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a b s t r a c t 

Severely ill COVID–19 (Corona Virus Disease of 2019) patients have a hyperinflammatory condition with a high 
concentration of pro-inflammatory cytokines termed the cytokine storm. This milieu is reported to cause acute 
lung injury, oxygen deprivation, multiorgan damage, critical illness, and often death. Post SARS–CoV–2 (Severe 
Acute Respiratory Syndrome Coronavirus 2) infection, the fight between the invading virus and the host’s immune 
system would either terminate in recovery, with eradication of the infection and regulation of the immune system; 
or there would be a continuation of immune attacks even after the virus has been cleared, leading to immune 
dysregulation and disease. This outcome is chiefly dependent on two factors: (1) the patient’s immune response, 
and (2) sufficiency plus efficiency of the regulator(s). Concerning the first, the present research introduces a 
framework based on different types of immune responses to SARS–CoV–2 along with known disease examples, 
and how this relates to varying clinical outcomes and treatment needs for COVID–19 patients. About the second 
factor of ‘regulator(s)’, part 1 of the manuscript described in depth the regulatory role of progesterone in COVID–
19. The present study investigates five immunity patterns and the status of the regulatory hormone progesterone 
with respect to the two established demographic risk factors for COVID–19 high-severity: male sex, and old age. 
The study evaluates the status of progesterone as a credible determinant of immune regulation and dysregulation. 
It duly relates the immunity patterns to clinical outcomes and evinces indications for clinical use of progesterone 
in COVID–19. It proposes a clear answer to the question: "why are males and old patients most likely to have 
critical illness due to COVID–19?" The study highlights clinical domains for the use of progesterone in COVID–
19. Part 2 of this research introduces the concept of immunity patterns and immunity grading. These concepts 
herewith provided for the clinical course of COVID–19 also apply to other hyperinflammatory conditions. Possible 
clinical applications of progesterone to treat critically ill COVID–19 patients will open an avenue for hormonal 
treatments of infections and other immune-related diseases. 
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. Introduction 

COVID-19 is an infectious disease characterized by varied scale,
ype and duration of adaptive immune responses to the SARS-CoV-2.
he immune system is a chief determinant of pathogenesis due to
ARS–CoV–2 infection. When SARS-CoV-2 bypasses innate immune
efenses, the adaptive immune system gets activated. It has two
ubdivisions: cell–mediated immunity T helper (Th) cells type 1 (Th1)
nd humoral immunity T helper (Th) cells type 2 (Th2). Cell-mediated
mmune responses involve destruction of SARS-CoV-2 infected cells by
ytotoxic T cells and destruction of intracellular pathogens by Th1 cells.
h1 cells release pro-inflammatory cytokines inducing intracellular
illing of SARS-CoV-2. Th1 cells also contribute to humoral immunity
y inducing the production of opsonizing antibodies. Th2 cells initiate
he humoral response by activating naive B cells to secrete IgM and
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nduces the production of other antibody isotypes. These specific anti-
odies help with opsonization, activation of the complement pathway,
nd phagocytosis of the SARS-CoV-2. Th2 cells resolve cell-mediated
nflammation by secreting anti-inflammatory cytokines and regulating
he Th1. Th1 and Th2 regulation are important for clearing SARS-CoV-2
nfection and recovery from COVID-19 ( Berger, 2000 ). A SARS-CoV-2
nfected individual’s ability to achieve this regulation depends on three
actors: viral load, immunity, and regulatory mechanisms. Part 1 of the
anuscript is about the regulatory functions of progesterone. This part
 investigates the role of individual immunity in COVID-19. 

. Methods 

The present concept-based theoretical investigative research work
as carried out in the city of Mumbai, Maharashtra, India from April 1,
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020 to December 31, 2020 based on the following stepwise methodol-
gy protocol. 

The foundation of present research is the concept of immunity pat-
erns. Different types of immunity patterns are outlined. This is followed
y the presentation of disease conditions which are clinically well estab-
ished examples representing each of the five different immunity pat-
erns. This is followed up by establishing the roles of these immunity
atterns for COVID-19 outcomes. The clinically supported concept of the
mmunity patterns and status of the regulator progesterone was evalu-
ted in the COVID-19 high severity and low severity groups. To this end,
he immunity grading method was established and introduced to inves-
igate and explain the varying severity of COVID-19 in different age-sex
roups. 

Formative research questions based theoretical investigations were
arried out to find other biological factors that could affect progesterone
evels and immunity patterns. This was a widely open question. The
rst step was to research for parameters that relate to high mortality

n COVID-19; followed by evaluation of these parameters with respect
o cell mediated immunity and progesterone. For example, one such
arameter found was Vitamin D. For this factor research questions were
1) does Vitamin D relate to cell-mediated immunity? (2) does vitamin
 relate to progesterone? (3) is there a connection among vitamin D, cell
ediated immunity and progesterone? (4) what would be the outcome

f these factors on immunity grading? Similarly the effect of other high
isk factors on COVID-19 outcomes was probed, attending to severity
arameters irrespective of age or sex. Enlisting of these factors was done
o provide a detailed checklist of severity parameters for COVID-19. All
llustrations and tables are originally prepared. 

. Results And Discussion 

.1. (A) Immunity patterns 

In vivo, broadly there are three possible scenarios when cross-
egulation of cell-mediated and humoral immunity is active after chal-
enge by an infectious agent: (1) Th1 and Th2 in balance, (2) low Th1
ith raised Th2, and (3) raised Th1 with low Th2. When cross-regulation
f cell-mediated and humoral immunity is inactive, one more immunity
attern is possible (4) raised Th1 and raised Th2 ( Fig. 1 ). A fifth immu-
ity pattern is immunodeficiency or immunosuppression. At the time of
nfection an individual may have any one of these immunity patterns
o varying extents. The symptoms of disease depend on the kind of in-
ection and replication of the infectious agent and the immune response
attern. Immune responses to SARS–CoV–2 are different in patients with
evere and non–severe course ( Shi et al., 2020 ). 

.1.1. Immunity pattern 1: Th1 and Th2 in balance 

Th1/Th2 cells in a balanced state ( Fig. 1 A) mount a moderate im-
une response taking moderate time for incubation as well as Th1/Th2
omeostasis. The incubation period is defined as the time between expo-
ure to the pathogen and onset of signs and/or symptoms of clinically
pparent disease. Asymptomatic patients have lower viral load ( Zhou
t al., 2020 ). COVID–19 patients with balanced Th1/Th2 typically are
symptomatic or present with mild symptoms depending on the viral
oad ( Chan et al., 2021 ). 

