period and were negative.36,46 Specifically, 10 women with 
severe COVID-19 were tested or SARS-CoV-2 in vaginal fluid, with 
all samples negative for virus.48 Notably, these women were post-
menopausal and swabs were taken 17 or more days after onset of 
disease.
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4  | DISCUSSION

In summary, a systemic review of the literature was performed in 
accordance with PRISMA methodology regarding SARS-CoV-2 in-
fection and its impact on reproductive tissues, gametes, and early 
pregnancy. In total, there were 62 articles identified. Overall, there 
are very limited data regarding SARS-CoV-2 infection and its clinical 
implications for many facets of reproduction. Biological plausibility 
exists for severe consequences to both male and female reproduc-
tive potential and at present, caution seems warranted.

4.1 | Effects on testes and spermatocytes

Both Sertoli and Leydig cells have been demonstrated to have abun-
dant ACE2 expression. Within the male reproductive system, it has 
been suggested that SARS-CoV-2 infection can lead to functional 
abnormalities leading to spermatogenic failure and male infertility by 
affecting the male germ cells and the supporting somatic cells.23 The 
remaining questions are what percent of men have long-term im-
paired testicular function following COVID-19 and to what degree.

4.2 | Effects on ovaries and oocytes

Animal studies have demonstrated that ACE2 is present within mu-
rine, leporine, bovine, and equine ovarian tissue (including but not 
limited to stromal cells, granulosa cells, and oocytes). Furthermore, 
in these studies, ACE2 is known to be an essential protein involved in 
multiple cascades responsible for steroid secretion,49,50 oocyte mat-
uration and ovulation, and resumption of meiosis in the oocyte 51,52 
through its interplay with Ang-II and Ang-(1-7). Most importantly, in 
regard to early pregnancy, Ang-II and Ang-I (and by extension ACE2) 
have been shown to be key proteins involved in formation, main-
tenance, and regression of corpus luteum.53 Alterations in this cas-
cade of proteins responsible for normal development of the corpus 
luteum may explain how SARS-CoV-2 can negatively impact early 
pregnancy. In the human ovary, there is evidence that folliculogen-
esis, oocyte maturation, and ovulation involve the renin-angiotensin 
aldosterone (RAS) system, an important component which involves 
ACE2 enzyme expression.49 Therefore, SARS-CoV-2 could theoreti-
cally damage ovarian tissue and decrease ovarian function and oo-
cyte quality, resulting in female infertility or even miscarriage. The 
role of ACE2 with Ang-II and Ang-(1-7), and their demonstrated im-
portance in the formation and maintenance of corpus luteum, could 
explain how alterations in ACE2 may negatively impact early preg-
nancy.24,53 Specifically, the impact of SARS-CoV-2 may be two-fold: 
the effects of SARS-CoV-2 viral infection and local immune reaction 
itself, as well as the downstream consequences of altering the essen-
tial ACE2 and ACE2 receptor mechanism. Specifically, as the ACE2 
and ACE2 receptor cascades are involved in multiple basic ovarian 
processes, it may be reasonable to infer that their normal function 
and availability could be altered due to SARS-CoV-2 use for entry.

4.3 | Effects on placenta

Notably, placental pathology in the setting of respiratory illness is 
difficult to interpret, as protracted respiratory compromise and ma-
ternal hypoxia drive the release of potent vasoconstrictors resulting 
in placental hypoperfusion. Uterine blood flow might decrease with 
systemic vasodilatation due to shock. Possible resultant pathology 
findings as evidence of vertical transmission may be confounding 
and may not provide clarity regarding infection of placental tissue 
itself versus reactive changes from hematogenous spread originat-
ing upstream. An important though subtle consideration is the dis-
tinction between intrinsic placental cellular effects of SARS-CoV-2 
versus reactive pathology as a consequence of upstream changes 
in maternal-fetal physiology due to acute infection. Future studies 
may benefit from using placentas in other respiratory illnesses, such 
as influenza, as a control group to decipher if certain findings are 
pathognomonic for SARS-CoV-2 illness.

