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a b s t r a c t 

SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) infection is a global medical challenge. Experi- 
ence based medicines and therapies are being attempted and vaccines are being developed. SARS-CoV-2 exhibits 
varied patterns of infection and clinical presentations with varied disease outcomes. These attributes are strongly 
suggestive of some variables that differ among individuals and that affect the course of SARS-CoV-2 infection 
and symptoms of COVID-19 (Corona Virus Disease of 2019). Sex hormones vary with ageing, between the sexes, 
among individuals and populations. Sex hormones are known to play a role in immunity and infections. Proges- 
terone is a critical host factor to promote faster recovery following Influenza A virus infection. Anti-inflammatory 
effects of progesterone are noted. In part 1 of the current study the regulatory role of progesterone for SARS-CoV- 
2 infection and COVID-19 is analyzed. The role of progesterone at different stages of the SARS CoV-2 infection 
is investigated with respect to two types of immunity status: immune regulation and immune dysregulation. 
Progesterone could have various alleviating impacts from SARS-CoV-2 entry till recovery: reversing of hypoxia, 
stabilizing of blood pressure, controlling thrombosis, balancing electrolytes, reducing the viral load, regulation 
of immune responses, damage repair, and clearance of debris among others. The present research adds to the 
available evidence by providing a comprehensive and thorough evaluation of the regulatory role of progesterone 
in SARS COV-2 infection, COVID-19 pathogenesis, and immune dysregulation. The available evidence has impli- 
cations for upcoming studies about pathophysiology of COVID-19, as well as the roles of progesterone and other 
hormones in other infectious diseases. 
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. Introduction 

Patients‘ responses to SARS-CoV-2 infection, the severity of symp-
oms, and disease outcomes are primarily determined by their immune
esponses to conquer the virus, and by their capability to regulate these
mmune responses appropriately. Recovery from COVID-19 is deter-
ined by the patients‘ ability to overcome the infection and to bal-

nce the elevated cell-mediated immunity by developing humoral im-
unity along with other regulatory mechanisms. Failing to do so en-

enders a state of immune imbalance, which could cause pathophysi-
logical changes presenting as symptoms of sickness ( Huntington and
ray, 2018 ). There is a strong interaction between sex hormones and

he immune system. Immune cells have receptors for hormones, and
irculating hormones can regulate the immune system through these re-
eptors ( Dosiou et al., 2008 ). It is rational to look for their possible role
n COVID-19 pathogenesis and recovery. 
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The three major sex hormones are estrogen, progesterone, and testos-
erone. Estrogen has subtypes: estrone, estradiol, estriol, and estetrol
 Baker, 2013 ). There is a predominance of different subtypes depending
n age, reproductive status, and sex ( Cooke et al., 2017 ). This varia-
ion makes it complicated to assess its role as a single common regula-
ory hormone parameter for the SARS-CoV-2 pandemic, which is affect-
ng all age groups and sexes. Scientists have looked for testosterone‘s
ole in COVID-19 patients. Findings from these studies are debatable
ith two upcoming theories: one suggesting low levels of testosterone
nd the other indicating high levels of testosterone as aggravating the
ourse of COVID-19 ( Pozzilli and Lenzi, 2020 ). The role of progesterone
n COVID-19 remains to be explored. Based on a detailed research study
n female mice, Hall OJ et al from Johns Hopkins found that proges-
erone promotes faster recovery following Influenza A virus infection
 Hall et al., 2016 ). Another study has concluded that progesterone is
nti-inflammatory and has analgesic effects ( Shilpa and Roby, 2019 ).
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rogesterone is a precursor to both estrogen and testosterone. The
resent research discovers if progesterone is a possible therapeutic
egulator for COVID-19. 

. Methods 

The present original theoretical research was carried out in the city of
umbai, Maharashtra, India from April 1, 2020 to December 31, 2020.

COVID-19 was a novel and yet to be understood disease, when the
resent research was started. Physicians and health professionals in-
olved in the care of COVID-19 patients were contacted through phone
r electronic communications to gather their opinion about the most ob-
erved pathological changes and complications in SARS-CoV-2 infected
atients. Opinions of Indian and international physicians were also gath-
red through live streaming interviews on electronic media. Among all
he different pathogenesis, cytokine storm and immune-dysregulation
as the major factor noted. Hence, based on the gathered information

he study layout was prepared depicting two types, one being COVID-
9 with progression towards recovery and the other, COVID-19 with
mmune dysregulation and severe disease. 

