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Abstract

Coronavirus disease 2019 (COVID-19) is a multi-system disease that has led to a pandemic with unprecedented ramifications. The pandemic
has challenged scientists for the past 2 years and brought back previously abandoned research topics. COVID-19 infection causes a myriad of
symptoms ranging from mild flu-like symptoms to severe illness requiring hospitalization. Case reports showed multiple systemic effects of
COVID-19 infection, including acute respiratory distress syndrome, fibrosis, colitis, thyroiditis, demyelinating syndromes, and mania, indicating
that COVID-19 can affect most human body systems. Unsurprisingly, a major concern for women all over the globe is whether a COVID-19
infection has any long-term effects on their menstrual cycle, fertility, or pregnancy. Published data have suggested an effect on the reproductive
health, and we hypothesize that the reported reproductive adverse effects are due to the robust immune reaction against COVID-19 and the
associated cytokine storm. While the COVID-19 receptor (angiotensin converting enzyme, ACE2) is expressed in the ovaries, uterus, vagina, and
placenta, we hypothesize that it plays a less important role in the adverse effects on the reproductive system. Cytokines and glucocorticoids act
on the hypothalamo–pituitary gonadal axis, arachidonic acid pathways, and the uterus, which leads to menstrual disturbances and pregnancy-
related adverse events such as preterm labor and miscarriages. This hypothesis is further supported by the apparent lack of long-term effects
on the reproductive health in females, indicating that when the cytokine storm and its effects are dampened, the reproductive health of women
is no longer affected.

Summary Sentence
COVID-19 affects the female reproductive system.
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Introduction

According to the World Health Organization, around 418
million cases of COVID-19 infection have been reported
with more than 5 million deaths as of February 2022. The
most common symptoms of COVID-19 were a flu-like illness
including fever, chills, cough, shortness of breath, fatigue,
headache, loss of smell, nausea, and diarrhea [1]. However,
several case reports have been published on multiple systemic
effects of COVID-19, indicating that COVID-19 can affect
many systems and organs in the human body [1]. The rapid
spread of the COVID-19 infection raised several questions
about the effect of the viral infection on women’s reproductive
health with particular concern on its effect on fertility and
pregnancy.

There was anecdotal evidence of women reporting
menstrual cycle irregularity after their COVID-19 infection.
Unfortunately, menstruation is an understudied research
topic, and there is a gap in published research about
menstrual changes after COVID-19 infection [1]. Recent
articles highlighted this effect with a recent study showing
that 16% of women reported menstrual disturbances after
their infection [2]. Another emerging burden that was studied
is the increased pregnancy adverse events associated with
COVID-19 infection [3]. A recent meta-analysis concluded

that COVID-19 infection was associated with preterm birth,
stillbirth, and lower birth weight [3].

Sex differences in disease prevalence, pathogenesis, and
modulation have been frequently reported [4], and the fluc-
tuation of hormones throughout the menstrual cycle and
pregnancy are potential reasons for the sex differences. This
has been studied in chronic autoimmune diseases that are
more common in women such as rheumatoid arthritis and
systemic lupus erythematosus. Moreover, sex differences were
noted in immune response to multiple respiratory viruses.
For example females of reproductive age mount a greater
cytokine storm after influenza infection, and thus take longer
to recover from the infection [5]. These fluctuations might
also have implications on progression of acute diseases such as
COVID-19 infection. While the effect of female sex hormones
on the immune system are fairly understood, the reciprocal
relationship is less understood.

In this review paper, we will analyze the relationship
between the female reproductive system and the immune
system, focusing on the effects of acute immune responses
associated with COVID-19 infection on the reproductive
system. We will build on the current evidence on this
relationship to extrapolate from the possible mechanisms
by which COVID-19 infection impacts the menstrual cycle,
pregnancy, and fertility in COVID-19 infected female patients.

https://doi.org/10.1093/biolre/ioac187
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Search methods

A comprehensive search of PubMed up to May 2022 was
conducted to identify peer-reviewed literature. We used the
following keywords: COVID-19, reproductive health, preg-
nancy, pregnant, menstrual cycle, menstrual disturbances, fer-
tility, COVID-19 vaccine, immune, immune reaction, and
immunity. We only included articles in the English language.
This review included 83 selected studies, conducted in both
humans and animals.

The immune response against COVID-19 infection

COVID-19 is a single-stranded positive sense RNA virus that
first infects the pulmonary epithelial cells by the binding
of its viral S glycoprotein to its receptor, the angiotensin
converting enzyme (ACE2), on these cells [6]. The pulmonary
epithelial cells are the first cell type to initiate the innate
immune response against COVID-19 by secreting interleukin
8 (IL-8) and attracting neutrophils [6–8]. The immune cells
(neutrophils and macrophages) activate several pathways to
initiate the immune response, one of which is the Janus
kinase-signal transducer and activator of transcription path-
way (JAK–STAT). In COVID-19 infection, JAK–STAT path-
way induces the transcription of nuclear factor kappa B (NF-
κB), among other factors which enhance the production of
proinflammatory cytokines, including interleukins (IL-1, IL-
6), monocyte chemo-attractant protein-1 (MCP-1), tumor
necrosis factor (TNF)-α, macrophage inflammatory protein
(MIP)-1A, and type 1 interferon (IFN) [9]. Recent studies have
shown that increased disease severity has been associated with
greater cytokine storm with increased levels of IL-1 and IL-6
and decreased levels of type 1 IFN [6, 10].

