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TO THE EDITOR: Almost immediately after the pandemic out-
break in China, sex differences in COVID-19 vulnerability
and clinical presentation were observed (9, 17, 23), indicating
some protective mechanism in females. A reasonable biologi-
cal explanation was offered by well-known estrogen ability
to boost immune response and likely modulate angiotensin-
converting enzyme 2 (ACE2) expression (4, 6, 18, 22), which
should imply a lower rate of infection with severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) in females
because of the more robust immune response. However,
recent retrospective studies using large, pooled sex-disaggre-
gated data from countries worldwide find no differences in
the number of COVID-19 cases between the sexes, but higher
severity [according to the number of hospitalizations and in-
tensive care unit (ICU) admissions] and case fatality in males
(7, 16). Male-to-female COVID-19 case fatality ratios,
obtained from different countries, were found to be relatively
uniform and range between 1.7 and 1.8 (7), supporting uni-
versal biological mechanisms responsible for reduced case
fatality rate in females, independent of demographic and
sociocultural factors. Interestingly, the male case fatality pre-
dominance was shown to be most pronounced in the middle
age group and to linearly decline in the higher age groups (7),
suggesting a loss of females’ physiological protective factor/s
during aging. The main pathophysiological event strongly
associated with fatal outcome in COVID-19 patients is cyto-
kine release syndrome (cytokine storm) development, trig-
gered by the uncontrolled hyperimmune response (1, 14, 20),
which may actually be aggravated by immunostimulatory
effects of estrogen. In the recent study, severe COVID-19
patients on respiratory support who were treated with dexa-
methasone showed significantly reduced 28-day mortality
compared with usual care group (19), emphasizing the benefi-
cial effects of immunosuppression in alleviating COVID-19
severity. In that terms, lower COVID-19 vulnerability in
females could be provided by progesterone, rather than estro-
gen. Namely, progesterone is well known for its immunosup-
pressive and anti-inflammatory effects (6, 13, 15, 18) that
could mitigate hyperinflammatory reaction counteracting
cytokine storm development. Progesterone has been shown to
stimulate T regulatory cell (Treg) differentiation, restrain
Th17 responses but enhance interferon-alpha (IFN-a) path-
ways (10, 13, 18), which all together could be of particular
importance for keeping the viral replication under control,
but without excessive and self-reinforcing inflammation.
Furthermore, animal studies showed progesterone ability to

promote lung repair and recovery by inducing epidermal
growth factor amphiregulin (Areg), protecting thus adult
female mice against lethal Influenza A virus (IAV) infection
(11, 15). Progesterone was also found to be effective in the
mitigation of noninfectious inflammatory lung injuries in ani-
mal models, where even inhalation of progesterone provided
protection (5).
Most of the progesterone immune effects are achieved

through the progesterone receptor (PR), which is widely dis-
tributed on the immune cells and acts by the transrepression
manner to inhibit proinflammatory gene transcription (10).
However, owing to the considerable pleiotropism, progester-
one can bind and activate other steroid receptors, preferably
glucocorticoid receptor (GR) and mineralocorticoid receptor
(MR), but with less potency than the original ligands (10).
Knowing the physiological effects of the corresponding hor-
mones, some potentially protective effects of progesterone
during SARS-CoV-2 infection could be also attributed to the
progesterone-mediated activation of GRs and MRs. The be-
neficent effect of GRs activation is in line with the aforemen-
tioned reduction of mortality in dexamethasone-treated
severe COVID-19 patients (19). Moreover, recent studies on
animal models suggest that progesterone immunomodulatory
impact on T cell response is achieved strictly by means of
GRs (12). On the other hand, by increasing blood volume,
progesterone-mediated MR activation could reduce constitu-
tive renin secretion from juxtaglomerular cells and conse-
quently decrease the production of proinflammatory and
profibrotic angiotensin II (Ang II) molecule. This thesis is
supported by a recent clinical study showing that females
require a lower dose of ACE inhibitors than males to achieve
a satisfactory therapeutic effect (21). Withal, progesterone
has been found to decrease cell infection by human immuno-
deficiency virus (HIV) retaining viral particles in the endoso-
mal-type vesicles and preventing thus “trapped” virus to
spread (2, 3). Previous studies also showed that progesterone
is able to inhibit fluid phase endocytosis-mediated HIV cellu-
lar uptake (3). Besides, a recent study on the SARS-CoV-2
protein interaction map found that progesterone can antago-
nize endoplasmic reticulum Sigma receptors that are impli-
cated in trafficking and assembly of viral components,
eventually disrupting endocytic pathway exploited by the
SARS-CoV-2 (8).
Although the role of progesterone in the context of

SARS-CoV-2 infection has been somewhat neglected and
rarely discussed so far, the available data strongly indicate
progesterone importance in establishing sex disparity of
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evidence points to the protective role of progesterone during
SARS-CoV-2 infection nominating it for drug repurposing
consideration (8).
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