Primary theoretical research was conducted to understand and ex-
lain each stage of the disease: beginning with virus entry, immune re-
ponses, pathogenesis, immune regulation, immune dysregulation, sys-
emic injuries, repairs and debris overload, by keeping abreast with the
pcoming published work in scientific journals. 

To explore the main concept, which is if progesterone has a role in
OVID-19, theoretical investigation based on formative research ques-
ions was carried out separately for each stage of disease in a stepwise
anner. For example, how virus enters the body via priming its proteins
sing TMPRSS2 was an already established part of the research layout;
o find if progesterone has a role to play, the following formative re-
earch questions were raised: 

(1) Does progesterone block ACE2? 
Finding: No. 
(2) Does progesterone downregulate the TMPRSS2? 
Finding: No. 
(3) What are the factors that could affect any or both of the above-

entioned actions, which is blocking ACE2 and/or downregulating TM-
RSS2? 

Finding: Androgens do not downregulate but actually upregulate
MPRSS2. 

(4) Does progesterone block the androgens? 
Finding: Yes. Progesterone is anti-androgenic. This is a known fact

ut to establish this link was an outcome of stepwise research. 
Such formative research questions are the methodological approach

hich guided the research throughout. For readers to have a ready con-
ext, the research findings are presented stage-wise starting with the
ows and whys of SARS-CoV-2 infection and COVID-19 pathogenesis
ollowed by the regulatory contributions of progesterone. All illustra-
ions and tables in the manuscript are originally prepared. 

. Results And Discussion 

Findings of the research are reported and discussed as per the stages
f immune regulation and dysregulation; although within the body any
r all of these processes could be in parallel or at random. 

.1. SARS-CoV-2 infection, immune regulation, and regulatory role of 

rogesterone 

This section details research findings for COVID-19 from infection to
ecovery as per the layout of Fig. 1 
2 
.1.1. Stage 1A. SARS-CoV-2 infection 

Progesterone could exhibit anti-viral activity at three stages of the
ARS-CoV-2 infection: (i) upper respiratory tract, (ii) lower respiratory
ract, and (iii) within the cells and neurons ( Fig. 2 ). 

(i) Upper respiratory tract: 
The major entry of SARS-CoV-2 is via the upper respiratory tract.

hether the virus can successfully enter and establish itself in the host
ell or fails depends on the proteases and protease-inhibitors, which are
ecreted from the respiratory epithelium. More protease and less pro-
ease inhibitors is associated with increased susceptibility to respiratory
iral infections and severity of symptoms ( Meyer and Jaspers, 2015 ).
erine protease inhibitors (serpins) are the major protease inhibitors in
he lung that protect cells from protease-mediated injury. They assist the
mmune system by limiting tissue damage and unwarranted cell death
aused by infection-associated proteases ( Askew and Silverman, 2008 ).
hey are the key regulators of numerous biological pathways that ini-
iate inflammation, coagulation, angiogenesis, apoptosis, and comple-
ent activation; and are associated with cell survival, development, re-
airs, and host defense at the sites of infection and inflammation ( Jakob
t al., 2005 , Gary et al., 2010 ). Progesterone increases secretory leuko-
yte protease inhibitor (SLPI), a serpin secreted by the human nasal ep-
thelial cells and saliva. This is an important respiratory tract host de-
ense protein which confers local protection against microbial, fungal,
nd viral infections ( Sidharthan and Rao, 2011 , Camper et al., 2016 ).
ncrease of SLPI by progesterone also contributes to the confinement of
nflammation and tissue damage, thereby facilitating wound healing. It
romotes infection clearance at mucosal sites by maintaining sufficient
onocytes for infection and inflammation resolution ( Doumas et al.,
005 ). 

(ii) Lower respiratory tract: 
Two main host factors are required for successful SARS-CoV-2 entry

n the lung: angiotensin converting enzyme 2 (ACE2), and the transmem-
rane protease serine 2 (TMPRSS2). SARS-CoV-2 enters cells by binding
ts spike protein to ACE2. To accomplish this binding, the SARS-CoV-
 needs to prime its spike protein; which it does by using TMPRSS2
 Hoffmann et al., 2020 ). Androgens upregulate the TMPRSS2 and facil-
tate the SARS-CoV-2 to establish itself ( Wambier et al., 2020 ). Proges-
erone is anti-androgenic and can block the upregulation of TMPRSS2
y androgens ( DeLeo et al., 2016 ). Notably, progesterone and the ser-
in alpha-1 antitrypsin which inhibits the SARS-CoV-2 priming protease
MPRSS2 are higher in adult females than in adult males ( Azouz et al.,
020 , Lauretta et al., 2018 , Sedrani et al., 1988 ). This is an important ob-
ervation because SARS-CoV-2 infection and mortality due to COVID-19
re significantly more severe in males than in females ( Jin et al., 2020 ).