Like other viral infections and stressful situations to the
body, the hypothalamic–pituitary–adrenal (HPA) axis is
the first neuroendocrine axis to be affected [11]. Although
hypothalamic corticotropin-releasing hormone (CRH) is con-
sidered a primary mechanism by which cytokines stimulate
glucocorticoid release, cytokines have a direct action at the
level of the pituitary and adrenal glands as well [11]. These
cytokines are also produced in the brain, anterior pituitary
gland, and the adrenals [11]. IL-1, IL-6, and TNF-α are lipid
soluble; they can cross the blood-brain barrier and induce
the production of the CRH from the hypothalamus [11].
Moreover, they influence the release of arginine vasopressin
which is a peptide that acts synergistically with CRH to
increase the production of adrenocorticotropic hormone
(ACTH) from the anterior pituitary gland, thus leading
to increased glucocorticoid production [11]. While these
cytokines exert their effects on the HPA axis mainly through
the hypothalamus, they can directly enhance the activity
of the anterior pituitary gland and the adrenals [11]. In
some in vitro studies, IL-1 has been shown to induce
proopiomelanocortin transcription and directly stimulate
ACTH release from the pituitary gland. Also, IL-1 has been
shown to directly act on adrenal cortex (zona glomerulosa)
and medulla to release glucocorticoids [11]. The net effect of
these cytokines on the HPA axis is the increased production
of glucocorticoids as a feedback mechanism to reduce the
cytokine storm. In many cases, the overwhelming cytokine
storm and the debilitating state of inflammation are the
direct cause of death in COVID-19 patients rather than the
virus itself [12]. So, increased glucocorticoid production is
a protective mechanism produced by the host to decrease

morbidity and mortality. However, it is at the price of the
glucocorticoid systemic symptoms, including their effect on
the reproductive system. Glucocorticoids are known to have
systemic symptoms that are very well known from studies of
Cushing syndrome and adrenal hyperplasia and adenomas,
which are known to affect the reproductive system [13] such
as causing anovulatory infertility.

Interplay between the menstrual cycle and the
immune system
Effect of estrogen and progesterone on immune cells

The hormonal fluctuation of estrogen and progesterone dur-
ing the menstrual cycle affects the immune system in multiple
ways. This has been observed in studies of autoimmune
disease progression throughout the reproductive milestones
of women and throughout the menstrual cycle itself [4].
While progesterone receptors are mainly found on CD4+
lymphocytes, natural killer (NK) cells, dendritic cells, and
macrophages; estrogen receptors (ERs) are found on essen-
tially all immune cells [4, 14]. The type of ERs present on
the different immune cells influences the effect of estrogen on
these cells [14].

The menstrual cycle is divided into four phases: the
menstrual phase, follicular phase, ovulation phase, and luteal
phases. The follicular phase has an estrogen dominance which
induces the proliferation of the endometrium after menstrual
shedding and the expression of progesterone receptors [15].
The luteal phase occurs after ovulation and has high estrogen
and progesterone levels which induces the decidualization
of the endometrium in preparation for pregnancy [15].
Generally, progesterone has anti-inflammatory effects, while
estrogen has bipotential effects [14]. At relatively low concen-
trations (i.e., follicular phase), estrogen has pro-inflammatory
effects, such as increasing neutrophil count, enhancing
production of pro-inflammatory cytokines, increasing the
expression of pattern recognition receptors, and increasing
the somatic hypermutation and class switch recombination
in B-cells [14]. At higher concentrations (i.e., luteal phase or
pregnancy), estrogen has anti-inflammatory effects including
downregulation of proinflammatory cytokines and expansion
of T regulatory (Treg) cell population [14]. On the other hand,
progesterone decreases proinflammatory cytokine production
and suppresses T helper1 (Th1) response [14]. Moreover, high
levels of estrogen and progesterone are known to induce T
helper 2 (Th2) response [4]. Th1 cells are a lineage of CD4+
effector T cell that stimulates cell-mediated immune responses
and is necessary for host defense against viral infections [16].
Th1 cells secrete important cytokines such IFN- γ , IL-2, IL-
10, and TNF-α [16]. Thus, the menstrual and early follicular
phases are characterized by a Th1-predominant cellular and
cytokine milieu and the late follicular and mid to late luteal
phase by a Th2 milieu [4].