4.4 | Effects on early pregnancy and early 
placental tissue

The effect of SARS-CoV-2 on early pregnancy is still unknown, and 
any potential effects are extrapolations from cell-level plausibility 
and experiences from other recent viral respiratory syndromes, such 
as SARS and MERS. Very limited data may suggest that there are 
higher miscarriage rates with SARS and MERS versus COVID-19.35 
Developmental consequences of continued pregnancies in setting 
of resolved early pregnancy SARS-CoV-2 infections have not been 
described, and dedicated studies are desperately needed. Indirect 
effects of the COVID-19 pandemic, which include varying chemical 
exposures, treatments, and consequences of psychological stress, 
are also important considerations.

There is mixed evidence regarding transplacental transmission of 
SARS-CoV-2, though the biological plausibility via the ACE2 receptor 
and maternal-fetal interface exists. The reports to date of a less sig-
nificant effect of SARS-CoV-2 on early pregnancy, as reflected by a 
less severe miscarriage rate, should be regarded with caution. There 
are not yet enough published reports regarding early pregnancy and 
effects of SARS-CoV-2, perhaps owing to the overall proportionally 
decreased number of miscarriages seen associated with COVID-19 
compared to SARS/MERS epidemics. In the absence of robust data 
regarding viral isolation within placental samples and ensuing clinical 
consequences, other placental histologic markers of infection should 
be examined. However, this could be confounding as an important 
though subtle consideration is the distinction between systemic ver-
sus local effects of viral infection, as mentioned in the discussion 
section of “Effects on placenta.” Additionally, it should be noted that 
the aforementioned studies investigate placental consequences in 
symptomatic women. Given the current timeframe of pandemic, it 
is not yet known whether there could be in utero, thereby trans-
placental, sequelae from asymptomatic infection. Additionally, suffi-
cient data may not yet even be available, as women whose estimated 
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date of conception coincides with the WHO declaration of pandemic 
(March 11, 2020) are only just now completing their first trimester. 
Prior to the current pandemic, there has been limited histopatho-
logic assessment of placenta or products of conception in women 
infected with coronaviruses. Additionally, the vast majority of pres-
ently published studies involve women who acquired the disease in 
the third trimester. The most robust data in placental pathology and 
coronavirus are born out of the 2002-2003 SARS-CoV coronavirus 
epidemic. Specifically, a study by Ng et al54 demonstrated that pla-
centas from third trimester pregnancies complicated by acute mater-
nal SARS-CoV infection showed extensive pathologic abnormalities 
with resultant significant fetal morbidity; specific pathologic placen-
tal findings included areas of avascular chorionic villi and increases 
in intervillous or subchorionic fibrin deposition. This study makes no 
mention of SARS-CoV RNA isolation or specific viral cytopathic ef-
fects, however. Another study investigating vertical transmission of 
SARS-CoV found that RT-PCRs and viral cultures of placental tissues 
and amniotic fluid were all negative.55

While the relationship between SARS-CoV, SAR-CoV-2, and third 
trimester placental tissues has been investigated, it is unclear what 
the implications may be for infection of early placental tissue and 
early pregnancy and furthermore the specific consequences related 
to gestational age at time of infection. One study investigating ACE2 
expression in human placental tissue, which is a known main protein 
for SARS-CoV and SARS-CoV-2 viral transmission,31 showed differ-
ential expression of ACE2 based on gestational age. For example, the 
expression of ACE2 was at very low levels in placental trophoblastic 
cells in the first trimester, with increased expression at 24-week gesta-
tional age. This lower level ACE2 expression in the first trimester could 
suggest a decreased vulnerability to transplacental infection in early 
pregnancy. In comparison with Zika virus (ZIKV), which is known to 
be transmitted transplacentally and cause significant adverse preg-
nancy outcomes, AXL (an essential ZIKV entry cofactor) is more con-
centrated in the early maternal-fetal interface. This may explain how 
ZIKV is more readily transmitted in early pregnancy.56 Interestingly, 
although SARS-CoV-2 and SARS-CoV seem to share this same patho-
genic receptor and additionally have up to 85% sequence similarity,57,58 
by all published reports, the effect on early pregnancy appears very 
different between the two infections. While a study by Ng et al54 de-
scribed normal placental pathology findings in women convalescent 
from SARS-CoV who had spontaneous miscarriage in the first trimes-
ter, the miscarriage rate overall with SARS-CoV infection appears more 
severe. Specifically, data regarding miscarriage rate in SARS and MERS 
outbreaks may suggest a more severe effect on early pregnancy phys-
iology, for example, higher spontaneous pregnancy loss, than in SARS-
CoV-2 infection. One study demonstrated a 2% miscarriage/stillbirth 
rate for SARS-CoV-2% vs 18% and 25% for MERS-CoV and SARS-
CoV, respectively.35 Another study performed during the 2002-2003 
SARS pandemic showed that 4 of 7 (57%) pregnant women infected 
with SARS-CoV had a spontaneous miscarriage in the first trimester 
of pregnancy,55 though notably no viral inclusion bodies or particles 
were detected in the products of conception. Additional biochemical 
studies do not aid in further clinical understanding, as biophysical and 