(iii) Receptor binding: 
Receptor binding is a major determinant of tissue tropism for SARS-

oV-2. Sigma receptors might play a role in the infectivity of SARS-CoV-
 ( Gordon et al., 2020 ). These receptors are highly expressed in intracel-
ular locations: the olfactory bulb, lung, liver, intestine, kidney, spleen,
drenal gland, central nervous system (brain and the periphery), and
lacenta. Sigma receptors are predominantly localized intracellularly in
he endoplasmic reticulum (ER) ( Hayashi and Su, 2005 ). When an ago-
ist binds to the sigma receptor, it acts as an upstream accelerator of ER
tress through modulation of a voltage-gated ion channel ( Vela, 2020 ).
orona viruses exhibit identical effects on ER stress and may have a
ole in the agonist activation of the sigma receptors. Replication of the
oronaviruses occurs in membranous compartments derived from the
R, which causes host cell stress and activates pathways to facilitate
daptation of the host cell machinery to viral needs. Progesterone is an
ntagonist of sigma receptors that blocks the receptor-mediated modu-
ation of the voltage-gated ion channel ( Johannessen et al., 2011 ). This
ay it blocks action of the agonist ( Maurice and Su, 2009 ) on the sigma

eceptors and controls the ER stress. This is a disadvantage for the virus.
ordon et al ( Gordon et al., 2020 ) have reported that progesterone could
xert antiviral activity on SARS-CoV-2 through its sigma activity. 
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Fig. 1. Schematic illustration of immune regulation post immune attack for SARS-CoV-2 infection leading to recovery. 

Table 1 

Progesterone’s regulatory actions on COVID-19 pathogenesis. 

Hypoxia Airway smooth muscle relaxation, regulates microvascular leakage in airways, increases alveolar ventilation 
Hypertension Vasodialator, lowers blood pressure, regulates vascular tone. inhibits coronary hyperactivity 
Low hemoglobin and iron overload Increases hepcidin production 
Thrombocytopenia Progesterone metabolites regulate platelet aggregation and thrombosis 
Electrolytes imbalance Regulates potassium homeostasis and renal electrolyte balance 
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.1.2. Stage 2A. Cell-mediated immunity 

The SARS-CoV-2 virus being novel, humans who are coming across
t for the very first time have no specific cellular or humoral immune
emory for this virus. When this virus enters the body, cross-reacting or

locking antibodies, if any, from previous infections may provide initial
arricade, but it is cell-mediated immunity which actually serves as the
rimary immune response and attack. SARS-CoV-2 being an intracellu-
ar infectious agent, an initial cell-mediated immune response is vital
or its elimination ( Stertz et al., 2007 ). 

.1.3. Stage 3A. Pathogenesis 

The role of progesterone in COVID-19 pathogenesis is summarized
n Table 1 . 
3 
.1.3.1. Hypoxia: A mega study on factors associated with hospitaliza-
ion and critical illness conducted by Christopher M et al. on more than
000 patients with COVID-19 in New York City revealed that though
ge and comorbidities are powerful predictors of hospitalization, it is
n-admission oxygen impairment and markers of inflammation which
re strongly associated with critical illness ( Christopher et al., 2020 ).
n COVID-19 patients, oxidative stress resulting from perpetuation of
he cytokine storm, coagulopathy, cell hypoxia and inflammation are
nterconnected and co-exist ( Cecchini and Cecchini, 2020 ). 

Hypoxia induces glycolysis, thereby acidifies the tissue and perpet-
ates inflammation ( McGarry et al., 2018 ). After analyzing a series of
ritically ill COVID-19, cases Bhatraju PK et al. found that COVID-19 pa-
ients requiring admission to intensive care units were hypoxemic with
espiratory failure requiring mechanical ventilation, or hypotension
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Fig. 2. SARS-CoV-2 infection and anti-viral activities of progesterone. 
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equiring vasopressor treatment, or both. Mortality among these crit-
cally ill patients was high ( Bhatraju et al., 2020 ). 