Estrogen receptors specifically disrupt NF-κB transacti-
vation, thus inhibiting IL-6 expression, one of the most
important cytokines in the COVID-19 related cytokine storm
[17]. So, estrogen may be a protective factor against multiple
infections, including COVID-19, and this explains the more
robust immune response against COVID-19 in females and
the increased rate of mortality from COVID-19 in men [18].
Moreover, premenopausal women were reported to have
milder COVID-19 symptoms and less complications than
their male cohorts and post-menopausal women, which is
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mainly due to the sex hormones estrogen and anti-Mullerian
hormone (AMH) [19]. There is no correlation between the
AMH levels and COVID-19 infection severity; however, there
is a negative correlation between the estrogen levels and the
inflammatory cytokines levels of IL-6, IL-8, IL-2R, and TNF-
α in the luteal phase and C3 in the follicular phase [19].
This might be a protective mechanism in females against the
cytokine storm and the complications of COVID-19 infection
that leads to acute respiratory distress syndrome [19].

Local role of immune cells in the endometrium

The menstrual cycle is an inflammatory process [20]. Immune
cells are present in the endometrium, and their concentra-
tions change across the menstrual cycle [21]. It is unclear
yet whether endometrial leukocytes migrate from peripheral
blood or if they proliferate locally, and it is probable that
both processes occur [22]. A highly active cytokine network is
present in the endometrium, and it can be involved in recruit-
ing and/or activating leukocyte subtypes in the endometrium
[23]. There is also evidence of local upregulation of IL8
and macrophage-derived chemokine in blood vessels prior
to menstruation suggesting that these cytokines can trigger
neutrophils influx to the endometrium [23]. For instance,
while the total number of cells increase in the proliferative
phase, the percentage of leukocyte increases significantly in
the secretory phase of the menstrual cycle [21].

Endometrial leukocytes are mainly NK cells, neutrophils,
and macrophages that are thought to protect from microbial
invasion in states of epithelial barrier disruption (secretory
phase) [21]. B-lymphocytes increase significantly in this phase
indicating that the endometrium exhibits innate and adap-
tive immunological activation [21]. On the other hand, T-
lymphocytes activity decreases in the secretory phase, and
increases (specifically CD8+) in the early to mid-proliferative
phase, and this is regulated by progesterone levels [21]. CD8+
activation is important in the early proliferative phase for
clearance of residual endometrial debris after menstruation
[21]. Moreover, endometrial NK cells are the most abundant
immune cells in the endometrium throughout the menstrual
cycle and their concentration increases significantly in the
secretory phase [21].

Given the above, endometrial immune cells dysregulation
may lead to abnormal uterine bleeding [20]. For example,
a recent study has found that heavy menstrual bleeding is
associated with increased uterine NK cells in the proliferative
and early secretory phase and decreased uterine NK cells in
the mid secretory phase when compared to the control group
[20]. This suggests that endometrial leukocytes may impact
the endometrial vascular development, hence causing abnor-
mal uterine bleeding [20]. So far, ovarian hormone recep-
tors have not been identified on the endometrial leukocytes;
however, steroid hormones appear to have indirect impact on
the endometrial immune cells that need further research in
the future [22, 24]. Thus, we hypothesize that the immune
response-mediated change in cytokines and leukocytes milieu
in the endometrium and can explain the heavy menstrual
cycles after COVID-19 infection.

COVID-19 infection and the menstrual cycle
Menstrual disturbances

The current evidence on the effect of COVID-19 infection on
menstrual cycle is scarce. A recent study showed that out of
177 COVID-19 positive patients (with complete menstrual

history records), 132 (75%) had no change in the menstrual
volume, while 20% had a significant decrease in menstrual
volume and only 9% had an increase in the menstrual vol-
ume [25]. There was no significant difference between the
mildly ill patients and severely ill patients when it came to
menstrual volume; however, patients who were severely ill had
longer menstrual cycles [25]. These clinical findings were not
backed up by hormonal changes [25]. Another study showed
that 16% of women reported menstrual disturbances after
COVID-19 infection [2]. Multiple studies have shown that
there is no significant difference in the average of sex hor-
mones (including follicle stimulating hormone (FSH), luteiniz-
ing hormone (LH), estradiol, progesterone, testosterone and
AMH), between COVID-19 patients and control patients,
or between mild and severe patients, or even between the
patients with menstrual changes and those with no menstrual
changes [19, 25]. This indicates that the menstrual changes
due to COVID-19 infection are thought to be transient and
with no reported long-term consequences. Immune response
mediated stress may be the main cause behind these temporary
changes in the menstrual cycle. This is possible due to the
interaction between the HPA and the hypothalamo-pituitary
gonadal (HPG) axis.

The interaction between the HPA and HPG axes affecting

the menstrual cycle

We hypothesize that the interaction between the HPA axis and
the HPG axis can be behind the COVID-19 infection and the
menstrual cycle irregularities. Stress has an inhibitory effect
on reproduction, and these inhibitory effects are likely the
result of disruption of gonadotropin secretion after changes
in gonadotropin-releasing hormone (GnRH) output.