structural evidence shows that SARS-CoV-2 actually binds ACE2 with 
higher affinity than SARS-CoV and therefore could plausibly transmit 
to placenta to a greater degree than SARS-CoV.59 This does not ap-
pear to be consistent with the better outcomes seen with SARS-CoV-2 
infection and pregnancy, and it is clear that further investigation is 
needed.

Notably, only transient positive results in amniocentesis have 
been reported for other RNA virus infections (Zika), and these pa-
tients were outside of the standard gestational age range for tradi-
tional amniocentesis.

4.5 | Effects on vaginal secretions

In the event it is discovered that SARS-CoV-2 may be isolated in vagi-
nal secretions, the implications, though unknown, could represent 
a mechanism for ascending infection. Interestingly, an animal study 
investigating rat coronavirus (RCV) found that in addition to infect-
ing respiratory epithelium, it also infects the genital tract of females, 
reportedly causing perturbations of the hormonal cycle and miscar-
riage.60,61 Isolation of virus within vaginal fluid could also theoreti-
cally represent a disruption of a microbiome or “virome,” of which 
the consequences of disruption may be reproductive failure, predis-
position to other infection, and pregnancy complications. One study 
showed that higher viral diversity in the vagina was significantly as-
sociated with preterm birth.62 Notably, viruses isolated in this study 
included adenoviruses, which are an important cause of respiratory 
illness globally. As such, it is important to understand the relation-
ship of SARS-CoV-2 within vaginal fluid, as understanding implica-
tions of SARS-CoV-2 in early pregnancy may alter counseling, work 
up, and approach to pre-pregnancy counseling and intervention.

5  | CONCLUSIONS

The COVID-19 outbreak continues to increase in the number of 
cases, deaths, and countries affected. Current data regarding re-
productive tissues and early pregnancy in SARS-CoV-2 infection 
are limited. This may be a result of restricted capabilities of re-
search institutions in time of pandemic, decreased patient inter-
action within hospitals and institutions due to social reasons and 
policy, and absolute gestational age relative to time and testing 
abilities within the pandemic, as many women are just now com-
pleting their first trimester.

In light of the currently available evidence, specific recommen-
dations beyond standard personal protective equipment, social 
distancing accommodations, and hygienic practices can be made. 
Specifically, it can be suggested that clinicians practicing assisted 
reproductive technology should be particularly cautious, as SARS-
CoV-2 infection and systemic effects may impact testicular tis-
sues, ovarian tissue, and granulosa cells and therefore testicular 
and ovarian function, spermatozoa, oocyte quality, and pregnancy 
outcomes.24
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For men, there is evidence of direct testicular pathology as a re-
sult of SARS-CoV infection. While long term testicular pathology has 
not yet been directly studied following SARS-CoV-2 infection, RNA 
has been isolated in semen in both acute and recovery phases of 
infection. It is unclear how SARS-CoV-2-infected spermatic cells in 
combination with both local and systemic immune responses may 
impact male fertility, and furthermore, how long and to what de-
gree impairment may exist. This plausible impairment and its conse-
quences should be recognized by clinicians, and counseling should 
reflect these possibilities.

In females, limited data are available on pregnant women with 
COVID-19 on which to base recommendations for pregnancy-spe-
cific care and infertility care. However, early reports and lessons 
from SARS-CoV, MERS-CoV, and other respiratory infections sug-
gest that there may be a lesser severe impact with SARS-CoV-2 on 
early pregnancy physiology, as suggested by a lesser comparative 
miscarriage rate. Considering this knowledge gap, it is important for 
clinicians to continue to have open conversations with their patients, 
as evolving understanding of SARS-CoV-2 in early pregnancy may 
alter counseling, work up, and approach to pre-pregnancy counsel-
ing and intervention.