.1.2. Immunity pattern 2: Th1 low with Th2 high 

Low Th1 with raised Th2 ( Fig. 1 B) is a suboptimal immunity status
or killing the intracellular virus; and the clinical outcome of SARS–
oV–2 infection would depend on whether the patient’s immune sys-
em is competent or impaired. In patients with lasting impairment of
h1 immunity post–infection, it would lead to an inability to clear the

nfection, the possibility of viral reactivations, and secondary infections
ecause cell-mediated immunity is crucial for attacking the intracellular
nfection and more specifically for killing virus-infected cells ( Jiang et
l., 2020 ). 
2 
With respect to SARS–CoV–2, Jiang et al. ( Amodio et al., 2020 ) and
modio et al. ( Fishman and Perelson, 1999 ) both noted that a longer in-
ubation time may lead to a high rate of asymptomatic and sub–clinical
nfection among immunocompetent individuals. In immunocompetent
atients, depending on the rising viral load and parallel induction of
h1 immunity, the patient may exhibit symptoms ranging from none
o mild or moderate, as the infection and hence the disease progresses
ver a long incubation period. Depending upon the viral load, patients
ho initially had a low Th1 response could mount a stronger cell-
ediated immune response later and more slowly. Interestingly, their

tart with low Th1 and high Th2 is an advantage, with better prospects
or Th1/Th2 homeostasis. This is because when Th1 is initially low and
hen increases, Th2 which is initially high gets cross-regulated ( Xue et
l., 2019 ). After the rise of cell-mediated Th1 immunity, when the in-
ection gets defeated and starts to clear, there would be the need for
umoral Th2 immunity and regulatory mechanisms to normalize the
levated Th1 response. Thus higher Th2 humoral immunity initially,
opped up with post-infection specific humoral immunity, is beneficial
or recovery in COVID-19 patients with intact cross-regulation. 

Disease example: Atopic diseases have Th2 predominance ( Akdis et
l., 2003 ). Lower ACE2 expression in the nasal epithelial cells of asthma
nd allergic rhinitis patients is reported as compared to healthy individ-
als ( Kimura et al., 2020 ). A large, 2–site cohort study of patients posi-
ive for COVID–19 confirmed that atopy is significantly associated with
ess severe COVID–19 outcomes. It reports that the presence of atopy
ould be predictive of a decreased need for hospitalization for COVID–
9 ( Keswani et al., 2020 ). Atopic status protects against the most severe,
ften fatal consequences of SARS ‐CoV ‐2 infection. The protective effect
f atopic status against severe lung disease has been found to be evident
hroughout all age subsets in a mixed study group of atopic females and
ales ( Scala et al., 2020 ). 

.1.3. Immunity pattern 3. Th1 high with Th2 low 

It has been proposed that an exception to the inverse relationship
etween incubation period and severity of the disease is unlikely for
ARS–CoV–2 ( Kaslow, 2020 ). An inverse correlation between the length
f the incubation period and the severity of the disease is reported for
ther coronaviruses ( Virlogeux et al., 2015 ). Th1 dominance ( Fig. 1 C)
ontributes to the excessive inflammatory response and cytokine storm
ith tissue damage and organ injury along with the production of loads
f debris from this protective yet destructive immune attack ( Guihot et
l., 2020 ). Further, SARS–CoV–2 acts on T cells with its superantigen
 Cheng et al., 2020 ). Compared to a normal antigen-induced T-cell re-
ponse where 0.0001–0.001% of the body’s T-cells are activated, these
uperantigens are capable of activating up to 20% of the body’s T-cells
 Li et al., 1999 ). Activation of large numbers of T cells induced by the
ARS–CoV–2 superantigens adds to the host–Th1 dominance ( Yomogida
t al., 2013 ), and results in a massive release of cytokines and uncon-
rolled tissue damage, organ injury, and toxic shock ( Faulkner et al.,
005 ). 

In this situation the immune system, which had elevated Th1 prior
o the infection, gets its Th1 manifold raised even more while respond-
ng to the SARS–CoV–2 infection. This accelerates and magnifies the
ytokine storm and is considered the root cause of pathogenic inflam-
ation in COVID–19 ( Ouyang et al., 2020 , Qin et al., 2020 , Sun et al.,
020 ). These patients would have severe symptoms with a short incu-
ation period either from the time of exposure to the virus or from the
ime of noticing the first symptoms. Plus, they would take a long time
o achieve Th1/Th2 homeostasis post infection as Th1, which was al-
eady raised, is further amplified and so there will be poor and delayed
ross-regulation of Th2. Hence, if patients with raised Th1 immunity
et infected by SARS–CoV–2, they would be at risk of suffering critical
OVID–19 illness. In some of these patients uncontrolled Th1 immune
ysregulation may deteriorate their condition rapidly and prove fatal
 Cron, 2020 ). 
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Fig. 1. Schematic illustration: Immunity patterns. 
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Disease example: Favalli EG et al ( Favalli et al., 2020 ) describes
OVID–19 and rheumatoid arthritis as two very different diseases
hich are nevertheless very close. This is because their pathogen-
sis shares excessive and self–damaging Th1 and Th17 cytokine
ecreting immune responses. When these two diseases meet, there is
 further enhancement of cytokine secretions, inflammation and organ
njuries. Patients with rheumatic disease and COVID–19 infection are re-
orted to be more likely to require mechanical ventilation ( D’Silva et al.,
020 ). It is for this similarity in pathophysiology that anti–inflammatory
reatments, mostly used in rheumatology, are considered for COVID–19
 Haberman et al., 2020 ). 

.1.4. Verification of mutually reciprocal Th1/Th2 paradigm 

Remarkably, the occurrence of rheumatoid arthritis in atopic pa-
ients is found to reduce the atopy symptoms by 40 to 50% affirming
hat regulation of Th1 and Th2 cells strongly influences the inflamma-
ory responses and disease outcome ( vanRoon and Bijlsma, 2002 ). The
bservations about the above discussed two diseases, rheumatoid arthri-
is (Th1 predominance) and atopy (Th2 predominance), verify the above
oncept of immunity patterns for COVID–19. Further, infections are a
3 
ommon comorbidity in long-term atopic dermatitis ( Bekic et al., 2020 ).
atients suffering from chronic atopic dermatitis show increase in Th1.
h1/Th2 balance can vary during the chronic phase of atopic dermatitis
 Su et al., 2017 ). 