Glucocorticoids, the end-organ product of HPA axis
activation, typically suppress gonadotropin secretion [26],
but outcomes are variable, depending on multiple factors.
Glucocorticoid-induced inhibition of the HPG axis is
modulated by the effects of the ovarian hormones, estrogen
and progesterone [26]. In ovariectomized female rats with
low physiological estradiol replacement, both acute and
chronic treatment with corticosteroids fail to alter LH
pulse frequency or amplitude [25–27], whereas chronic
corticosteroid treatment suppressed LH pulse frequency in
ovariectomized mice with estrogen supplements suggesting
that ovarian hormones influence the action of corticosteroids
on the HPA axis [26].

Female hormones also influence the secretion of cortisol
under physiological conditions. A recent meta-analysis eval-
uated the peripheral cortisol levels in normal menstruating
women; analysis from 35 studies showed that women dur-
ing the follicular phase have higher cortisol levels than in
the luteal phase [28]. Allopregnanolone, which is a proges-
terone derivative, is a potent allosteric positive modulator
of the actions of the inhibitory neurotransmitter GABA at
the GABAA receptor. The exacerbated action of GABA at
GABAA receptor leads to inhibition of the paraventricular
nucleus (PVN) and in return an attenuated HPA axis [28].
On the other hand, estrogen binds to either estrogen recep-
tor beta (ER-β) or estrogen receptor alpha (ER-α), each of
which relay a different function [28]. Binding of estrogen
to ER-β in the para-ventricular nucleus leads to decreased
cortisol levels, while binding of estrogen to ER-α indirectly
activates the PVN, and binding of estrogen to the ER-α recep-
tors in peri-PVN region can impair glucocorticoid-mediated
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negative feedback regulation of the HPA axis, resulting in
increased cortisol synthesis [28]. Hence, higher cortisol levels
are recorded in the follicular phase than in the luteal phase.
In the luteal phase, depending on the extent of ER-β or ER-α
expression and activation in or near the PVN, estradiol can
either decrease or increase circulating cortisol levels [28].

The extent to which glucocorticoids will influence the
menstrual cycle will depend on the timing of the COVID-19
infection during the menstrual cycle. Given our understanding
of the effect of estrogen of glucocorticoids, it can be hypoth-
esized that those who are infected in the follicular phase are
more likely to potentiate the glucocorticoids effects and lead
to more suppression of the GnRH and of the HPG axis. This,
however, needs further studies that keep record of the patient
menstrual changes in accordance with the timing of infection
in the menstrual cycle.

In addition to suppressing the release of GnRH, glucocor-
ticoids suppress the response to GnRH at the pituitary level
[26]. In ovariectomized ewes, GnRH pulse amplitude and
frequency were not suppressed, most probably due to the
lack of estrogen modulation, but LH pulse amplitude was
suppressed indicating that corticosteroids also act at lower
levels, and not just at the hypothalamus level [26, 29].

Intermediates in the HPA axis are also involved in the
suppression of HPG axis in conditions of acute stress like
COVID-19 infection. Chemically stimulating CRH neurons
in the PVN resulted in suppression of LH pulse frequency in
ovariectomized mice [30]. The effects of this chemical stim-
ulation are not only due to glucocorticoid synthesis because
intravenous injection of CRH in adrenalectomized monkeys,
which are unable to produce adrenal glucocorticoids, was
still able to inhibit LH pulse frequency and amplitude. [31].
This indicates that CRH itself can act on the reproductive
system independent of glucocorticoids. CRH acts centrally
to modulate the pituitary function. Treatment with nonspe-
cific CRHR antagonists prevents suppression of LH pulse
frequency caused by interleukin-1α (IL-1α) in ovariectomized
monkeys [32], confirming that CRH directly affects LH levels
and that the activation of CHRH2 or CHRH1 can alter
secretion of LH independent of the HPA axis [26].

We hypothesize that COVID-19 infection generates a
cytokine storm that up alters the HPA axis on every level,
increasing CRH, ACTH, and glucocorticoids. CRH and
glucocorticoids are especially involved in suppressing the
HPG axis at different levels, leading to overall a decrease in
the LH pulse amplitude or frequency, resulting in anovulatory
cycles and menstrual disturbances. These effects are suspected
to subside when the cytokine storm resolves and when the
intermediates and final product of HPA axis (glucocorticoids),
go back to physiological concentrations (Figure 1). Heavy
menstrual bleeding post COVID-19 infection could also be
explained by the cytokine storm altering the leukocyte milieu
of the endometrium.

COVID-19 vaccine and the menstrual cycle

Although a major concern for women on reproductive age,
very few studies have since assessed the relationship between
COVID-19 vaccination and menstrual disturbances. Cur-
rently, the menstrual disturbances associated with COVID-
19 vaccination appear to be temporary and resolve within
two cycles [33, 34]. Among the most reported menstrual
disturbances are heavier bleeding, prolonged bleeding, and/or
shorter inter-menstrual intervals [35]. A Norwegian study