As standard reproductive health, pre-pregnancy, and pregnancy 
patient care resumes, surveillance systems involving widespread 
testing of patients and tissues, as well as pathological evaluation, 
must be established to better investigate SARS-CoV-2 effects on re-
productive health and early pregnancy.
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APPENDIX 
SE ARCH STR ATEGIES
PubMed
(("severe acute respiratory syndrome coronavirus 2"[Supplementary 
Concept] OR "severe acute respiratory syndrome coronavirus 2"[All 
Fields] OR "2019 ncov"[All Fields]) OR ("severe acute respiratory 
syndrome coronavirus 2"[Supplementary Concept] OR "severe acute 
respiratory syndrome coronavirus 2"[All Fields] OR "sars cov 2"[All 
Fields]) OR (corona[All Fields] AND ("viruses"[MeSH Terms] OR 
"viruses"[All Fields] OR "virus"[All Fields])) OR ("coronavirus"[MeSH 
Terms] OR "coronavirus"[All Fields]) OR ("COVID-19"[All Fields] OR 
"COVID-2019"[All Fields] OR "severe acute respiratory syndrome 
coronavirus 2"[Supplementary Concept] OR "severe acute res-
piratory syndrome coronavirus 2"[All Fields] OR "2019-nCoV"[All 
Fields] OR "SARS-CoV-2"[All Fields] OR "2019nCoV"[All Fields] 
OR (("Wuhan"[All Fields] AND ("coronavirus"[MeSH Terms] OR 
"coronavirus"[All Fields])) AND (2019/12[PDAT] OR 2020[PDAT]))) 
OR ("COVID-19"[Supplementary Concept] OR "COVID-19"[All 
Fields] OR "covid19"[All Fields])) AND (("gravidity"[MeSH 
Terms] OR "gravidity"[All Fields] OR "pregnant"[All Fields]) OR 
("pregnancy"[MeSH Terms] OR "pregnancy"[All Fields]) OR ("live 
birth"[MeSH Terms] OR ("live"[All Fields] AND "birth"[All Fields]) OR 
"live birth"[All Fields]) OR ("abortion, spontaneous"[MeSH Terms] OR 
("abortion"[All Fields] AND "spontaneous"[All Fields]) OR "spontane-
ous abortion"[All Fields] OR "miscarriage"[All Fields]) OR ("abortion, 
induced"[MeSH Terms] OR ("abortion"[All Fields] AND "induced"[All 

Fields]) OR "induced abortion"[All Fields] OR "abortion"[All Fields]) 
OR ("parturition"[MeSH Terms] OR "parturition"[All Fields] OR 
"birth"[All Fields]) OR ("J In Vitro Fert Embryo Transf"[Journal] 
OR "ivf"[All Fields]) OR ("IUI"[Journal] OR "iui"[All Fields]) OR 
("sex"[MeSH Terms] OR "sex"[All Fields]) OR ("fertility"[MeSH 
Terms] OR "fertility"[All Fields]) OR ("infertility"[MeSH Terms] OR 
"infertility"[All Fields]) OR ("germ cells"[MeSH Terms] OR ("germ"[All 
Fields] AND "cells"[All Fields]) OR "germ cells"[All Fields] OR 
"gamete"[All Fields]) OR ("oocytes"[MeSH Terms] OR "oocytes"[All 
Fields] OR "oocyte"[All Fields]) OR ("embryonic structures"[MeSH 
Terms] OR ("embryonic"[All Fields] AND "structures"[All Fields]) OR 
"embryonic structures"[All Fields] OR "embryo"[All Fields]))

Embase
('2019 ncov' OR 'sars cov 2' OR 'corona virus'/exp OR 'corona 
virus' OR (corona AND ('virus'/exp OR virus)) OR 'coronavirus'/exp 
OR coronavirus OR 'covid 19' OR covid19) AND (pregnant OR 'preg-
nancy'/exp OR pregnancy OR 'live birth'/exp OR 'live birth' OR 
(live AND ('birth'/exp OR birth)) OR 'miscarriage'/exp OR miscar-
riage OR 'abortion'/exp OR abortion OR 'birth'/exp OR birth OR 'ivf'/
exp OR ivf OR iui OR 'sex'/exp OR sex OR 'fertility'/exp OR fertil-
ity OR 'infertility'/exp OR infertility OR 'gamete'/exp OR gam-
ete OR 'oocyte'/exp OR oocyte OR 'embryo'/exp OR embryo)


