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Abstract

Purpose The ongoing coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), has imposed a heavy burden on medical systems. In addition to the respiratory system, the virus
also causes injuries to other organs and systems such as the gastroenteric system, kidneys, and reproductive system. Female
reproductive health requires more attention in this context.

Methods We have performed a thorough review of the relevant literature that addresses the impacts of SARS-CoV-2 infec-
tion and COVID-19 vaccination on the female reproductive system.

Results Most evidence shows that SARS-CoV-2 does not infect the female reproductive system. However, the virus may
indirectly influence sex hormone concentrations through inflammation associated with cytokine storms and nervous system
damage. Menstrual disorders in women infected with SARS-CoV-2 may be caused by down-regulation of angiotensin-
converting enzyme 2, abnormal hormone levels, medications, and stress. There is no significant difference in ovarian follicle
quality and in vitro fertilization parameters between the pre- and post-COVID-19 vaccination groups. In addition, most
symptoms due to side effects of vaccination could recover within a short period of time.

Conclusion SARS-CoV-2 infection affects female reproductive system function through multiple mechanisms. It is recom-
mended that women of childbearing age be vaccinated with COVID-19 vaccine.
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What does this study add to the clinical work Introduction

Some female patients infected with SARS-CoV-2
showed abnormal changes in sex hormone concen-
trations and menstruation. Additionally, the impact
of COVID-19 vaccination on menstruation is no
different from the short-term and reversible side
effects of other vaccination.

Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
broke out in December 2019. The disease has overwhelmed
the healthcare systems around the globe at an unprec-
edented level. As of December 9, 2022, it has resulted in
643,875,406 confirmed cases and 6,630,082 deaths [1]. The
main clinical manifestations of SARS-CoV-2 infection range
from asymptomatic through mild respiratory infection and
influenza-like illness (mainly fever, cough, and fatigue), to
severe disease with accompanying lung damage, multiple
organ failure, and death [2, 3]. New insights highlight that
other organs and systems can also be infected by the virus.
Indeed, diarrhea, nausea, and vomiting are reported in a
minor fraction of the cases, suggesting the involvement of
the gastroenteric system [4]. Furthermore, proteinuria and
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clinical symptoms like scrotal discomfort caused by SARS-
CoV-2 had been reported [7]. Leydig cell reduction, orchitis,
and sex hormone abnormalities have also been found [8—10].
As well known, more than 70% of healthcare and social care
workers worldwide are women, and these populations are
more susceptible to exposure to the virus. Thus, female fer-
tility and reproductive health also require more attention in
the COVID-19 era. Considering these elements, this review
starts with whether SARS-CoV-2 can directly infect the
female reproductive system, and focuses on the impact of
virus infection on female sex hormones, ovarian reserve,
and menstruation. Additionally, the article also addresses
whether COVID-19 vaccination has any severe side effects
on the female reproductive system.

SARS-CoV-2 in female reproductive system

It is well known that SARS-CoV-2 utilizes angiotensin-con-
verting enzyme 2 (ACE2) as the primary receptor-binding
site to invade target host cells [11]. The ACE2 is expressed
in many female reproductive organs, such as ovaries, uterus,
and vagina [12—14]. In addition, basigin/CD147 has already
been identified as a potential additional host receptor for
viral entry [15]. This highly glycosylated transmembrane
protein can also be found in the ovaries, uterus, and pla-
centa [16—18]. Luongo et al. confirmed the viral infection
of human granulosa cells and cumulus cells in vitro using
immunofluorescence for spike and nucleocapsid virus pro-
teins [16]. Thus, it has been hypothesized that the female
reproductive system may be a potential target of SARS-
CoV-2. However, several studies did not detect the virus in
the oocytes and cervical exfoliated cells of female patients
with COVID-19 [19, 20]. In addition, the presence of the
virus in somatic ovarian cells has not been reported to date.

Many viruses have previously been isolated within vag-
inal fluid, such as hepatitis C virus and Zika virus, both
of which are RNA viruses. Understanding whether the
SARS-CoV-2 is present in vaginal fluid will provide use-
ful information for determining the transmission route of
SARS-CoV-2 and the ideal mode of delivery. Fortunately,
several studies have failed to detect the presence of the
virus in vaginal samples from pregnant and non-pregnant
women of reproductive age with COVID-19 [21, 22]. More-
over, vaginal fluid samples from postmenopausal women
with severe respiratory symptoms also tested negative
for SARS-CoV-2 [23]. However, a study found a positive
reverse transcriptase-polymerase chain reaction (RT-PCR)
for the virus in the vaginal fluid of a postmenopausal woman
among 51 pregnant and non-pregnant patients with mild-to-
moderately severe COVID-19 [24]. Of note, Khoiwal et al.
collected 15 vaginal and 12 cervical swabs from women with
positive nasal PCR tests, and analyzed these samples for
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SARS-CoV-2 with two different techniques. In the first tech-
nique, they performed real-time RT-PCR treated as per the
World Health Organization standard protocol. Subsequently,
the second sample aliquot was processed for transcription-
mediated amplification, and detection was performed by
nucleic acid hybridization. All samples tested negative with
RT-PCR. However, the virus was identified in the vaginal
fluid of three participants with the transcription-mediated
amplification system [25]. It is important to emphasize that
the small sample size may be potential limitation of these
studies. A larger cohort and longer duration of study is still
needed to conclude whether SARS-CoV-2 infects the vagina.
In addition, it is recommended to use different techniques to
detect the virus in samples that were obtained from systems
other than the respiratory system.