.1.5. Immunity pattern 4: Th1 high with Th2 high 

When the immune regulatory mechanisms fail, cell-mediated and
umoral immunity do not cross-regulate each other effectively, result-
ng in immune disruption with both Th1 and Th2 being high ( Fig. 1 D)
 Crimeen-Irwin et al., 2005 ). Earlier in this section, based on the im-
unity pattern concept for immunity pattern 2 (Th1 low and Th2 high)

nd immunity pattern 3 (Th1 high and Th2 low), the benefits of high
h2 and the risks of high Th1 for COVID-19 are explained in detail. In

mmunity pattern 4 with Th1 as well as Th2 high, the risk of high Th1
s applicable although Th2 is also raised due to pre-existing failure of
ross-regulation. Patients with this immunity pattern are most likely to
resent severe symptoms with a short incubation period either from the
ime of exposure to the virus or from the time of noticing the first symp-
oms. Plus, they would take a long time to achieve Th1/Th2 homeosta-
is post infection as Th1, which was already raised, is further amplified
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lus immune regulation and cross-regulation by Th2 both are unavail-
ble. Hence, patients with immunity pattern 4 could get more critically
ll than those with immunity pattern 3. In these patients, in absence
f timely intervention with immune regulatory therapy, uncontrolled
h1 immune dysregulation may deteriorate their condition rapidly and
rove fatal ( Cron, 2020 ). 

Disease example: Metabolic syndrome is a cluster of metabolic ab-
ormalities associated with obesity, insulin resistance, dyslipidemia,
nd hypertension in which inflammation plays an important role. There
s upregulation of both Th1 and Th2 cytokines in metabolic syndrome
 Surendar et al., 2011 ). Patients with metabolic disorders like obe-
ity, diabetes, cardiovascular and liver disease may face a higher risk
f SARS-CoV-2 infection and COVID-19. These disorders greatly affect
he course and prognosis of COVID-19 and are associated with signifi-
antly worse COVID-19 outcomes ( Costa et al., 2020 ). A meta-analysis
f main predictors of COVID-19 associated mortality rate in hospital-
zed patients found that diabetes mellitus is the best predictor of mor-
ality rate in an age- and sex-dependent manner ( Corona et al., 2021 ).
etabolic stress can cause pathologic activation of the immune system.
herefore, metabolic disorders including diabetes mellitus can manifest
nd progress as an inflammatory disorder, with inflammation producing
evere consequences ( Hameed et al., 2015 ). SARS-CoV-2 induced acti-
ation of the immune system could further aggravate these pre-existing
nflammatory conditions. 

.1.6. Immunodeficiencies or immunosuppression 

Immunocompromised patients, including those with inborn errors of
mmunity, may be at increased risk for severe or prolonged infections
ith SARS-CoV-2 ( Kinoshita et al., 2021 ). 

Cancer and organ transplant patients are immunocompromised
hiefly due to treatment. Compared to the general population, adult
ancer and organ transplant patients with COVID-19 are found to suf-
er higher comorbidities, have higher levels of inflammatory markers
t diagnosis, and higher rates of intensive care and hospital mortality
 Belsky et al., 2021 ). 

Inborn errors of immunity are genetic disorders with broad clini-
al manifestations, ranging from increased susceptibility to infections
o significant immune dysregulation ( Delmonte et al., 2019 ). Primary
mmunodeficiency disorder (PID) refers to a large heterogeneous group
f disorders that result from defects in immune system development
nd/or function. PIDs are broadly classified as disorders of adaptive im-
unity (i.e., T cell, B-cell or combined immunodeficiencies) or of in-
ate immunity (e.g., phagocyte and complement disorders). Although
he clinical manifestations of PIDs are highly variable, many disorders
nvolve an increased susceptibility to infection. ( McCusker et al., 2018 ).

Young patients with primary immunodeficiency have a prevalence
f Th2 but as they get older, due to alarmins, this balance can change
o Th1 prevalence ( Joshua, 2020 , Yang et al., 2017 ). Compared to the
eneral population, adult patients with PID and symptomatic secondary
mmunodeficiency display grater morbidity and mortality from COVID-
9 ( Shields et al., 2021 ). 

Here it is important to mention that some orphan hereditary diseases
resent immunodeficiencies and hormone deregulation. For example,
eta thalassemias are a group of hereditary blood disorders character-
zed by anomalies in the synthesis of the beta chains of hemoglobin
esulting in variable phenotypes ranging from severe anemia to clini-
ally asymptomatic individuals. Total annual incidence of symptomatic
ndividuals is estimated at 1 in 100,000 throughout the world and 1
n 10,000 people in the European Union ( Galanello and Origa, 2010 ).
mmune competence is affected in beta-thalassemia and involves numer-
us quantitative and functional defects, involving T and B lymphocytes,
mmunoglobulin production, neutrophils and macrophages, chemotaxis
nd phagocytosis, as well as the complement system ( Farmakis et al.,
003 ). Iron excess may derange the immune balance in favor of the
rowth of infectious organism and the accumulation of iron in different
rgans leads to different clinical complications of iron overload. The
4 
nterior pituitary is particularly sensitive to iron overload which
isrupts hormonal secretion resulting in hypogonadism ( Toumba et al.,
007 ). 

In part 1 of the manuscript the regulatory role of progesterone for
OVID–19 was corroborated. To further substantiate applicability of
oth these parameters, immunity patterns and progesterone, it will be
ppropriate to appraise their status for the established COVID–19 high-
everity groups. 

.2. (B) Immunity patterns and progesterone status in COVID–19 high 

everity groups 

Two established high severity groups for COVID–19 are old age and
ale sex. Based on these two factors, it would be pertinent to explore (I)
ffects of old age on the regulator progesterone, (II) Effects of old age on
he immunity patterns, (III) Sex and levels of the regulator progesterone,
IV) Sex, immunity patterns and old age, and (V) Comprehensive pre-
entation and immunity grading of the four age–sex groups: old males,
oung males, old females and young females, with respect to immunity
atterns, status of the regulator progesterone, and different COVID–19
everity. 

.2.1. (I) Effect of old age on the regulator progesterone 

Progesterone decreases significantly with age in both men and
omen ( Genazzani et al., 1998 ). Ageing, hormones and immunity are

nterconnected ( Horstman et al., 2012 ). 

.2.2. (II) Effect of old age on the immunity patterns 

The respiratory system undergoes various hormonal, anatomical,
hysiological and immunological changes with age. Reduced levels of
rogesterone and estrogen could cause decreased muscular strength, de-
reased relaxation of bronchial smooth muscle, and increased compres-
ion of thoracic spine due to osteoporosis ( Memoalia J Anjum et al.,
018 ). Age significantly determines the clinical features and prognosis
f COVID–19. Elderly patients with COVID–19 are found to be more
ikely to progress to severe disease. Acute respiratory distress as graded
y the Pneumonia Severity Index is higher in elderly than in young and
iddle-aged COVID–19 patients. Prognosis is worse in patients older

han 60 years. Hospitalization, ICU admissions, and death increase with
ge. Mortality is higher in elderly than in young and middle–aged pa-
ients ( Liu et al., 2020 , Liu et al., 2020 , Koff and Williams, 2020 , CDC
OVID-19 response team 2020 ). 