The lung is a target organ for estradiol, progesterone, and prolactin
 Ben-Harari et al., 1983 ). These hormones have a well-known role in the
egulation of vascular tone. Progesterone and estrogen have also been
ssociated with airway smooth muscle relaxation which reduces the con-
ractile response of the bronchial smooth muscle ( Zarazúa et al., 2016 ).
rogesterone is an effective agent for improving ventilation. A decrease
n progesterone level alters the contractility of smooth muscles and in-
reases the hydration of airway mucosa because progesterone is impor-
ant in the regulation of microvascular leakage in airways ( Beynon et
l., 1988 ). In humans, serum progesterone is positively associated with
eak expiratory flow rate during the luteal phase of the menstrual cycle
hen the progesterone level is high ( Mannan and Begum, 2012 ). Pro-
esterone reduces alveolar pCO 2 in adult men ( Goodland et al., 1953 ).
n patients with obesity-hypoventilation syndrome, progesterone ther-
py is reported to increase alveolar ventilation by an additional 29.3
er cent and total minute ventilation by 20.6 percent along with nor-
alization of the arterial blood gas tensions and pH, correcting the

espiratory acidosis. Further, abnormal ventilator carbon dioxide re-
ponse curves get restored to normal by progesterone therapy ( Lyons
nd Huang, 1968 ). Similarly, patients with the Pickwickian syndrome,
haracterized by obesity, hypoxemia, hypercapnia, who undergo pro-
4 
esterone therapy have highly significant rise in PaO 2 and reduction in
aCO 2 ( Sutton et al., 1975 ). Progesterone is also found effective in low-
ring the PaCO 2 in patients with emphysema and hypercapnia ( Tyler,
960 ). Before menopause, there is better oxygenation even at lower
emoglobin levels in women long residing at high altitude, and this is
ssociated with higher levels of progesterone in the luteal phase of the
ycle ( León-Velarde et al., 2001 ). 

.1.3.2. Blood pressure and ACE2 (Angiotensin Converting Enzyme 2): A
ooled analysis of the current literature suggests that hypertension may
e associated with an up to 2.5-fold higher risk of severe or fatal COVID-
9, especially in older patients ( Lippi et al., 2020 ). At the present time,
t is not clear whether the upregulation of ACE2 in lung can be harm-
ul or beneficial for patients with SARS-CoV-2 infection ( Fernández-
ernández, 2020 ). Researchers have varied conclusions about it: 

1) Patients with cardiac diseases, hypertension or diabetes, who are
treated with ACE2-increasing drugs, are at higher risk for severe
COVID-19 infection ( Lei et al., 2020 ). 

2) High ACE2 expression has a protective role against SARS-CoV2 fa-
tality ( Jiawei et al., 2020 ). 

3) Overexpression of ACE2 reduces high BP on a long-term basis

( Yamazato et al., 2007 ). 
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Major medical societies suggest continuing the angiotensin convert-
ng enzyme inhibitors versus angiotensin receptor blockers therapy in
ndividuals who are already receiving treatment. Here it is important
o mention that ACE2 does not activate angiotensin. Angiotensin is ac-
ivated by the angiotensin converting enzyme (ACE), which is inhib-
ted by the ACE inhibitors. However, for patients with a new diagno-
is of hypertension who are at risk of COVID-19, an alternative anti-
ypertensive agent could be preferred ( Antwi-Amoabeng et al., 2020 ).
onadal steroids have been implicated in the control of blood pressure
nd fluid homeostasis. Progesterone is a vasoactive hormone with reg-
latory effects on blood vessels and blood pressure ( Barbagallo et al.,
001 ). Progesterone protects the cardiovascular system. It lowers blood
ressure, inhibits coronary hyperactivity, and has powerful vasodilatory
nd natriuretic effects. Rapid non-genomic progesterone mechanisms
re of physiological importance in regulating vascular tone ( Thomas and
ang, 2013 ). 

.1.3.3. Low hemoglobin and iron overload: Beyond the pulmonary
mmune-inflammation, COVID-19 is a disease marked by oxygen-
eprived blood with dysregulated iron metabolism ( Cavezzi et al.,
020 ). Both increase and depletion of body iron has harmful effects on
ealth, as seen in iron deficiency anemia and iron overload-related or-
an damage. It is interesting to note that both iron deficiency and iron
xcess have been associated with an increased risk of thromboembolic
vents ( Franchini et al., 2008 ). Proteins of the SARS-CoV-2 virus could
oordinately attack the heme on the 1-beta chain of hemoglobin to dis-
ociate the iron from the porphyrin. In turn, the viral surface glycopro-
eins could bind to the porphyrin. This kind of attack on the hemoglobin
ill reduce the amount of intact hemoglobin and cause acute iron over-

oad. Plus, due to the severe stress caused by the SARS-CoV-2 infection
nd inability to exchange carbon dioxide and oxygen, the lung cells will
uffer severe stress and inflammatory changes often resulting in ground-
lass-like lung images ( Wenzhong and Hualan, 2020 ). 

