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Sex, Hormones, Immune Functions, and
Susceptibility to Coronavirus Disease 2019
(COVID-19)-Related Morbidity
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the virus that causes coronavirus disease
2019 (COVID-19), uses two primary receptors, type Il
transmembrane serine protease and angiotensin-
converting enzyme-2, for priming and cellular invasion,
respectively. Both proteins have been demonstrated to
be present in different concentrations in females and
males, which may explain a mechanism for the reported
higher case-fatality rate in males. Despite the known
sex difference in COVID-19 disease mortality, prelimi-
nary data suggest there are certain female populations,
including pregnant and menopausal women and possi-
bly polycystic ovarian syndrome patients who are more
susceptible to COVID-19-related morbidity. This com-
mentary analyzes the interplay between sex differences,
hormones, and the immune function in each of these
populations with respect to the risk and severity of
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COVID-19 and proposes biological rationales to explain
these differences.
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C oronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is responsible for the pandemic viral
disease outbreak that originated in Wuhan, China, in
December 2019. As of September 2020, the Centers
for Disease Control and Prevention (CDC) reported
4.9 million cases of COVID-19 in the United States.!
Ninety-seven percent of these cases were reported
with sex (male or female): 2.5 million female
(51.8%) and 2.3 million male (48.2%).! Among these
cases, the overall case-fatality rate was 2.9%, of which
46% of the deaths were females and 54% were males.!
Although there is a higher infection rate for females in
the United States, it appears that the severity and sub-
sequent death rate is worse in males.

The Global Health 5050 database, as of Septem-
ber 2020, reports COVID-19 data from 119 countries,
of which 42 countries reported a greater rate of
COVID-19 infection in females.? Furthermore, an
increased male/female case-fatality ratio ranging from
1.01 to 3.84 times greater was reported in 63 of the 75
countries for which detailed demographics were avail-
able.? The highest male/female ratio was observed in
Myanmar, Tunisia, Thailand, Albania, and Wales.? It
is important to acknowledge, however, that each
country employed a unique entity to report data, mak-
ing it difficult to analyze COVID-19 incidence and
case-fatality reporting on a global platform.?

Not only are there sex differences in COVID-19
incidences and mortality, but differences are also
observed at the cellular level after infection with
SARS-COV-2. Severe acute respiratory syndrome
coronavirus 2 is an enveloped positive sense RNA
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virus that enters the body through its interaction
between the S-protein on the virus’ surface and the
angiotensin-converting enzyme-2 (ACE-2) molecules,
inducing a cellular response.? Before interaction with
ACE-2, the S-protein is primed by a type II trans-
membrane serine protease.* Angiotensin-converting
enzyme-2 and type II transmembrane serine protease
have been demonstrated to be present in different
concentrations in females and males.>* Angiotensin-
converting enzyme-2 expression levels have been
shown to be higher in males than females.* In the
lungs, there are several cell types that express ACE-
2.3 In males there are at least five different cell types
with ACE-2 expression, compared with only two to
four cell types in females.? Furthermore, male gonadal
cells including spermatogonia, Leydig, and Sertoli
cells have an increased presence of ACE-2 compared
with female gonadal cells.” Type II transmembrane
serine protease is an androgen-regulated cell surface
protease that is predominantly expressed in prostate
epithelium, spermatogonia, and spermatids.® Corona-
virus disease 2019 is a viral disease that uses two pri-
mary receptors for priming and cellular invasion, both
of which are more prevalent in males comparatively.

Despite the recognized sex differences in
COVID-19 disease mortality, there are certain female
populations who are more susceptible to COVID-19-
related morbidity. This commentary discusses the
potential hormonal and immune system differences
between sexes that may account for differences in
incidences and case-fatality rates. There are certain
female populations, including pregnant and meno-
pausal women and possibly patients with polycystic
ovarian syndrome (PCOS) who may be susceptible
to COVID-19-related incidence and morbidity.