There are three main findings about effects of ageing on the T-cells.

1) Immunosenescence: 

Immunosenescence refers to the gradual deterioration of the immune
ystem brought on by advancing age ( Pangrazzi and Weinberger, 2020 ).
errando–Martínez S et al ( Ferrando–Martínez et al., 2011 ) reported
hat an important cause of elderly impaired responses to newly encoun-
ered pathogens is an age–related deregulation of T cell homeostasis and
ccumulation of age-associated defects in naive T cells. 

2) Defects in antiviral T cell responses and T cell regulation: 

MicroRNAs are single–stranded RNAs which are differentially ex-
ressed in viral acute respiratory infections and they can be responsible
or high morbidity and mortality due to such infections ( Leon-Icaza et
l., 2019 ). In old age, there is reduced microRNA–181a expression in
 cells, which contributes to defective anti-viral T cell responses; and
here is increased production of microRNA–21 which favors Th1 effec-
or cell generation ( Kim et al., 2019 ). Holcar M et al ( Holcar et al.,
015 ) have demonstrated a decrease in the percentage of total Tregula-
or cells and an increase in the percentage of total Teffector cells with
ge, and a consequent immense increase in the Teffector/Tregulator
atio. 
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3) Increase in Th1: 

Aging is associated with increases in levels of circulating cytokines
nd pro-inflammatory markers; this phenomenon is called "inflamm–
ging" ( Michaud et al., 2013 ). The microenvironment in which T helper
ells develop in older people may cause production of more cells com-
itted to Th1 type cells than that in younger subjects. On analysis of

he effect of ageing on the responsiveness of human T helper cells to
olyclonal stimuli, Sakata–Kaneko S et al ( Sakata–Kaneko et al., 2000 )
iscovered that at the time of antigenic stimulation with subsequent in-
uction of lymphokine secretion and cell adhesion molecule expression,
he T helper subset in the peripheral blood of aged individuals is found
o contain a greater proportion of cells committed to Th1 type cells than
hat from young individuals ( Sakata–Kaneko et al., 2000 ). These T cell
elated changes could contribute to dysregulated and damaging immune
esponses to SARS–CoV–2 in the elderly. 

.2.3. (III) Sex and levels of the regulator progesterone 

Men have lower levels of progesterone than women. Young men have
ower levels of progesterone than young premenopausal women. This
ow level further decreases with age. Zumoff et al ( Zumoff et al., 1990 )
eported a serum progesterone (0.18 + 0.03 ng/mL) in healthy men aged
7–51 years that is approximately one–fourth of the serum proges-
erone levels demonstrated by Muneyyirci–Delale et al ( Muneyyirci–
elale et al., 1999 ) in healthy young men aged 24–35 years (0.78 + 0.28
g/mL).The latter was similar to levels in young women aged 24–35
ears in the follicular phase of the menstrual cycle (0.68 + 0.34 ng/mL)
ut was a fraction of these young women’s in the mid-luteal phase of
he menstrual cycle (reference range 12-32ng/mL) ( Wood et al., 1985 ).
he reference range for progesterone levels in adult men is 0.13–0.97
g/mL ( Burtis and Ashwood, 1999 ), which clearly encompasses the lev-
ls found in both groups of men. After menopause, progesterone dimin-
shes to about 0.26 + 0.18ng/mL ( Michaud et al., 2013 ). Declining sex
ormones in both men (andropause) and women (menopause) are asso-
iated with dysregulation of the immune system ( Gomez et al., 2019 ). 

.2.4. (IV) Sex, immunity patterns and old age 

While the age-related fundaments about raised Th1 and low pro-
esterone are valid for both men and women, COVID–19 do not affect
hem equally. Male patients have higher COVID–19 mortality than fe-
ales ( Jin et al., 2020 ). Data collated by Global Health 50/50 shows

hat in the vast majority of countries where data is available, men are
onsistently dying at a higher rate than women ( Global Health 50/50
he sex 2020 ). In a mega study involving a large number of critically
ll COVID–19 patients admitted to ICUs of 72 Italian hospitals, the ma-
ority were older men. A large proportion of them required mechanical
entilation and high levels of positive end expiratory pressure, and ICU
ortality was 26% ( Grasselli et al., 2020 ). The difference in the death

ate by COVID–19 between women and men decreases with age, but
he death rate remains lower in females than in males. Setting men’s
OVID-19 death rate equal to 100%, women’s death rate is only 27.8%
 − 72.2%) at ages 2 to 59 years, and 50.6% ( − 49.4%) at ages 60 to 89
ears ( Cagnacci and Xholli, 2020 ). 

Changes in sex steroids impact regulation of the Th1 and Th2 im-
une responses in old age, with implications for severe and fatal out-

omes of infections ( Hall and Klein, 2017 ). It is found that women
resent strongerTh2 immunity ( Desai and Brinton, 2019 ) and men have
tronger Th1 immunity ( Abdullah et al., 2012 ). In healthy men and
omen, the polarization of immune response into Th1/Th2 cytokines
r T helper cell subsets is flexible. The ratio of these cells swiftly varies
ccording to physiological demands and clinical conditions. Aging is as-
ociated with a loss of this flexibility due to alterations in the levels of sex
ormones ( Ardia et al., 2011 ). Yet even though both sexes have declin-
ng sex hormones with ageing and increase in Th1 immunity, men and
omen have different COVID–19 outcomes. This is chiefly because in-

reases of Th1 due to ageing, immunosenescence and hormonal changes
5 
o not affect the Th2 mediated humoral immune response. Tajima K
t al. ( Tajima et al., 2011 ) have proved that the levels of Th1–type cy-
okines in the bronchoalveolar lavage fluid of ovariectomized rats were
ignificantly higher than those in sham rats, while the levels of Th2–type
ytokines in both bronchoalveolar lavage fluid and serum were compa-
able between ovariectomized and sham rats. 