Hepcidin is the master regulator of systemic iron homeostasis. Dys-
egulation of hepcidin leads to altered iron homeostasis and the devel-
pment of pathological disorders including hemochromatosis, and iron
oading and iron-restricted anemias. Increased iron levels in the plasma
nd iron storage in the cells stimulate production of hepcidin which re-
uces iron overload by blocking iron absorption and its further storage
ntil the iron levels are normalized. Action of progesterone is mediated
y its binding to progesterone receptor membrane component-1 which
egulates hepcidin biosynthesis ( Blanchette et al., 2016 , Li et al., 2016 ).

.1.3.4. Thrombocytopenia: Generally, with viruses, evidence suggests
hat inflammation of immune and non-immune cells may lead to an im-
alance of pro- and anticoagulant states during infection ( Bassam et al.,
020 ). Thrombocytopenia is common in patients with COVID ‐19 with
rogression of disease. SARS-CoV-2 infection may reduce platelet pro-
uction; it may increase platelet consumption, and may also increase
latelet destruction ( Xu et al., 2020 ). Platelet count can discriminate
etween severe and non-severe SARS-CoV-2 infections. COVID-19 pa-
ients who do not survive have a significantly lower platelet count than
urvivors. A substantial decrease in platelet count may be an indicator
f worsening illness. Low platelet count is associated with increased risk
f severe disease and mortality in patients with COVID-19 ( Yang et al.,
020 ). Human platelets possess receptors for progesterone metabolites:
regnanolone, isopregnanediol, and pregnanediol. These are the most
ffective stimulators of signal transduction in platelets. They rapidly
timulate calcium influx in human platelets by a src-dependent path-
ay. Platelets get activated when these progesterone metabolites bind

o the platelet receptors. Thus, progesterone metabolites may regulate
latelet aggregation and hence thrombosis in vivo ( Blackmore, 2008 ). 

.1.3.5. Electrolytes imbalance: Serum electrolyte derangements with
ypokalaemia secondary to SARS-CoV-2 infection is common ( Mabillard
5 
nd Sayer, 2020 ). The correction of hypokalaemia is challenging be-
ause of continuous renal potassium loss resulting from the degradation
f ACE2 ( Dong et al., 2020 ). Progesterone inhibits aldosterone bind-
ng to the mineralocorticoid receptor. Elabidaet al have provided strong
vidence for an important role of progesterone to regulate potassium
omeostasis and renal electrolyte balance ( Elabida et al., 2011 ). 

.1.3.6. Anosmia, hyposmia, and dysgeusia: The angiotensin converting
nzyme 2 receptor, to which SARS-CoV-2 binds for entry into cells, is
ound in brain vascular endothelium and smooth muscle ( Hamming
t al., 2004 ). SARS-CoV-2 replicates in neuronal cells in vitro ( Chu et
l., 2020 ). Possible entry routes to the nervous system include carriage
cross the blood-brain barrier following viremia, or through infected
eukocytes or through the olfactory bulb ( Ellul et al., 2020 ). SARS-CoV-
 virus infection in the olfactory bulb manifests as anosmia, hyposmia,
nd dysgeusia either solely or along with other features of COVID-19
 Lao et al., 2020 ). 

Relationships between reproductive hormones and human olfactory
unction are complex and simple associations between circulating lev-
ls of gonadal hormones and measures of olfactory function are rarely
resent ( Doty and Cameron, 2009 ). It will be interesting to find effects
f exogenous progesterone on lost smell and appetite of COVID-19 pa-
ients, especially in context of a study by McNeil J et al which has found
reater total odor scores, explicit wanting for high-fat foods and lipid
ntake, in women during the mid-luteal phase, which is the highest pro-
esterone level phase during the menstrual cycle ( McNeil et al., 2013 ,
armina et al., 2014 ). 

.1.4. Stage 4A. Viral load reduction 

Immune attack results in reduction of the viral load. Referring to
tage 1, progesterone could have a role in SARS-CoV-2 viral load reduc-
ion. It is also reported to reduce the virus infection enhancing activity
f estrone ( Giron et al., 1971 ). It is relevant to mention here the effect of
rogesterone on other viruses. In a laboratory analysis, a progesterone
oncentration of 5 𝜇g/mL in tissue culture medium depressed the pro-
uction of new orthopox viral particles nearly totally. This antiviral pro-
ective activity of progesterone against pathogenic actions of orthopox
iruses was further confirmed in vivo by using rabbits for intradermal
nfections ( Pfahler et al., 1987 ). 