The effects of SARS-CoV-2 on hormones
and ovarian reserve

Ovarian endocrine system seems not to be severely affected
in most female patients with COVID-19. For example, Li
et al. did not find statistically significant differences in the
concentrations of all sex hormones between COVID-19
patients and the controls. Moreover, sub-group analysis of
menstrual changes revealed no significant changes in sex
hormone concentrations in either menstrual cycle changes,
volume changes, or simultaneous cycle and volume changes
[26]. However, it was undeniable that some patients had
inappropriately high concentrations in their sex hormone,
such as follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), and prolactin (PRL), which may indicate ovar-
ian suppression in these patients [26, 27]. It is well known
that sex hormones have been shown to reduce inflamma-
tory responses. Increased sex hormones in some COVID-19
patients may be a response to decrease inflammation associ-
ated with cytokine storms. Moreover, the nervous system
could be destroyed by SARS-CoV-2 [28]. Thus, the signifi-
cant increase in serum pituitary hormone LH and PRL level
might partly result from the direct impact on brain tissue. In
addition, women are prone to anxiety during the epidemic
of COVID-19. 36 of the 75 (48%) patients reported a recent
mental disorder, such as depression, anxiety, or insomnia,
which could lead to PRL elevation and hypothalamic—pitui-
tary—ovarian (HPO) axis dysfunction [27]. Given excessive
immune or inflammatory responses and dysfunction of the
HPO axis can contribute to abnormal ovarian function, some
people speculated that female patients may have ovarian
damage under COVID-19 [27].

Anti-Miillerian hormone (AMH) is one of the most
accurate indicators for evaluating ovarian reserve and is
not affected by exogenous sex hormones and menstruation
[29, 30]. Most studies have demonstrated that SARS-CoV-2
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infection did not seem to alter the serum AMH [26, 31, 32].
On the contrary, Ding et al. reported that the serum AMH
concentrations of COVID-19 patients were considerably
lower than serum AMH concentrations of healthy women
[27]. Notably, this difference may be accounted for by the
comparison of different groups, the small number of sub-
jects, and the high incidence of severe COVID-19 disease in
their study population (17/78). Moreover, low serum AMH
concentrations were also linked to psychological stress and
severity of anxiety [33]. Therefore, it can be hypothesized
that SARS-CoV-2 infection may have little effect on ovarian
reserve, and more clinical evidence and laboratory data are
needed to support this suspicion.

The effects of SARS-CoV-2 on menstruation

The regular menstrual cycle ensures fertility and is an impor-
tant marker of reproductive health. In turn, the irregularities
in the menstrual cycle could pave the way for certain compli-
cations, such as low birth weight fetuses, preeclampsia, and
an increased risk of metabolic disturbances [34, 35]. There
have been many reports of menstrual disorders in women
infected with SARS-CoV-2, including worsening premen-
strual symptoms, prolonged menstrual cycle, and decreased
volume [26, 36]. ACE2 not only plays a role in the pathogen-
esis of COVID-19 but also as an important component of the
renin—angiotensin system. Angiotensin-2 (Ang II), the prod-
uct of cleavage of angiotensin-1 by angiotensin-converting
enzyme, acts as a vasoconstrictor and initiates menstrua-
tion through spiral artery vasoconstriction [37, 38]. Subse-
quently, it can be further cleaved by ACE2 to form peptide
angiotensin-(1-7), which counteracts the activity of Ang Il
and has a vasodilatory effect [39]. However, SARS-CoV-2
invasion and cellular internalization lead to the down-regula-
tion of membrane-bound ACE2 and increased serum ACE2,
resulting in angiotensin-(1-7) depletion and unopposed Ang
IT activity [40]. This may be one of the reasons why SARS-
CoV-2 infection leads to menstrual disorders. Moreover, as
mentioned earlier, SARS-CoV-2 infection might lead to hor-
monal abnormalities in some patients. Abnormal hormonal
patterns of FSH, LH, and estradiol can affect the length of
the menstrual cycle. Specifically, short cycle is associated
with earlier elevations in FSH and higher estradiol levels,
while longer cycle is associated with higher LH and lower
estradiol levels [41].