These findings suggest that in the aged, though the immune re-
ponses would be in a Th1–polarized manner while levels of sex hor-
ones are declining, the basic humoral immune status is unchanged.
his is more favorable for aged women than men suffering from COVID–
9 because women, in general, have Th2 predominance which remains
naffected; while men, in general, have low Th2 which also remains
nchanged. In consequence, aged women have higher Th2 than aged
en. When equal numbers of severe COVID–19 female patients (aver-

ge age 63.1 years) and severe COVID–19 male patients (average age
9.4 years) were analyzed for the concentration of serum SARS–CoV–2
gG antibodies, the female patients had higher concentrations of serum
ARS–CoV–2 IgG antibody than the male patients. This indicates that
ven after the age-related immunosenescence and increase in Th1, old-
omen have better humoral immunity than old men to SARS–CoV–2
 Zeng et al., 2020 ). Thus, despite similar age-related changes with in-
reased Th1 and low progesterone in both males and females, the gen-
ral difference in Th1 and Th2 predominance means that chances of
ecovery from COVID–19 are higher in elderly women than in elderly
en due to their stronger humoral immunity and antibody production.
his is also evident from the better efficacy of vaccines in older women
han in older men. For example, when vaccine efficacy against influenza
as measured using the hemagglutination inhibition assay, the antibody

esponse titers were higher in women than in men at all ages. The higher
ntibody titers of older women were found to be associated with lower
ospitalization and mortality rates compared to aged men ( Aurwein–
eissl et al., 2002 , Cook, 2008 ). 

.2.5. (V) Comprehensive presentation of the age–sex groups with the 

mmunity patterns, the regulator progesterone, immunity grading and 

ifferent COVID–19 severity 

COVID–19 severity and mortality, from highest to lowest, are graded
y age and sex as indicated in Table I: Old men > Old women > Young
en > Young women. 

Old males: In aged men infected with SARS–CoV–2, there would be
hree stages of Th1 escalation: (1) Generally pre-existing Th1 predomi-
ance in men (2) Rise in Th1 due to ageing with no cross-regulation of
h2 due to Immunosenescence and hence, the low Th2 status continues
 Fig. 2 ), and (3) Activation of the cell-mediated Th1 immune response
o SARS–CoV–2 infection ( Table 1 ). This excessive Th1 activity with low
h2 would cause cytokine storm, tissue injury, organ damage, and se-
ere disease with poor outcomes. It may prove fatal due to low levels
f the regulator progesterone (inadequate regulatory actions), low Th2
poor humoral immunity), and uncontrolled immune dysregulation. 

Old females: Like old males, in old females too there would be age-
elated Th1 increase, but since in general women have Th2 orientation,
here are only two stages of Th1 escalation in COVID–19 suffering older
omen: (1) Rise in Th1 immunity due to ageing, and (2) Activation
f the cell-mediated Th1 immune response to SARS–CoV–2 infection
 Table 1 ). This can lead to excessive Th1 activity with cytokine storm,
issue injury, organ damage, and severe disease. Menopause is an
ndependent risk factor for female COVID–19 patients ( Ding et al.,
020 ). Even though at higher risk of immune dysregulation than
ounger women, aged postmenopausal COVID–19 women with low
rogesterone levels are presenting with less critical illness and are
ying less of COVID–19 than equally old COVID–19 male patients.
his is due to their lower baseline activity of Th1 than in the aged
OVID–19 male patients, and higher Th2 humoral immunity, which
eutralizes extracellular virus particles, thereby lessening the stimula-
ion of Th1 cell-mediated immunity. Like old men, old women too have
ow progesterone levels and rise in Th1 due to ageing with missing
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Fig. 2. Effect of old age and immunosenescence on female and male T helper cell immunity. 

Table 1 

Age–Sex groups, Stages of Th1 escalation, Progesterone levels and COVID–19 severity. 

Age–Sex Group 

Generally Predominant 

T-cell Immunity 

Old Age T-cell 

Immunosenes- 

cence 

SARS–CoV–2 

Infection & 

T-cell 

Activation 

Sum of Th1 

Escalation 

Stages 

Progesterone 

Levels Hierarchy 

COVID–19 

Severity 

Hierarchy 

Young females Th2 – Th1 One High Low 

Young Male s Th1 – Th1 Two Low High 
Old females Th2 Th1 Th1 Two Lower Higher 
Old Males Th1 Th1 Th1 Three Lowest Highest 
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h  
ross-regulation of Th2. Hence, Th2 is unaffected and continues to be
igh ( Fig. 2 ). Their risk of severe illness and mortality is lower than old
en but higher than that of young males. They both have two stages

f Th1 escalation, but young men have higher progesterone than aged
ostmenopausal women ( Zumoff et al., 1990 , Muneyyirci–Delale et al.,
999 ). 

Young males: In young men infected with SARS–CoV–2, the rise in
h1 due to old age is not there. Hence, there would be two stages of
h1 escalation: (1) Generally preexisting Th1 predomination in men and
2) Activation of cell-mediated Th1 immune response to SARS–CoV–
 infection. The young males have less severity and mortality due to
OVID–19 than old males ( Table 1 ). Their progesterone levels are low
ut higher than those of aged men ( Zumoff et al., 1990 , Muneyyirci–
elale et al., 1999 ); and they have one less stage of Th1 escalation.
6 
lthough as explained further the young males have higher severity than
oung females. 

Young females: In young females infected with SARS–CoV–2, gener-
lly there is Th2 predominance and the rise in Th1 due to old age is not
here. Hence, there would be only one stage of Th1 escalation: which
s activation of the cell-mediated Th1 immune response to SARS–CoV–2
nfection ( Table 1 ). Plus, they also have higher levels of the regulator
rogesterone, and theoretically optimum chances of immune regulation.
nitially there would be cross-regulation of Th2 followed by develop-
ent of specific humoral immunity, immune homeostasis, and recov-

ry. Thus young females have less severe illness than the other age-sex
ombinations. 

The above evidence about low progesterone and raised Th1 in the
igh-severity groups substantiates and confirms applicability of the con-
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Fig. 3. Schematic illustration. SARS–CoV–2 infection in a patient with high Th1 and low progesterone link to severe COVID-19. 

Table IIA 

Factors affecting Progesterone and Th1. 

Factor Finding Directly affects 

Reported 

mortality 

Age Old Progesterone 
and Th1 

High 

Sex Male Progesterone 
and Th1 

High 

Hypoxia Critical Progesterone High 
Cholesterol Low Progesterone High 
Vitamin D Low Th1 

More if 
Progesterone is 
low 

High 

Comorbidities Th1 
comorbidities 

Th1 High 

Reproductive 

status/ 

surgeries 

Menopause or 
gonadectomy 

Progesterone 
and Th1 

High 

c
1  

c  

(

3

 

d  

a  

i  

t  

1  

f

Table IIB 

Check-list of factors for patients to predict likely severity with a model ex- 
ample. 