PREGNANCY

The June 25, 2020, Morbidity and Mortality Weekly
Report from the CDC reported that SARS-CoV-2
infection in pregnancy was associated with increased
hospitalizations, intensive care unit admissions, and
mechanical ventilation, but not death (Table 1).” Fac-
tors that may contribute to increased disease severity
in pregnancy relate to normal physiologic changes
including airway edema, elevated diaphragm, and
increased oxygen consumption as well as an overall
immunocompromised state.® In addition, the postpar-
tum progesterone withdrawal may further increase
risk of viral susceptibility.

Progesterone exerts antiinflammatory effects via
inhibition of nuclear factor kappa beta.® It also
decreases inflammatory cytokines: tumor necrosis
factor-alpha, interferon-gamma, and interleukin (IL)
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12, and increases antiinflammatory cytokines such as
IL-10. Influenza A virus, similar to SARS-CoV-2, pri-
marily infects respiratory epithelial cells leading to the
production of proinflammatory cytokines and chemo-
kines.®” An animal study showed significant improve-
ment in influenza A morbidity and mortality among
female rats on progesterone who had prior surgical
progesterone depletion via oophorectomy.” The
authors of the study concluded that progesterone
reduces pulmonary inflammation, improves lung
function, repairs damaged lung epithelium, and facil-
itates overall faster recovery from influenza A virus
infection.? Of note, the influenza viral load was unaf-
fected, implying progesterone acts primarily on the
downstream inflammatory reaction.” Pregnancy is a
high progesterone state, and the postpartum period
is a relatively progesterone depleted state. The rapid
withdrawal of progesterone in the postpartum period
may create a relative decrease in protection from
inflammation in the lung conducive to SARS-CoV-2.

Early studies from China reported that most
severe cases in pregnant women occurred after
delivery—when progesterone withdrawal rapidly
occurs. However, this was a small sample (N=9).1°
More recently, a study from New York City showed
that approximately one of three (14/43) pregnant
patients who tested positive for SARS-CoV-2 were
asymptomatic, but 6 of 13 discharged asymptomatic
patients developed symptoms within 7 days.!! More
compelling is a prospective observational cohort
study (N=427) by Knight et al,'?> which showed that
81% (342/427) of women admitted with SARS-CoV-2
were in the third trimester or peripartum. Sixty-two
percent (266/427) of these patients delivered in the
hospital. Forty-one admitted women experienced
severe disease states requiring critical care or extra-
corporeal membrane oxygenation; of note, 80% (33/
41) were in the postpartum period.!? The article, how-
ever, did not discuss whether the 33 postpartum
patients’ deliveries were spontaneous or initiated by
worsening respiratory function.

It is difficult to assess the role of low progesterone
in viral infection susceptibility because the third
trimester and peripartum patients with COVID-19
were grouped in the study design.!? However, the
majority of the patients who experienced severe
symptoms were in the postpartum period, supporting
the hypothesis of increased disease severity with pro-
gesterone withdrawal.!? It is important to note that the
small sample size reported in the aforementioned
study may be affected by ascertainment bias. Addi-
tional high-powered studies should be conducted to
further support the correlation described.
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Table 1. Rates of Hospitalization, Intensive Care Unit Admission, Mechanical Ventilation, and Death
Among Females Aged 15-44 Years With Coronavirus Disease 2019 (COVID-19) With Respect to

Pregnancy Status

Nonpregnant (n=83,205) RR (95% CI)

Outcome Pregnant (n=8,207)
Hospitalization 2,587 (31.5)
ICU admission 120 (1.5)
Mechanical ventilation 42 (0.5)
Death 16 (0.2)

4,847 (5.8) 5.4 (5.1-5.6)
757 (0.9) 1.5 (1.2-1.8)
225 (0.3) 1.7 (1.2-2.4)
208 (0.2) 0.9 (0.5-1.5)

RR, risk ratio; ICU, intensive care unit.
Data are n (%) unless otherwise specified.