collected information from 5688 women aged between 18
and 30 years using a mobile phone application found a
significant increase in menstrual disturbances after COVID-
19 vaccination [35]. The prevalence of heavy menstrual
bleeding almost doubled after COVID-19 vaccination when
compared to pre-vaccination rates. The prevalence of
menstrual disturbances increased from 7.6% to 13.6% after
the first dose and from 8.2% to 15.3% after the second
COVID-19 vaccine dose [35]. Similarly, another US-based
study included 3959 women between the age of 18 and 45
years and assessed the prevalence of menstrual disturbances
using Natural Cycles mobile application [34]. In this study,
vaccination increased the length of the menstrual cycle
by 0.64 and 0.79 days after the first and second doses,
respectively [34]. Interestingly, more substantial changes were
observed in those who received two COVID-19 vaccine doses
within the same menstrual cycle, with 2 days increase in
the menstrual cycle length [34]. Women who experienced
menstrual disturbances after the first dose were at higher
risk of developing more severe symptoms after the second
dose. However, the prevalence of menstrual disturbances
after the second dose in those who did not experience any
after the first dose was almost equal to before vaccination
[35]. The above findings, especially the transience of the
symptoms and the more robust symptoms when both doses
are administered close in time, support our theory that the
menstrual changes may be due to the immunologic reaction
and transient cytokine storm against COVID-19, and will
resolve after the cytokine storm and its effect on the HPG
axis subsides. More prospective studies are needed to assess
the link between COVID-19 vaccine on menstrual health
and to confirm the effect of two vaccinations within one
menstrual cycle, which can potentially change the timing of
vaccination for women of reproductive age. Moreover, more
studies are needed to compare the effects of the different
types of COVID-19 vaccines on the menstrual cycle. Four
types of COVID-19 vaccines are available until now: the
messenger RNA (m-RNA) vaccines (e.g., Pfizer-BioNTech and
Moderna), the vector vaccines (Janssen/Johnson & Johnson
and AstraZeneca), the protein subunit vaccine (Novavax), and
the inactivated virus vaccine (e.g., Sinovac) [36]. Due to the
few studies available in the literature that assesses the effect
of the COVID-19 vaccine on the menstrual cycle, not enough
data are available to compare the different types of vaccines.
However, menstrual disturbances were observed in all vaccine
types, and increased women’s age, smoking, second vaccine
dose, and history of pregnancy were predictors of menstrual
disturbances after COVID-19 vaccination [37].

COVID-19 and the placenta

The effect of COVID-19 infection on the placenta is still not
well understood. For COVID-19 to infect and replicate in
target cells, the spike protein should be able to bind to its ACE-
2 receptor on the cell surface. S protein is then primed by cellu-
lar transmembrane serine protease 2 (TMPRSS2) that allows
the fusion of the virus with host cellular membranes [38].
The co-expression of ACE-2 and TMPRSS2 in a cell makes
it more susceptible to COVID-19 infection. It was shown
that developing embryos co-express ACE-2 and TMPRSS2
due to co-localization of these two genes, which suggests the
possibility of fetal infection by COVID-19 [38]. On the other
hand, it has been found that both placental cytotrophoblasts
and syncytiotrophoblasts express ACE-2 starting 7 weeks of
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Figure 1. The effect of the cytokine storm on the menstrual cycle. The increased levels of cytokines, specifically cytokine IL-1, act at different levels of
the HPA axis activating the hypothalamus, pituitary gland, and adrenal gland to increase the production of glucocorticoids. Glucocorticoids, modulated by
progesterone and estrogen, inhibit the secretion of GnRH by the hypothalamus altering secretion of LH by the pituitary gland, thus delaying or inhibiting
ovulation.

gestation [39], but only few cells in the placenta co-express
ACE-2 and TMPRSS2, suggesting that COVID-19 infection of
the placenta is low or that the virus uses other host proteins
to infect placental cells [40].

Multiple studies on placentas derived from pregnant
women who were infected with COVID-19 failed to detect
COVID-19 infection in the placenta most of the time [41, 42].
This nonappearance of placental infection can be explained
by the lack of the co-expression of all the factors needed
for proper infection and replication. Given the above,
the general understanding leans toward a scarce chance
of COVID-19 infecting the placenta, thus decreasing the
probability of vertical transmission as well. Theoretically,
vertical transmission can still occur. The cytokine storm in
COVID-19 infection might alter the maternal–fetal interface
and make it more permeable to pathogens, which leads to
fetal COVID-19 infection [43]. A recent systemic review of
the available literature found that vertical transmission of
COVID-19 is possible, but it is a rare incidence [44]. While
1.8% of the fetuses born to COVID-19 positive mothers
tested positive for COVID-19 infection, less than 0.001%
had confirmed maternal–fetal transmission of COVID-19
infection when combining data on the timing of exposure
to COVID-19 [44]. The decidua plays an important role in
protecting the fetus against viral infections, and increased
levels of NK cells and macrophages were detected in the
decidua of COVID-19 positive pregnant mothers, suggesting
that the decidual immune reaction may be protect against
the maternal-fetal transmission of COVID-19 [45]. Another
possible protective mechanism against COVID-19 infection of
the placenta is the expression of IFN-induced transmembrane
(IFITM) antiviral transcripts. IFITM are proteins that are
expressed in epithelial cells including placental cells and that
are known to restrict the replication of many viruses including
influenza, SARS-CoV-1, flavivirus, and many other enveloped
viruses [46]. IFITM3 was recently found to inhibit the
replication of COVID-19 as well [46]. IFITM3 can also inhibit
the membrane fusion of enveloped viruses, which is a unique