Factor Parameter Status Severity Score 

Age Old Yes 1 
Sex Male No 0 
Hypoxia Critical No 0 
Cholesterol Low Yes 1 
Vitamin D Low Yes 1 
Comorbidities Th1 

comorbidities 
Yes 1 

Hypertension No 0 
Cardiac disease No 0 
Kidney disease Yes 1 

Reproductive 

status/ 

surgeries 

Menopause or 
Gonadectomy 

Yes 1 

Total Score 6 

Score: Yes for any parameter = 1 
Score: No for any parameter = 0 
Interpretation: Higher the total score higher the possibility of COVID-19 
severity. 
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ept of immunity patterns and their regulator progesterone for COVID–
9. The evidence indicates that high Th1 with decreased progesterone
ould lead to severe COVID–19 outcomes, and high risk of mortality
 Fig. 3 ). 

.3. (C) Factors related to progesterone and cell-mediated immunity 

While old age and male sex are the chief known risk factors for severe
isease, there are other factors affecting progesterone and cell medi-
ted immunity and hence immune regulation, and COVID–19 outcomes
rrespective of age and sex. Table IIA enlists the factors affecting proges-
erone and/or cell-mediated immunity along with their reported COVID-
9 mortality. Table IIB suggests the same list of factors as a check-list
or possible risk of severity in COVID-19 patients. 
7 
.3.1. Oxidative stress 

Oxidative stress is associated with changes found in COVID–19 pa-
ients. It participates in the cytokine storm, coagulopathy, and cell hy-
oxia ( Cecchini and Cecchini, 2020 ). Hypoxia results in decreased ATP
ynthesis and increased formation of reactive oxygen species while de-
reasing the activity of the normal cellular antioxidant system. The
esulting oxidative stress initiates apoptosis, which contributes signifi-
antly to cell death observed in hypoxia ( Wheaton and Chandel, 2011 ).
rogesterone levels decrease in response to oxidative stress ( Hayashi et
l., 2003 ). Various mechanisms, including the decline of sex hormones,
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T  
ink oxidative stress with ageing ( Vitale et al., 2013 ). One of them is
hat the alveolar dead space increases with age, reducing arterial oxy-
en without impairing carbon dioxide elimination. Older adults have a
iminished ventilatory response to hypoxia and hypercapnia ( Sharma
nd Goodwin, 2006 ). 

.3.2. Cholesterol 

Progesterone is produced from cholesterol. Cytochrome P450 con-
erts cholesterol into pregnenolone, which gets further converted into
rogesterone. Hence low cholesterol would directly relate to low proges-
erone ( Hu et al., 2010 ). Low cholesterol levels are associated with more
evere disease in patients infected with SARS–CoV–2 ( Peng et al., 2021 ).
econdly, hypoxia, which is common in COVID–19, decreases proges-
erone synthesis from cholesterol by attenuating cytochrome P450 pro-
uction ( Kuru et al., 2018 , Nishimura et al., 2006 ). 

.3.3. Vitamin D 

The two hormones progesterone and vitamin D cooperate with each
ther for sequential and effective regulation of the immune system. Vi-
amin D plays an important role in modulating the immune response
o infections. There is an established association between vitamin D de-
ciency and an increased risk for infections, and vitamin deficiency is
ssociated with poorer outcomes from infectious diseases ( Watkins et
l., 2015 ). Jain A et al ( Jain et al., 2020 ) have measured vitamin D
evels in patients suffering from COVID-19. They found that vitamin D
evel is markedly low in severe COVID-19 patients. They have also noted
hat serum levels of inflammatory markers are high in vitamin D defi-
ient COVID-19 patients. Raharusun P et al ( Raharusun et al., 2020 )
ave reported that COVID–19 patients with vitamin D deficiency have
n increased risk of mortality. This research concluded that a majority
f the COVID–19 cases with insufficient and deficient vitamin D sta-
us died and the odds of death were highest in older male cases with a
re–existing condition and below-normal vitamin D level recorded and
easured prior to COVID-19. Entrenas CM et al ( Entrenas Castillo et al.,
020 ) reported that early vitamin D treatment of hospitalized COVID-19
atients significantly reduced severity of COVId-19 and intensive care
nit admissions. 

Connecting to the present study, both the immunity pattern con-
ept and progesterone regulation can explain these associations of mor-
ality with male sex and vitamin D deficiency. Thangamani S et al
 Thangamani et al., 2015 ) have concluded that the progesterone and
itamin D nuclear hormone receptor ligands play important roles in reg-
lating T cells. Progesterone is an inducer of the vitamin D receptor in
 cells. This makes T cells highly sensitive to calcitriol, the active form
f vitamin D. Increased expression of vitamin D receptors induced by
rogesterone allows highly sensitive regulation of T cells by vitamin D
ven when the vitamin D level is suboptimal. This regulatory pathway
nhances the induction of regulatory T cells and suppresses Th1 cells.
his results in effective regulation of T cells and helps to prevent ad-
erse outcomes due to dysregulated immune responses. Males have low
rogesterone levels, and when their vitamin D is also deficient, it esca-
ates the risk of an overshooting Th1 response, which can be described
s the fourth stage of Th1 escalation ( Kim, 2015 ). 

.3.4. Population-based variation 

Average progesterone levels in women vary significantly at the inter–
opulation and intra–population level as a function of age and acute
etabolic energy status related to energy intake, energy expenditure,

r a combination of both. In addition to effects of acute stressors, base-
ine progesterone levels differ among populations. The causes of such
hronic differences are not well understood, but it has been hypothe-
ized that they may result from varying tempos of growth and matu-
ation and, by implication, from diverse environmental conditions en-
ountered during childhood and adolescence ( Núñez–de la et al., 2007 ).
8 
.4. (D) Potential clinical use of progesterone in COVID–19 

Use of progesterone in clinical practice for non-endocrine and non-
ynecological disorders is well established. Progesterone is used in treat-
ent of inflammatory diseases with Th1 dominance. 