.1.5. Stage 5A. Specific Humoral immunity to SARS-CoV-2 

Specific IgM antibodies to SARS-CoV-2 are generated in COVID-19
atients after 1 week of symptom onset, and reach their peak level in
-3 weeks; after which they start to decrease. Specific IgG antibodies to
ARS-CoV-2 develop later than the specific IgM antibodies. The specific
gG antibodies to SARS-CoV-2 are maintained at a high level for about
 months. The time for development of specific humoral immunity is in
ync with the recovery time of COVID-19 patients. For patients with mild
isease, recovery time is about two weeks, while patients with severe
r critical disease recover within three to six weeks ( WHO Director-
eneral’s opening remarks at the media briefing on COVID-19 2020 ).
urther the anti SARS-CoV-2 antibody levels differ significantly among
OVID-19 patients with different illness severities and outcomes ( Hou
t al., 2020 ). 

.1.6. Stage 6A. Immune regulation 

Regulation of cell-mediated immune attack is necessary to limit
nflammation and avoid systemic injuries. When the viral load starts
o diminish, the cell-mediated immune attack needs to get restrained
n response. Regulatory T cells ( Beissert et al., 2006 ), dendritic cells
 Lipscomb and Masten, 2002 ), and structural cells participate in im-
une regulation ( Krausgruber et al., 2020 ). Vital to the regulation of an

ngoing cell-mediated attack is its balancing by development of specific
umoral immunity to combat the infection. 

Kyurkchiev D et al designate progesterone as a regulator of regula-
ors ( Kyurkchiev et al., 2010 ). Progesterone regulates T cells, B cells,
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Fig. 3. Schematic illustration of immune dys- 
regulation leading to severe COVID-19 disease. 
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atural killer cells, dendritic cells, and mesenchymal cells. It has a stim-
lating effect on the differentiation of monocytes into dendritic cells
 Ivanova et al., 2005 ). Progesterone is shown to impact cell-mediated
nd humoral-helper cells differentiation, cytokine production, and in-
reased Treg differentiation ( Moulton, 2018 ). 

.1.7. Stage 7A. Repairs & 3.8 Stage 8A. Debris clearance 

The above two stages along with the role of progesterone are de-
ailed later in the manuscript along with these identical stages for im-
une dysregulation. To state in brief, progesterone assists in repair of

he damage and clearance of the debris that may have accumulated from
he infection and immune attack, making way for recovery. 

. SARS-CoV-2 infection, immune dysregulation and regulatory 

ole of progesterone 

This section details research findings for COVID-19 from infection to
everity as per the layout of Fig. 3. Immune dysregulation may indicate
ither suboptimum level or unavailability of progesterone or inability to
eet the ’increased dysregulation importunity‘, indicating need for ex-

genous progesterone. The regulatory role of progesterone, as explained
bove, may fail partially or completely resulting in uncontrolled im-
une attack and pathogenesis with overproduction of proinflammatory

ytokines (the cytokine storm), inflammation, systemic injuries, debris
verload and severe illness. 
6 
.1. Stages 1B to 5B 

While the factors for increased dysregulation are detailed in part 2 of
he manuscript, here the following sections highlight possible therapeu-
ic regulatory actions of exogenous progesterone in COVID-19 patients
rom stage 6B to stage 8B of immune dysregulation ( Fig. 3 ); the previous
tages 1B to 5B being the same as the previously detailed stages 1A to
A. 

.2. Stage 6B. Cytokine Storm and Inflammation 

In many patients suffering from COVID-19 infection there is an
ggressive hyperactive inflammatory response with release of large
mounts of pro-inflammatory cytokines. Such an excessive production
f cytokines is referred to as cytokine storm and is correlated directly
ith inflammation, lung injury, multi-organ failure, and poor prognosis
f severe COVID-19 ( Ragab et al., 2020 ). Steroid hormones are well-
ecognized regulators of the inflammatory response. The sex hormones
ave cell- and tissue-specific effects which can regulate inflammation.
rogesterone is suggested as a corticosteroid-sparing, anti-inflammatory
nd anti-edema agent ( Cheng et al., 2019 ). Progesterone signals through
he progesterone receptor and to a lesser extent, through the glucocor-
icoid and mineralocorticoid receptors. Progesterone receptors are ex-
ressed on different immune cell types, including natural killer cells,
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acrophages, dendritic cells, and T cells, and thus progesterone could
ave broad anti-inflammatory effects on the immune system by decreas-
ng leukocyte activation and production of pro-inflammatory mediators.
nhibition of nuclear factor kappa B is suggested to play a role in these
ffects of progesterone ( Bereshchenko et al., 2018 ). 