feature that is not observed in other IFN-inducible proteins,
but IFITM activity may be attenuated by the expression of
TMPRSS2 [46]. Interestingly, the levels of TMPRSS were
not significantly elevated in patients with severe COVID-
19 infection when compared to mild/moderate COVID-19
infection [46]. However, the placental expression of IFITM1
and IFITM3 were found to be higher in placental cells of
patients with severe COVID-19 infection indicating that these
proteins may play a role in protecting the placenta from
COVID-19 infection in severe COVID-19 infection [46].

On the other hand, ex vivo studies of the placenta recently
showed that COVID-19 can infect and propagate in the
human placental cells [47]. Infecting precision–cut slices of
placenta with COVID-19 leads to an increase of viral release
from these cells indicating the ability of COVID-19 to propa-
gate and replicate in the placenta with possible propagation to
surrounding tissues [47]. Nevertheless, nonspecific placental
histopathological changes have been detected in pregnant
patients with COVID-19 infection. These changes might be
explained by the cytokine storm in adult patients infected with
COVID-19 infection or by placental ischemia that results from
maternal hypoxia [48]. Acute chorioamnionitis was relatively
common and detected in 26% of the placentas of COVID-
19 patients [48]. Moreover, chronic histiocytic intervillositis
and massive fibrin deposition detection rates were comparable
to non-COVID-19 placentas indicating that these are not
specific findings to COVID-19 infection [48]. The most likely
mechanism is that the disease severity in COVID-19 patients
(thus the hypoxia and extent of the cytokine storm) is asso-
ciated with the ischemic placental pathologies and placental
insufficiency [49]. Given all the above, a recent article was
published with a standardized definition and classification
of placental infection by COVID-19 to make it easier to
compare results across studies and resolve the controversy
around placental infection by COVID-19 [50]. According to
their recommendations, placental infection can be reported
as either definite (documentation and localization), probable
(documentation of viral proteins or RNA without evidence of



6 COVID-19 affects the female reproductive system, 2022

Figure 2. The inflammatory states in normal pregnancy. For the embryo to implant, a pro-inflammatory milieu is achieved by increased expression of
inflammatory cytokines. After that, decidualization takes place, and decidual stromal cells inhibit multiple proinflammatory cytokines including CXCL9
and CXCL10, which usually recruit cytotoxic T-cells and protect against the semi-allogenic fetus. By the end of pregnancy, cytokines expression increases
again to stimulate uterine activation proteins including prostaglandin receptors, oxytocin and its receptor, connexin43, and iNOS (not shown in the
diagram).

replication), possible (detection of viral particles), unlikely (no
detection), and not tested [50].

COVID-19 and pregnancy outcomes

While ACE2 is expressed in the uterus, the accumulating
evidence suggests that the COVID-19 virus does not cross
the placenta, and it is not vertically transmitted [51]. Nev-
ertheless, COVID-19 infections have been associated with
multiple pregnancy adverse outcomes [51]. A recent meta-
analysis concluded that COVID-19 infection was associated
with preterm birth, stillbirth, and lower birth weight but not
with increased cesarean delivery [3]. Another meta-analysis
found that COVID-19 infection in pregnancy has been associ-
ated with increased risk of preterm delivery, post-partum hem-
orrhage, and low birth weight [52]. In this paper, COVID-19
infection was also associated with increased risk of cesarean
sections. Many of these adverse events can be explained by the
increased inflammatory state during COVID-19 infections.

Inflammation and pregnancy

The inflammatory state alternates throughout pregnancy
to serve both the mother and the fetus [53] (Figure 2).
Embryo implantation elicits an inflammatory reaction in
the endometrium, where upregulation of multiple cytokines
including IL-1, IL-6, IL-8, and TNF-αis evident [53].
The implantation process in pregnancy requires a strong
inflammatory response. The blastocyst implants by breaking
through the endometrial lining. Implantation is followed
by invading of the endometrial tissue to pave the way for
the trophoblast to replace the endometrium. This allows
the establishment of the placental–fetal blood supply [53].
All these stages lead to an active inflammatory stage to
repair the uterine epithelium and to remove any cellular
debris [53]. However, postimplantation, decidual stromal
cells dampen the immune response in the endometrium
for the pregnancy to proceed [54]. For example, decidual
stromal cells silence cytokines like CXCL9 and CXCL10,
which are responsible for recruiting cytotoxic T cells [54].
The dampened immune reaction is an important step for the
maintenance of pregnancy because the semi-allogenic fetus
needs to be tolerated by the mother [55].