Modified from Ellington S, Strid P, Tong VT, Woodworth K, Galang RR, Zambrano LD, et al. Characteristics of women of reproductive age
with laboratory-confirmed SARS-CoV-2 infection by pregnancy status—United States, January 22—June 7, 2020. MMWR Morb Mortal

Wkly Rep 2020;69:769-75. doi: 10.15585/mmwr.mm6925al

Progesterone-only contraceptives, medroxypro-
gesterone acetate injectables, levonorgestrel intrauter-
ine devices, subdermal implants, and progestin-only
pills can potentially be used in the immediate post-
partum progesterone withdrawal period. These agents
replace endogenous progesterone production with a
synthetic progestin, which binds to progesterone recep-
tors longer and may create a unique immune response.
The injectable form is readily administered immedi-
ately after delivery in accordance with the CDC
recommendations.!®> We present a theoretical frame-
work for the use of progestin-only contraceptives that
may be extrapolated to include combined hormonal
contraceptive therapy given their use of synthetic pro-
gestins. One study assessed COVID-19 disease with
respect to the use of combined hormonal oral contra-
ceptives, which demonstrated a protective effect for
symptomatic COVID-19 disease.!* The primary study
population were premenopausal women. However, the
study did not include a subset analysis of postpartum
patients. Therefore, further studies and trials should be
completed to assess the theoretical role of hormonal
contraceptive therapy in mitigating the risk of severe
COVID-19 in the postpartum period.

Not only is pregnancy associated with increased
progesterone levels, but also with increased levels of
estrogen. Estrogen receptors are expressed on T and
B cells, natural killer cells, macrophages, dendritic
cells, and neutrophils.!® These receptors are regulated
by the changes in hormones in the menstrual cycle,
pregnancy, and menopause. Low levels of estrogen
have been associated with a Thl response, which is
predominantly a cellular-based immune response pro-
ducing IL-6 among other pro-inflammatory cyto-
kines.!> In contrast, higher doses of estrogen have
been associated with a humoral response, with nota-
bly increased Th2 and subsequent IL-4, IL-5, and IL-
10 cytokine production.!®
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Therefore, in pregnancy, there are immune
changes due to the increased levels of estrogen.
Specifically, there is a shift from the Th1-Th2 balance
to more Th2 predominance.!® The elevated levels of
estrogen in pregnancy act on the immune function
cells to upregulate a humoral response via the Th2
shift.!® However, there is a reduced activity and quan-
tity of NK cells and T cells despite the shift towards a
Th2 class. These factors may increase susceptibility to
SARS-CoV-2 infection.

A possible additional factor to explain the
increased disease severity in pregnancy is the
increased expression of ACE-2. One study reported
that there was a two-fold increase in ACE-2 expres-
sion in the kidney, placenta, and uterus of pregnant
patients compared with nonpregnant women.!>17:18
As noted, the ACE-2 protein serves as a key regulator
of viral entry in SARS-CoV-2 infection. Thus,
increase in ACE-2 during pregnancy heightens the
risk for SARS-CoV-2 infectivity.

MENOPAUSE

Menopause reflects a change of the reproductive
hormone levels in women. During this phase, estro-
gen and progesterone levels decrease as luteinizing
hormone and follicle stimulating hormones increase.