Compared with non-severe COVID-19 cases, patients
with more severe cases had higher levels of irregular peri-
ods, higher levels of amenorrhea, and higher levels of men-
strual pain [27, 42]. First, severely ill patients were more
likely to be obese, or have metabolic syndrome, both of
which are linked to menstrual irregularities [42, 43]. Second,
as an important treatment for patients with severe illness,

dexamethasone might also be a risk factor for menstrual
changes [44]. It may affect menstrual cycle patterns and
blood loss [45]. Likewise, some antipyretics and analgesics
used to treat symptoms of COVID-19, such as aspirin, par-
acetamol, and other non-steroidal anti-inflammatories, can
reduce menstrual blood loss through affecting prostaglandin
synthesis and endometrial prostaglandin levels [46]. Moreo-
ver, hospitalization may be a stressful event for COVID-19
patients and thus affect the menstrual cycle. Compared to
those with a moderate COVID-19 Perceived Stress Scale,
respondents with a high Perceived Stress Scale had a pro-
longation of menstruation [47].

Fortunately, 84% returned to a normal menstrual vol-
ume, and 99% of patients returned to normal cycle within
1-2 months after discharge in a study [26]. Likewise,
most respondents also returned to regular menstrual cycle
within 6 months of recovering from COVID-19 in another
study [48]. Thus, menstrual changes caused by COVID-19
were most likely transient and could recover within a short
period of time.

COVID-19 vaccination and female
reproductive health

Universal vaccination programs have been effective in man-
aging several infectious diseases, such as mumps, rubella,
polio, and measles [49, 50]. Thus, safe and effective vac-
cination remains one of the most important ways to fight
COVID-19. To date, the development of a vaccine against
COVID-19 has progressed globally. Multiple types of vac-
cines are being administered to recipients, including inacti-
vated, viral vector-based, mRNA, and protein subunit vac-
cines [51].

Compared to non-vaccinated controls, women who had
been vaccinated against COVID-19 did not exhibit differ-
ences in any of the surrogate parameters for ovarian follicle
quality [52]. Moreover, in in vitro fertilization treatment,
many parameters, such as the number of mature oocytes
retrieved, fertilization rate, and the ratio of top-quality
embryos per fertilized oocyte, also did not significantly dif-
fer between the pre- and post-mRNA SARS-CoV-2 vaccina-
tion groups [53]. However, vaccine hesitancy or refusal has
been exacerbated by recent reports that COVID-19 vaccina-
tion can cause menstrual abnormalities. A study from the
Middle East and North Africa region indicated that 66.3%
of women experienced menstrual abnormalities after vac-
cination, including but not limited to longer menstruation
duration and prolonged menstrual cycle [54]. In addition,
the incidence of irregular menstruation after the second dose
of COVID-19 vaccine appears to be slightly higher than the
first dose, suggesting a potential additive effect [55]. As far
as we known, vaccination triggers the necessary immune
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response. The immune activation may temporarily inter-
fere with the HPO axis [56]. In addition, cyclic breakdown
and restoration of the uterine endometrium are mediated
by immune cells residing in the endometrium [57]. Activa-
tion of these immune cells could be responsible for heavier,
irregular, and untimely bleeding [58]. Moreover, immune-
mediated vaccine-induced thrombocytopenia is another
plausible hypothesis for post-vaccination menstrual changes
[59]. As mentioned above, elevated levels of stress and anxi-
ety during the pandemic have also been linked to irregular
menstrual cycle.

In fact, other vaccines also have some side effects. For
example, Gong et al. have reported elevated FSH, irregular
menstruation, and premature menopause associated with
human papillomavirus vaccines [60]. Similarly, the symptom
was also reported after hepatitis B vaccination and typhoid
vaccination [61, 62]. Fortunately, menstrual irregularities
that occurred after the first and second doses of the COVID-
19 vaccine self-resolved in approximately half the cases
within 2 months without associated clinical consequences
[55]. Therefore, it can be assumed that menstrual changes
are not different from other short-term and reversible side
effects of vaccination.

Conclusion

Most studies have shown that SARS-CoV-2 did not infect the
female reproductive system. However, the existing literature
is divided on the presence of the virus in vaginal fluid. Some
female patients infected with SARS-CoV-2 showed abnor-
mal sex hormone concentrations, suggesting that ovarian
suppression may have occurred. Increase in sex hormones
may be a response to decrease inflammation associated with
cytokine storms. In addition, nervous system damage might
also be the cause of changes in sex hormone concentrations.
Fortunately, the ovarian reserve does not seem to be affected
by SARS-CoV-2 infection. Abnormal changes in menstrua-
tion can also be observed in some women with COVID-19,
including worsening premenstrual symptoms, prolonged
menstrual cycle, and decreased menstrual volume. First,
this may be due to the down-regulation of ACE2 expression
caused by the virus infection. Second, it appears to be caused
by abnormal hormone levels. Moreover, medications and
stress were also considered factors. Thankfully, most men-
strual changes can be recovered in a short period of time.
COVID-19 vaccination remains an effective approach
against SARS-CoV-2. Previous studies have demonstrated
that vaccination has no effect on ovarian follicle and in vitro
fertilization treatment. However, several recent reports of
menstrual abnormalities caused by vaccinations have raised
concerns about vaccinations. In fact, this is no different from
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the short-term and reversible side effects of other vaccina-
tion. Moreover, most symptoms disappear within 2 months.
Therefore, we still recommend COVID-19 vaccination for
women of reproductive age.
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