One mechanism in which trophoblasts evade recognition
by the maternal immune system is the downregulation of the
polymorphic HLA-A, HLA- B, and HLA class II molecules
on their cell surface [55]. However, extravillous trophoblasts
express HLA-C, HLA-E, and HLA-G molecules. Of these
molecules, only HLA-C is polymorphic and is thus the pri-
mary candidate to attract an antigen-specific response by
CD8+ T cells [56]. This can elicit an Major histocompati-
bility complex/human leucocyte antigen-C specific response
that is controlled by the induction CD4+ CD25+ T-regs
[56]. The expansion of T-reg cells during pregnancy is an
important protective mechanism to prevent a detrimental
immune reaction against the fetus [55]. Injecting abortion
prone mice with CD25+ T-regs from wild-type pregnant mice
led to a significantly increased litter size [57]. Alternatively,
depleting CD25+ T-regs during the implantation period of
mice caused high fetal resorption [58]. Moreover, a recent
systematic review of 17 studies on human pregnancy showed
that the number and functionality of T-regs are diminished in
women experiencing recurrent pregnancy loss [59]. Similarly,
there is decreased T-reg numbers in both the periphery and the
decidua and impairment in the signaling of peripheral blood
T-regs in women with pre-eclampsia, a serious pregnancy
complication [55].

Toward the end of the pregnancy, a proinflammatory state
develops again. One of the most important mediators of
parturition is prostaglandins (PGs) [60]. Prostaglandins are
formed when arachidonic acid is released from the plasma
membrane by phospholipases and metabolized by the actions
of prostaglandin H synthase (PGHS) [60]. Two isoforms of
the PGHS enzyme exist: PGHS-1 that is expressed in many
tissues and is responsible for constitutive PG production
and PGHS-2 that is an inducible form of the enzyme. The
increase in PG production prior to parturition is largely
due to increased PGHS-2 [61]. Several cytokines, includ-
ing IL-1 beta and TNF-α, regulate and stimulate PGHS-
2 expression and prostaglandin synthesis [62, 63]. PGHS-
2 is one of the many other proteins that are called uterine
activation proteins (UAPs), which mediate parturition. Proin-
flammatory cytokines also stimulate prostaglandin receptor
expression, along with other UAPs such as oxytocin and
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Figure 3. Comparison between normal proinflammatory state in normal pregnancy in healthy female patients and exaggerated inflammatory state in
COVID-19 infected patients.

its receptor (OT/OTR), connexin-43 (CX43), inducible nitric
oxide synthase (iNOS), and prostaglandin receptor (PTGFR)
[61, 64].

Preterm delivery in COVID-19

Preterm delivery has been documented as one of the adverse
events of pregnancy in COVID-19 infected pregnant patients
[3], and 83% of preterm deliveries were medically indicated
for conditions such as preeclampsia, HELLP syndrome, or
eclampsia [65]. However, even in the absence of any med-
ical complications, the gestational age was reported to be
0.6 weeks shorter at time of delivery in all women with a
COVID-19 diagnosis and 0.8 weeks shorter in symptomatic
women with a COVID-19 diagnosis than in women without a
COVID-19 diagnosis [65]. As explained above, the pregnancy
is highly regulated by alternating pro-inflammatory and anti-
inflammatory states. The cytokine storm in COVID-19 infec-
tions can create a pro-inflammatory state with increased
corticosteroids production, which may have a role in labor
initiation. In humans, glucocorticoids induce expression of
aromatase and CRH in the placenta and induce expression
of prostaglandin synthetic enzymes but downregulate expres-
sion of 15-hydroxyprostaglandin dehydrogenase (PGDH), an
enzyme that is involved in the catabolism of PGs. All of
which drives the pro-parturition processes [66] (Figure 3).
This pathway has not been studied in viral infections, but we
hypothesize that it can possibly be involved in preterm labor
in those infected with COVID-19, but more research needs to
be done to elucidate this hypothesis.

Miscarriage

According to the American College of Obstetrics and Gyne-
cology (ACOG), miscarriage is the unintentional pregnancy
loss before 22 weeks. The overall miscarriage rate before
20 weeks gestation ranges from 10% to 26% [67]. In a
recent meta-analysis, the pooled proportion of miscarriage
in pregnant women with COVID-19 was 15.3% and 23.1%
using fixed and random effects models, respectively [67].

Thus, the miscarriage rate of COVID-19 cases seems to be in
the range of the normal pregnant population. However, more
research needs to be done on larger samples that are more
homogeneous. Miscarriage and pregnancy loss in COVID-19
infection can be due to systemic inflammation that interfere
with trophoblast invasion [67]. Moreover, the cytokine storm
(IL-6, IL-8, TNF-α) would result in an unbalanced Th1/Th2
response and can induce a hypercoagulable state that is detri-
mental to fetal development [67–69]. Another mechanism for
miscarriage is the increased Th17/Treg ratio [69–71]. Treg and
Th17 cells are part of the complex machinery that constitutes
the immune system. The differentiation of Th17 and Treg
cells from naïve CD4+ T cells is mediated by TGF-β [70].
However, in the presence of IL-6 or IL-21 (together with
TGF-β), naïve CD4+ T cells differentiate into Th17 cells
[72]. During healthy pregnancy, the Treg/Th17 ratio shifts in
favor of Treg cells [70]. Severe COVID-19 infection might
shift the Treg/Th17 ration towards increase in the Th17
cells, which result in uncontrolled systemic inflammation that
might contribute to pregnancy outcomes such as pregnancy
loss [71] (Figure 4).