It is well known that COVID-19 has globally
affected men more severely than women. Despite the
increased mortality among men, we have also seen an
alarming effect on female mortality. Scully et al'”
demonstrated the relationship of age and COVID-
19 mortality rates desegregated by sex (Fig. 1). For
women, there is an initial increase in COVID-19-
associated case-fatality that begins at age 50 years,
notably coinciding with the age of menopause and
many other comorbidities. A more pronounced
increase in COVID-19 case-fatality is seen in women
older than age 70 years, where the case-fatality rate
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approaches that of men. Before 70 years of age, men  decline shows that men experience the decline 5 years
across all age groups had approximately twice the  earlier than women.?® Coincidentally, the median age
case-fatality rate compared with women.?° of COVID-19 mortality was 82 years for women and
An explanation for the decreasing mortality gap 78 years for men. This difference in immune decline
between sexes with increasing age may be attributed ~ may be attributed to genetic components, changes in
to the hormonal changes that occur after menopause.  adaptive or innate immunity, and hormonal effect.
These changes include decreased levels of estrogen The genetic aspect may be the result of the
and increased androgen production from the adrenal ~ presence of two X-chromosomes in females, which
glands. Estrogen has demonstrated protective effects  allows for random X inactivation and the presence of
on the immune system, and androgen receptor  a larger pool of genetic material to create immune
activation has been implicated in viral infectivity as  responses.?® Recent studies on female lymphocytes
previously described. using knock-out techniques have shown that X-chro-
Another theory posed by Marquez et al?® suggests ~ mosome inactivation is predisposed to become par-
that the increased mortality with age is due to a decline tially reactivated.?! Both female T and B cells,
in immune function. This article notes two significant ~ therefore, have biallelic expression increasing tran-
immune declines throughout the lifetime. The first  scription of X-linked immune-related genes.?? This
decline is observed in both sexes to occur approxi-  provides mechanistic evidence to link X-chromosome
mately at age 40 years; the second and more pro-  inactivation to female bias observed with enhanced
nounced decline occurs near age 70 years. The latter ~ immunity and autoimmunity susceptibility.??
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Fig. 1. Case-fatality rate by gender, age, and country. A. Coronavirus disease 2019 (COVID-19) case fatality rates for males
and females across 38 countries or regions reporting sex-disaggregated data on COVID-19 cases and deaths. B. Average
COVID-19 case fatality rates for males and females stratified by age. The data were obtained from Global Health 50/50 and
official government websites of each respective country on 7 May and 8 May 2020. Reprinted by permission from Springer
Nature: Nat Rev Immunol. 2020; 20(7):442-447 (Considering how biological sex impacts immune responses and COVID-
19 outcomes. Scully EP, Haverfield J, Ursin RL, Tannenbaum C, Klein SL, 2020).
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Estrogen receptors are present on multiple
immune function cells and act in a dose dependent
manner. Menopause is a relatively low estrogen state
favoring the Thl innate cellular response.!” The
innate cellular response is characterized by pro-
inflammatory cytokines including IL-6, among others.
Marquez et al notes that males have increased inflam-
mation correlating with levels of IL-6, which increases
in males faster than females.? Women experience a
distinct increase in IL-6 after menopause. We postu-
late that menopausal women have similar increases in
IL-6 as males. Perhaps this increased inflammatory
state is a predisposing factor to the classic cytokine
storm seen in severe COVID-19.1?

POLYCYSTIC OVARIAN SYNDROME

Polycystic ovarian syndrome is an altered hormonal
state that predominantly affects females of childbear-
ing age (typically 14-50 years). The important fea-
tures of this syndrome are hyperandrogenism,
numerous ovarian cysts, and irregular anovulatory
menstrual cycles.?? The prevalence of PCOS in the
female population varies from 4% to 21% depending
on the criteria.?3

In a recent article by Kyrou et al?4, the similarities
between patients with PCOS and high-risk patients
with COVID-19 are reviewed. The classic patient
with PCOS has a higher prevalence of comorbidities
such as metabolic syndromes including heart disease,
hypertension, diabetes mellitus, and obesity.242> Met-
abolic syndromes have been directly associated with
increased COVID-19 morbidity and mortality.?425

According to epidemiologic studies, females who
are of childbearing age are at decreased risk of
contracting COVID-19 and have a decreased case-
fatality rate.!? Despite the seemingly protective factor
of childbearing age, the subset of patients within this
category who have PCOS may be at increased risk of
COVID-19 disease and severity due to associated hy-
perinflammation and hyperandrogenism.2* The
caveat to this hypothesis is that it is difficult to inde-
pendently assess the contribution of PCOS as a risk
factor due to the overlap of metabolic syndrome in the
male and female populations.