Disease example: Rheumatoid arthritis patients suffer from Th1-
riven autoimmune inflammation ( Kosmaczewska et al., 2014 , Schulze–
oops and Kalden, 2001 ). Disease activity of rheumatoid arthritis is
haracteristically regulated by hormones. Women with rheumatoid
rthritis often go into remission during pregnancy ( Szekeres–Bartho et
l., 2001 ), and its outcomes get more severe with reproductive age-
ng. Women suffering from rheumatoid arthritis experience a slower
hysical decline before than after menopause ( Mollard et al., 2018 ).
en older than 50 years suffering from rheumatoid arthritis have about

wice the risk of osteoporosis compared to healthy controls ( Kweon et
l., 2018 ). Rheumatoid arthritis symptoms are related to changes in
enstrual phases ( Latman, 1983 ). Plasma progesterone levels in the

uteal phase are significantly lower in women suffering from rheuma-
oid arthritis than in the control group ( Valentino et al., 1993 ). Proges-
erone is therapeutically used to treat rheumatoid arthritis patients. Pro-
esterone receptors are widespread in human cells including osteoblasts
nd osteoclasts ( Spelsberg et al., 1999 ). Intra-articular administration of
rogesterone reduces inflammation in arthritic joints ( Cuchacovich et
l., 1988 ), repairs cartilage, and regulates remodeling of affected bones
 Wardhana et al., 2013 , Kini and Nandeesh, 2012 ). 

.4.1. Clinical target for COVID–19 

As evident from the detailed research on the regulatory role of pro-
esterone in both parts of this manuscript, progesterone could have
herapeutic clinical applications for SARS–CoV–2 infection and COVID–
9. Ideally,progesterone treatment of COVID–19 patients should be lim-
ted to treatment of the acute illness and recovery, irrespective of the
atient’s baseline plasma/serum levels of progesterone. It needs to be
learly understood that here the aim is to make best therapeutic use of
he biological and regulatory effects of progesterone, and not hormone
eplacement therapy or corrections of hormones which is a different is-
ue as well as a different application of the hormone. 

.4.2. Patient candidacy 

As the majority of mildly or moderately symptomatic COVID–19 pa-
ients recover without complications of immune dysregulation, use of
xogenous progesterone would be chiefly for those COVID–19 patients
aving severe symptoms with rapid worsening and critical illness re-
ated to immune dysregulation. As discussed before, the severely af-
ected patients are highly likely to be low on progesterone with high
h1 immunity, in part due to their sex (males) or their age (aged men
nd postmenopausal women). Ding T et al ( Michaud et al., 2013 ) have
eported that progesterone levels in females with non-severe COVID-19
ymptoms are higher [Median value 0.88 ng/mL (0.43–3.16)] than those
f females with severe symptoms [0.36 ng/mL (0.27–1.45 ng/mL). So,
easuring serum/plasma progesterone levels and Th1 cytokines panel

evels, maybe done but is not mandatory when treatment needs to be
tarted immediately or laboratory investigation cannot be done for lack
f laboratory facilities or lack of time. Besides the patient’s age and
ymptoms of COVID–19, case details about reproductive ageing, LMP
date of last menstrual period) for females, history of hormonal supple-
ents, history of gynecological surgeries and co–morbidities with list

f medications could be helpful. Overexpression of Th1 is more likely
n those with a history of Th1-oriented comorbidity. Other indications
f Th1 deviation include short COVID-19 incubation period from time
f exposure to onset of symptoms; or disease progression after onset of
rst symptoms if the time of exposure to the infection is not known. 

.4.3. Laboratory investigations 

If possible, measurement of serum/plasma progesterone level and
h1 cytokine panel levels will be useful for decision about the dose of
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rogesterone, records, and follow-up. It is important to understand that
hile in routine applications, the pretreatment value of serum/plasma
rogesterone is interpreted with reference to the laboratory’s normal
imits, for COVID–19 severely and critically ill patients the targeted
hysiological reference range would be that of young females in their
id-luteal phase (reference range 12-32 ng/mL) ( Wood et al., 1985 ).

uteal phase is the Th1 regulating phase ( Faas et al., 2000 ). CRP
s a routinely used marker of inflammation and infection in clinical
ractice. Gursoy AY et al ( Gursoy et al., 2015 ) have reported that the
rogesterone rise during the luteal phase might have a subtle effect
n CRP, which is significantly lower in the luteal phase than in the
ollicular phase. Thus, as young premenopausal females suffer the least
everity and mortalityfrom COVID–19, they provide an indication of
he range of progesterone target levels for therapy. It would be ideal to
efer to the normal limits reported by the local laboratory which have
een established for the local population. 

.4.4. Phase of action 

Careful monitoring of symptoms is important. Administration of pro-
esterone would be most promising at an early stage, before the patient
ets critically ill and before immune dysregulation has caused critical
omplications. 

.4.5. Drug 

Physiological data and clinical outcomes demonstrate that bioiden-
ical progesterone is more efficacious than its synthetic and animal-
erived counterparts ( Holtorf, 2009 ). It is important to note that mi-
ronized progesterone and pregnane derivatives are safe with respect to
hrombosis, but not the norpregnane derivatives and Medroxyproges-
erone acetate ( Canonico et al., 2007 ). It is relevant to mention here
hat some synthetic progesterones are found to elevate alpha–1 antit-
ypsin concentrations in the blood. This could be protective as alpha–1
ntitrypsin inhibits the TMPRSS2 involved in binding of SARS–CoV–2
o the host ACE2 ( kishoreN Rizvi et al., 1978 , Wewers et al., 1986 ). 

.4.6. Route and dose 

The route of progesterone administration, dose, and duration of
reatment would be the treating physician’s decision based on the
pecifics of each case. The progesterone effect depends on concentra-
ion as well as infusion mode. It is important to note that “progesterone
as dose dependent effects on hypoxia and neurotransmission, with
ow pulsatile doses having a positive effect whereas continuous and/or
igh doses may have negative effects ( Hichri et al., 2012 , Ramirez and
luzen, 1987 ) ”. Unfer V et al ( Unfer et al., 2006 ) conducted detailed
ork on the use of progesterone in clinical practice and evaluated its

fficacy in diverse indications using different routes of administration.
he distribution and concentration of the hormone in the tissues could
ary depending on the route of administration, affecting therapeutic out-
omes. A single 100mg dose of progesterone was given orally or as intra-
uscular injection to women during the follicular phase of two consec-
tive menstrual cycles: After oral administration serum levels of proges-
erone increased rapidly to reach luteal phase values within 1–4 hours;
hereas following intramuscular injection too the progesterone levels

ncreased rapidly but peaked 8 hours after administration to values 2.5
imes higher than the luteal phase. Via both routes, the serum proges-
erone levels were found elevated for more than 12 hours ( Ottoson et
l., 1984 ). 