COVID-19 vaccine and pregnancy outcomes

Given the adverse events associated with COVID-19 infection,
the center of disease control (CDC) and the ACOG strongly
recommend that pregnant and lactating women be vaccinated
against COVID-19. Recent papers have shown that COVID-
19 vaccine is effective and safe in pregnancy [73–75] and that
pregnant vaccinated women are 50% less likely to be infected
with COVID-19 and 50% less likely to be hospitalized due to
COVID-19 infection [75]. Moreover, multiple registry studies,
cohort studies, and case control studies have shown that
COVID-19 vaccination was not associated with increased risk
of miscarriage, preterm labor, hypertensive disease of preg-
nancy, small gestational age, stillbirth, or cesarean delivery
[74, 76]. Systematic reviews of available studies confirm the
above findings, and show a 15% decrease in the odds of
stillbirth in the vaccinated group [73]. However, COVID-19
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Figure 4. The consequences of the shift in Treg/Th17 ratio on pregnancy.
The cytokine storm in COVID-19 infections can shift the Th17/Treg ratio
towards increased levels of Th17 which may result in a miscarriage.

vaccine may be associated with nonserious obstetrics symp-
toms like uterine tension, uterine pain, and uterine contraction
[77]. Importantly, COVID-19 vaccine was not associated with
neonatal adverse events, including low Appearance, Pulse,
Grimace, Activity and Respiration (APGAR) scores, severe
academia, respiratory distress in the newborn, meconium aspi-
ration, and the need for mechanical ventilation or neonatal
intensive care unit (NICU) hospitalization [75].

COVID-19 and fertility

When discussing fertility and COVID-19, both male and
female factors should be considered. In females, the immune
response against COVID-19 infection appears to have no
effects on fertility of infected patients [25]. Indicators of
fertility like serum levels of FSH, AMH, and antral follicular
count are very similar when comparing healthy childbear-
ing aged women with their COVID-19 infected cohort [78].
Moreover, ovarian reserve was unaltered after mild COVID-
19 infection [79]. On the other hand, COVID-19 infection
seems to affect the male reproductive system. Multiple cases of
orchitis were documented during acute COVID-19 infection
at a rate of 22% [80]. A recent study also showed that male
partner infection with COVID-19 is associated with decreased
fecundability if the infection is within 60 days, indicating
that COVID-19 infection can be associated with short term,
but not long term, reduction of fertility in men [81]. ACE-
2 is mainly expressed in the Sertoli and Leydig cells, and
TMPSS is mainly expressed in spermatogonia, so despite the
lack of co-expression of ACE-2 and TMPSS in the testicles,
infection of testicles is possible, suggesting that there may
be another mechanism of entry [80]. Moreover, endothelial
dysfunction from COVID-19 infection seems to affect the
cavernosal endothelium that leads to male sexual dysfunction,
such as erectile dysfunction, lasting for up to 7 months after

infection [80]. From an immunological point of view, the male
reproductive system was shown to stay in a proinflammatory
state after COVID-19 infection evidenced by the presence
of inflammatory cytokines in the semen analysis of men
recovering from their infection [82]. The exaggerated cytokine
storm in men (especially IL-6 and IFN-α) can be involved
in the damage of the blood-testes barrier, leading to testic-
ular infection with COVID-19 especially in moderate/severe
cases where the increased viral load in the blood facilitate
dissemination [82]. Moreover, the increased body tempera-
ture mediated by cytokines might alter spermatogenesis [83].
Finally, the cytokine storm leads to increased production of
reactive oxygen species (ROS) that increase the oxidative
stress in the testes thus affecting spermatogenesis, motility, and
fertilization capacity of mature sperms [83].

Conclusion

Some of the severe COVID-19 infection creates a cytokine
storm that might influence the HPG axis in female patients,
leading to short-term menstrual disturbances. The cytokine
storm also alters the proinflammatory and anti-inflammatory
equilibrium in pregnancy leading to pre-term deliveries and
possible miscarriages. Placental infection is still less under-
stood and requires further research, but the inflammatory
state in COVID-19 infection does not seem to be the culprit
behind placental infection if it took place. Moreover, the
cytokine storm can damage the blood-testicles barrier and can
produce ROS species that might adversely affect the fertility of
male infected patients. Given the above, more research needs
to be done to identify if there will be clinically significant
difference in symptoms (whether systemic or menstrual) or
duration of symptoms between females who got infected
with COVID-19 in their follicular phase and those who got
infected in their luteal phase of the menstrual cycle, given
the different expression levels of female hormones in these
two phases. Finally, given the interaction between the immune
system and the ovarian hormones, more research needs to be
conducted to assess whether the immune response and the
acquired immunity due to COVID-19 vaccine differ according
to whether the COVID-19 infection or vaccine is given in the
luteal or follicular phase.
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