Polycystic ovarian syndrome is a hyperinflamma-
tory state that makes patients more prone to activate
pro-inflammatory pathways in response to infection.?*
It is often correlated with obesity with a prevalence
rate of 50-80%.2¢ Obesity and increased peripheral
adipose tissue lead the body to experience lipotoxic-
ity: the ectopic presence of lipid in nonadipose tissue
where it induces oxidative stress.?’” This can be
directly related to insulin resistance and inflamma-
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tion.?” Coronavirus disease 2019 has been strongly
associated with the development of a cytokine storm
syndrome producing pro-inflammatory cytokines
(tumor necrosis factor-alpha, IL-6, IL-7, IL-8, and
others).2 It can be postulated that the existing inflam-
matory state of PCOS can more readily trigger a char-
acteristic cytokine storm, exacerbating the COVID-19
infection.

Not only is PCOS a state of hyperandrogenism in
which there are higher levels of androgens, but it is
also a state of increased androgen sensitivity.?® Andro-
gens play an indirect role in viral entry via androgen
receptor activation. When androgen receptor activa-
tion occurs, type II transmembrane serine protease is
upregulated.?® Type II transmembrane serine prote-
ase serves as a primer for the spike protein of SARS-
CoV-2, which then interacts with ACE-2 for viral
entry.®* The increased levels and sensitivity to andro-
gens could potentially directly affect the susceptibility
to COVID-19 in patients with PCOS.2® In theory,
patients with PCOS may be at greater risk of contract-
ing the virus and require increased surveillance by
their health care professional. Despite multiple
hypotheses that suggest that patients with PCOS are
more susceptible to COVID-19 disease, there are no
clinical data reported regarding this association. To
further investigate the correlation of COVID-19 dis-
ease in patients with PCOS, we suggest that patients
with PCOS be prospectively studied among a cohort
of age-matched patients with similar incidences of
comorbidities.

It may be useful to stratify future studies of
COVID-19 infection and severity rates in patients
with PCOS. Spironolactone (an antiandrogenic) is
prescribed as one of the treatments for patients with
PCOS with hyperandrogenic symptoms, but it is
infrequently used.?” It has been considered as therapy
in patients with COVID-19 given the antiandrogenic
properties and the effect on decreasing type II trans-
membrane serine protease expression. Liaudet et al
suggest the potential use of spironolactone to prevent
severe COVID-19 is due to its antiinflammatory
effects through inhibition of the mineralocorticoid
receptor.3® However, spironolactone increases ACE-
2 expression, which is a key factor in viral entry. This
hypothesis should also be assessed in patients without
PCOS who exhibit comorbidities associated with
COVID-19 disease. For example, spironolactone is
a common treatment for patients with hypertension
or cardiac failure. In this subset of patients, COVID-
19 infectivity and severity when on spironolactone
therapy compared with a control group should be
assessed.
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SUMMARY AND CONCLUSION

There are female populations that should be consid-
ered at increased risk of COVID-19 infection and
disease severity, including patients who are pregnant
and are postmenopausal. Patients with PCOS may
also represent a population that is at higher risk of
infection, but there is a paucity of data to confirm this
correlation. This commentary serves to analyze the
interplay between hormones and immune function in
each of these female populations with respect to
COVID-19 risk, develops biological hypotheses for
these relationships, and explores potential therapeutic
interventions. We recognize the following limitations
within this commentary: there are individuals who are
not represented by binary sex, and, as of November
2020, there are no data on patients with PCOS and
COVID-19. A literature review using the terms poly-
cystic ovarian disease, PCOS, COVID-19, and SARS-
CoV-2 was completed in PubMed, Cochrane Librar-
ies, ClinicalTrials.gov, and HealthData.gov, and
yielded no data comparing patients with PCOS and
COVID-19.
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