Progesterone can directly regulate cytokine levels and leukocyte traf-
cking in the progesterone receptor expressing tissues. In these tissues
rogesterone acts as an anti-inflammatory agent, with potential for the
egative regulation of immune cell trafficking. Particularly, the proin-
ammatory cytokines, interleukins (IL), IL-6, IL-8; CXCL (C-X-C mo-
if ligand), CXCL1, CXCL2, and CXCL3 are controlled by progesterone,
oth under physiological conditions and during pathological activation
y lipopolysaccharide ( Goddard et al., 2013 ). Comparisons of individ-
als with high and low c-reactive protein (CRP) levels revealed that
hose with high CRP had significantly lower progesterone ( Clancy et
l., 2013 ). In postmenopausal women, serum CRP levels tended to be
educed by progesterone treatment as compared to the pretreatment
evels ( Chaikittisilpa et al., 2003 ). 

.3. Stage 7B. Systemic injuries and repairs 

The renin-angiotensin system (RAS) plays a main role in regulating
lood pressure and maintaining fluid and electrolyte balance. RAS acts
ot only systemically, but also locally in a variety of tissues, including
he lung. Maintenance of normal ACE2 levels in the lung is beneficial
or the host to combat inflammatory lung disease ( Hongpeng, 2016 ).
ysregulation of the RAS may play a central role in the pathophysi-
logy of COVID-19 associated acute lung injury/acute respiratory dis-
ress syndrome (ALI/ARDS). RAS modulation may have a potential role
n the treatment of patients with severe COVID-19 who are at risk for
LI/ARDS ( Henry et al., 2020 ). It is important to note that angiotensin

I has an inhibitory effect on progesterone and stimulatory effect on al-
osterone ( Johnson et al., 1997 ). Progesterone is a potent aldosterone
ntagonist ( Oelkers, 2002 ). It is diuretic ( Selye and Bassett, 1940 ), and
t can reduce pericardial effusion. Its mineralocorticoid receptor antago-
ist property can have a therapeutic role in diseases of the cardiovascu-
ar system, primary aldosteronism, primary and resistant hypertension,
eart failure, and chronic kidney disease ( Guichard et al., 2013 ). 

Occurrence of acute lung injury is a major determining factor of the
everity of the SARS-CoV-2 infection. About 30% of ICU patients with
OVID ‐19 develop severe lung edema, dyspnea, hypoxemia, or acute
espiratory distress syndrome ( Liyang et al., 2020 ). Progesterone-based
ompounds modulate immune responses throughout the body, by bind-
ng to receptors located in immune cells including natural killer cells,
acrophages, dendritic cells, and T cells, as well as in non-immune cells

uch as epithelial and endothelial cells. Progesterone-based compounds
lter cellular signaling and activity to affect the outcome of infections at
iverse mucosal sites ( Hall and Klein, 2017 ). Progesterone-based treat-
ents promote lung repair by increasing numbers of regulatory CD39 + 

h17 cells in the lungs following clearance of influenza A viruses. Pro-
uction of the epidermal growth factor amphiregulin is also increased
ollowing progesterone treatment. Amphiregulin promotes proliferation
nd repair of respiratory epithelial cells. Progesterone-based compounds
educe inflammation and expedite repair of lung tissue ( Hall et al.,
016 ). 

Neurological complications are common in patients suffering with
evere COVID-19. Damage within the central nervous system or periph-
ral nervous system may be directly by the virus or by the body’s im-
une attack on the SARS-CoV-2 infection. Some patients with COVID-
9 may show nonspecific neurological symptoms, such as confusion and
eadache. A few patients with COVID-19 have more specific neurolog-
cal manifestations, such as seizures or cerebrovascular problems. Neu-
oinvasion of SARS-CoV-2 may partially explain why some patients de-
elop respiratory failure ( Asadi-Pooya and Simani, 2020 ). Several hor-
ones, including hypothalamic neuropeptides acting as neurotransmit-

ers and neuromodulators in the central nervous system, are involved in
7 
he physiologic regulation of breathing and participate in adjustment of
reathing in disease. In addition to central effects, some hormones also
ontrol breathing at peripheral chemoreceptors or have local effects on
he lungs and airways ( Tarja and Polo, 2002 ). 