Based on these findings, an appropriate dose for COVID–19 patients
ould be either 100 mg via the oral route or a lower dose for the in-

ramuscular route to avoid the 2.5 times increment because the aim of
dministering the progesterone is regulation of the immune responses,
ot excessive suppression of the Th1 response. Massive Th1 suppression
r Th2 deviation would be risky as it could camouflage the disease symp-
oms and provide favorable conditions for replication of any remaining
ARS–CoV–2 virus or new infections. 
9 
For example, pregnant women have high progesterone levels which
ncrease over the first to third trimesters (22.1 – 225 ng/mL) ( Schock
t al., 2016 ). Based on a systematic review and meta–analysis, Allotey
 et al ( Allotey et al., 2020 ) have reported that pregnant women with
OVID–19 are less likely to manifest symptoms of fever and myalgia
han non–pregnant women of reproductive age, although they might be
t increased risk of complications and admission to an intensive care
nit. This is similar to findings of pregnant women infected with swine
u. H1N1 pathogenesis is similar to SARS-CoV-2 with heightened Th1

mmunity. A study has reported the presence of antibodies to proges-
erone in pregnant women suffering from swine flu. It was related to
igh levels of this hormone during pregnancy which could deviate the
mmune system excessively towards Th2 . Maternal Th2 immune status
s protective for the fetus in order to avoid abortion, but it could lead to
ormation of auto-antibodies due to Th2 deviation and diminished Th1
esulting in impaired ability to fight the virus ( Shah et al., 2015 ). 

.4.7. Immunoregulation v/s immunosuppression 

Irrespective of the cause of immune dysregulation in COVID-19: be
t due to heavy viral load, pre-existing immunity pattern with raised
h1, suboptimal levels of progesterone or other regulatory factors, the

ogical antidote to immune dysregulation is immunoregulation and not
mmunosuppression. Immunosuppression with corticosteroids is used in
OVID-19 patients mainly for suppressing the inflammation. Efficacy of
orticosteroid treatment depends on the stage of COVID-19 ( Bahl et al.,
021 ) and appropriate dose ( Monreal et al., 2021 ). Administering it at
n early stage of the SARS-CoV-2 infection in high doses is found to be
armful with excessive suppression of inflammatory responses leading
o a virus-supporting milieu and also paving the way for mucormyco-
is ( Veisi et al., 2021 ). Such clinical findings in some of the COVID-19
atients treated with corticosteoids indicate that an immune regulator
ike progesterone maybe a better option. Progesterone is one option to
chieve optimal immunoregulation while avoiding excessive suppres-
ion of the Th1 response. Use of progesterone will also require clinical
igilance, especially about the right time of administration with regards
o the stage of COVID-19 and appropriate dose. 

Disease example: COVID ‐19 outcomes are found to be worse in
hose inflammatory arthritis patients who are on glucocorticoids than
n those who are on anti ‐cytokine therapy ( Tufan et al., 2020 ). About
ucormycosis, most pathogenic fungi are intracellular infections and

mmunomodulating therapeutic agents that upregulate the immune
esponse in the fight against fungal infections hold promise for en-
ancing the efficacy and safety of conventional antifungal therapy
 Ademe, 2020 ). This is an indication that not immunosuppression but
mmunoregulation is the proper target to treat Th1 oriented COVID–19
atients with severe symptoms due to cytokine storm. 

.4.8. Duration 

Suggested duration of treatment with progesterone for COVID–19
ould be episodic, transient, only when needed, an emergency inter-
ention to assist the patient to overcome the acute effects of immune
ysregulation. 

.4.9. Caution 

Blood pressure monitoring 
Progesterone treatment significantly reduces resting mean arterial

ressure although it increases plasma volume in humans ( Barbagallo et
l., 1995 ). There is no effect of progesterone treatment on adrenocorti-
otropic hormone, arginine vasopressin, renin, or heart rate responses
o hypotension. It is suggested that a small increase in progesterone
an reset resting mean arterial pressure and plasma volume, without
ltering reflex heart rate or endocrine responses to hypotension ( Pecins–
hompson and Keller–Wood, 1997 ). Like other vasodilators it could be
dministered early to acute heart failure patients with normal or high
lood pressure at presentation, but is best avoided in critical patients
ith low blood pressure ( Metra et al., 2009 ). 
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.4.10. Addendum 

Two interesting addendums in regard to the immunity patterns: 
First is the two-way effect of antibiotics. In patients with low Th1 and

igh Th2 immunity pattern, unless there is a bacterial infection present,
ntibiotics are best avoided to prevent lowering of the commensals and
ut microbiota, as this could further lower the Th1 response and have
 profound effect on the host immune system ( Wu and Wu, 2012 ). For
he same reason, the use of antibiotics could be therapeutic for patients
ith high Th1 and low Th2 immunity patterns as lowering the micro-
iota lowers Th1 and susceptibility to cytokine storm ( Belkaid and Hand,
014 ). Second, therapeutic drugs influence oxidative stress. It is interest-
ng to note that the much-used drug hydroxychloroquine for COVID–19
ownregulates oxidative stress ( Liu et al., 2020 ), which is progesterone
avoring condition. Remarkably, it substantiates the present research as
t is actually reported to shift the excessive cell-mediated immune re-
ponses to Th2, in a dose-dependent manner ( Ghasemnejad–Berenji and
haffari, 2018 ). 

. Conclusion 

To conclude, the presented research indicates that recognizing the
atient’s immunity pattern and progesterone status is important for
OVID–19. High Th1 and low progesterone predict severe outcomes
f COVID–19. The study proposes reasons for the higher severity and
ortality in males and the elderly. One stage lesser escalation of Th1

ombined with higher Th2 is the most likely reason for less severity
nd mortality in COVID–19 affected old women in comparison to old
en. Younger women have the additional advantage of higher levels of

he regulator progesterone, along with only one stage escalation of Th1
s compared to older women as well as aged and young men. Part 1
f this research finds that progesterone could favor recovery by inter-
ereing with SARS–CoV–2 infection and COVID–19 pathophysiology at
ultiple steps. It could be an important remedy itself or as an adjuvant

o other antiviral drugs and the symptoms-based treatment protocol. It
ould be beneficial in COVID–19 patients with pathophysiological indi-
ations of immune dysregulation, severe symptoms, and critical illness.
t may even have application for vaccination of those with low humoral
mmunity, to help them raise their antibody titers. The immunity pattern
oncept may be widely applicable for other diseases, once the specific
attern for a disease is established. Understanding of immunity grading
ould be of use to evaluate immunity status for other disease condi-
ions. A short summary of the present work would be to consider IPPR
Immunity pattern and progesterone regulation) for COVID–19 patients
nd to check for presence of the other enlisted parameters affecting cell-
ediated immunity and/or progesterone as an alarm for the possibility

f severe or critical illness. Further studies based on the clinical appli-
ations of the present research in medical practice would be insightful. 
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