Progesterone is a neurosteroid that can be metabolized within all
arts of the central nervous system. It is a neuromodulator with neu-
oprotective and neurogenic properties that can regulate neurotrans-
ission and myelination ( Schumacher et al., 2012 , Schumacher et al.,
004 ). Progesterone has been shown to enhance brain mitochondrial en-
rgy metabolism, to decrease oxidative stress and reverse the decrease of
itochondrial respiration rate following brain injury. Actions of proges-

erone on mitochondrial function may participate in its neuroprotective
roperties ( Gaignard et al., 2016 ). Low pulsatile doses of progesterone
ositively modulate neurotansmission ( Ramirez and Dluzen, 1987 ). A
tudy conducted on healthy adult males has concluded that Medrox-
progesterone acetate is capable of crossing the blood-brain barrier and
otentially exerts its ventilatory stimulant effect by some central mech-
nism ( Skatrud et al., 1978 ). Repeated low-dose post-ischemic proges-
erone treatment in animal studies is reported to reduce neurodegenera-
ion induced by chronic cerebral hypoperfusion ( Stnojlovi ć et al., 2015 ).
examethasone is widely used in the management of brain edema. How-
ver, it can interact negatively with glioma therapy. Progesterone could
erve as a viable alternative to dexamethasone in the management of
rain edema ( Cheng and Leung, 2015 ). 

.4. Stage 8B. Debris accumulation and clearance 

Although essential for viral clearance, when excessive and extensive,
he cytotoxic processes can compromise respiratory function through
he loss of airway epithelium, disruption of the epithelial-endothelial
arrier; and accumulation of apoptotic bodies and cellular debris in
he airways. This can prolong severe inflammation and acute lung in-
ury. As the body is recovering from an infection, it clears the virus lit-
er —inactive debris of virus-infected cells —from the lungs. Neutrophils
re the first cells recruited from the bloodstream to sites of infection.
heir main function is phagocytosis. Neutrophils excel in eliminating in-
ected cells and clearing post-immune attack debris. Neutrophils phago-
ytose microbial pathogens, virions, apoptotic bodies containing virus-
nfected dead cells, and debris ( Newton et al., 2016 ). It has been shown
hat progesterone enhances chemotactic activity of neutrophils ( Miyagi
t al., 1992 ). 

Apoptotic bodies and debris left by apoptotic neutrophils are then
leared by macrophages. Macrophages are involved in both innate and
daptive immune responses. As a preface to the immunity pattern con-
ept introduced in part 2 of this manuscript, it would be interesting to
ention here that depending on the types of cytokines that macrophages

re exposed to, they are subjected to classical (Thelper cell 1) or alter-
ative (Thelper cell 2) activation. In the first case, macrophages, par-
icularly when activated by interferon gamma or by lipopolysaccharide,
ave the capacity to destroy the remaining microorganisms, intracellu-
arly and extracellularly, in the inflammatory loci through the produc-
ion of nitric oxide and other intermediates ( Malysheva et al., 2006 ). 

In the second case, after exposure to cytokines such as IL-4, IL-10,
r IL-13, macrophages produce polyamines and proline, which induce
roliferation, collagen production, and repairs ( Classen et al., 2009 ).
rogesterone has ability to selectively inhibit and augment the alterna-
ive macrophage activation ( Menzies et al., 2011 ). 

. Conclusion 

To conclude, progesterone has multifaceted functions. It could con-
ribute by: antiviral activity on SARS-CoV-2, interference with the bind-
ng of SARS-CoV-2 to ACE2, recovery from pathogenesis, reduction in
iral load, immune regulation, and hastened recovery from COVID-19.
rogesterone could play a therapeutic regulatory role in the events of
mmune dysregulation and its related severe inflammatory morbidity in
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Table 2 

Progesterone: a therapeutic regulator for the immune dysregulation and sys- 
temic damages in COVID-19. 

COVID-19 Progesterone 

Cytokine storm Regulates T cells, NK cells, dendritic cells, B cells and 
medicinal signaling cells. 
Regulates cytokine levels and leukocyte trafficking, 
reduces CRP levels. 
Is an anti-inflammatory and anti-edema agent. 

Renin-angiotensin 
system 

Aldosterone antagonist, diuretic, therapeutic for 
kidney functions. 

Cardiovascular system Reduces pericardial effusion, therapeutic for 
hypertension and heart failure. 

Lung injuries Increases amphiregulin production and lung repairs. 
Nervous system Neurosteroid and neuromodulator, with 

neuroprotective & neurogenic properties. 
Debris accumulation Enhances neutrophil chemotaxis and phagocytosis. 
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OVID-19 ( Table 2 ). Part 2 of the present research evaluates the regula-
ory role of progesterone with respect to immunity patterns and severity
f COVID-19. The present study indicates for future observational, clin-
cal and pharmaceutical studies. 
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