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Abstract
Coronavirus disease-2019 (COVID-19), a respiratory tract infection caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a 
global health emergency and a threat the entire world. The COVID-19 shows a 
wide spectrum of clinical presentations, severity, and fatality rates. Although the 
fatal outcomes of the COVID-19 pandemic are evident in all age groups, the most 
devastating impact on the health consequences and death from COVID-19 are 
associated with older adults, especially older men. COVID-19 pandemic is 
affecting different countries in the world especially in the 65+ years age male 
group. In fact, several genes involved into the regulation of the immune system 
are strategically placed on the X-chromosome and trigger a gendered mediated 
antiviral fight. The aim of this study is to explore and exploit whether a 
relationship exists between male sex and COVID-19 mortality and the relationship 
is age dependent. Herein we discuss the possible role of physiological and 
immunological sex differences into the higher morbidity and mortality of SARS-
CoV-2 between females and males. Deciphering gender differences in COVID-19 
offers a window into the principles of immunity against SARS-CoV-2 infection 
and this information on ageing dependent gender disparity might contribute to 
our current understanding of COVID-19 infection and disease treatment.

Key Words: COVID-19; Gender; Sex hormones; Angiotensin-converting enzyme 2; 
TMPRSS2; TLR7
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increased mortality risk; (2) Older age, underlying co-morbidities, social deprivation 
and ethnicity have been associated with worse outcomes from coronavirus disease-
2019 (COVID-19); (3) Sex hormones might be implicated in the age-dependent and 
sex-specific severity of COVID-19; (4) Male sex hormones usually appear as 
immunosuppressants, whereas female sex hormones enhances the actions of humoral 
immunity; and (5) Female sex hormones exert a protective effect of COVID-19 
severity on females through direct antiviral activity or immune-mediated mechanisms.

Citation: Al-Bari MAA, Hossain S, Zahan MKE. Exploration of sex-specific and age-dependent 
COVID-19 fatality rate in Bangladesh population. World J Radiol 2021; 13(1): 1-18
URL: https://www.wjgnet.com/1949-8470/full/v13/i1/1.htm
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INTRODUCTION
The world is facing a major public health crisis due to the epidemic of coronavirus 
infection named coronavirus disease-2019 (COVID-19) by the World Health 
Organization (WHO) caused by SARS-CoV-2 (amplified as severe acute respiratory 
syndrome coronavirus 2)[1,2]. SARS-CoV-2 infection epidemic originated from Wuhan 
city, Hubei, China, in December late 2019, has sporadically spread throughout the 
world. The SARS-CoV-2 that causes COVID-19 is a zoonotic pathogen, which can 
infect both human and animal. As of today, the 1 October 2020, WHO has reported 
that the epidemic has blown-out to more than 213 nations and areas with more than 
33722075 confirmed cases, more than 1009270 confirmed expiries and more than 
25492274 total salvages in around the world (https://covid19.who.int). Several 
millions of lives have been troubled due to compulsory isolations/quarantines. This 
epidemic has the power to overburden nationwide healthcare delivery systems and 
have main repercussions on international economy if SARS-CoV-2 proliferation and 
virulency power is not contained, or current treatments are not established. The 
infection is currently constituting a serious health, economic, social, and psychological 
effects on the whole world as the world is under lock down as a measure to curb the 
spread of the virus[3]. SARS-CoV-2 is primarily transmitted from person to person 
through respiratory airborne droplets produced when infected persons cough, sneeze, 
breathe deeply, or talk within a proximity to uninfected persons. With this emerging 
combat against this life-threatening virus, the WHO has taken several strategies to 
interrupt human contacts with others, segregate patients at preliminary stages, 
recognize and decrease spread from the animal source for minimizing the social and 
economic impact.

Coronaviruses belong to the family of Coronaviridae. SARS-CoV-2 is a beta-
coronavirus like the two other viruses that have caused fatal infections over the last 
couple of decades: The SARS-CoV and the MERS-CoV (amplified as Middle East 
respiratory syndrome coronavirus). The SARS-CoV-2 is a non-segmented, enveloped, 
single-stranded, positive-sense RNA virus with a nucleocapsid. Analysis of the viral 
full genome sequencing has shown that the SARS-CoV-2 is phylogenetically close to 
the causative agent of a viral outbreak in 2002, SARS-CoV, with which it shares about 
79% of its genome[1,2]. Since SARS-CoV-2 is hereditarily and anatomically related to 
SARS-CoV, it is appearing clear that it has its own exceptional properties that shared 
to the quick outspread around the world. Despite its similarity to SARS-CoV, its 
transmission efficiency and diagnostic methods are rather different. The coronavirus 
crown-like (“corona”) morphology is created by transmembrane spike glycoproteins (S 
proteins) which is essential for SARS-CoV-2 attachment and invasion into host cells via 
formation of homotrimers protruding from the viral surface[3]. The distinguishing 
factor of SARS-CoV-2 is probably the nucleotide changes in the S protein and its 
receptor-binding domain (RBD)[4]. The S proteins of SARS-CoV and SARS-CoV-2 show 
organizational homology and preserved ectodomains, so that previous approaches are 
applied to stop binding of SARS-CoV to its host cell receptor, angiotensin-converting 
enzyme 2 (ACE2) through a non-pH dependent endocytosis, since SARS-CoV-2 also 
employs ACE2 for cell entry[5,6]. In molecular modelling analysis, it has shown 
similarities between the RBDs of SARS-CoV and SARS-CoV-2 (also called S proteins), 
which are the most immunogenic part of the virus and probably bind the same ACE2 
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receptors in order to gain cell entry[7,8], thus suggesting that a similar pathogenic 
mechanism is involved in both viral infections. Interestingly, ACE2 receptors are not 
only expressed on alveolar epithelial type II cells, which represent 83% of all ACE2-
expressing cells, but also on heart, kidney, endothelium, and gut cells[9]. Thus, ACE2 
may create a therapeutical target to control the cell entry of SARS-CoV-2. For example, 
the clinically used antimalarial drugs chloroquine analogues such as hydroxy-
chloroquine have been found to prevent terminal phosphorylation of ACE2 and to 
raise the pH in lysosomes. Moreover, the glycosylated S protein of SARS-CoV-2 is 
extremely immune-sensitive to the host, and murine polyclonal antibodies against S 
protein of SARS-Co-V effectively hinder S-mediated cell entry of SARS-CoV-2, 
suggesting that cross-neutralizing antibodies targeting preserved S epitopes can be 
provoked upon immunization[10].

Although SARS symptoms appear with MERS, and COVID-19, the assessed fatality 
rate of COVID-19 (2.3%) is considerably lesser than SARS (11.0%) and MERS (34.0%)
[11,12]. In comparison with SARS and MERS, COVID-19 has outspread very quickly, 
possibly due to expanded globalization and modification of the virus in closely each 
environment[12,13]. Although SARS-CoV-2 is less lethal than SARS and MERS-CoV 
insofar as most patients affected with SARS-CoV-2 may progress from the 
asymptomatic state or to acute respiratory distress syndrome (ARDS) and septic shock 
in severe form of the disease. In major cases, coronavirus infected patients show a mild 
flu-like symptoms, in which the utmost general signs are fever and cough. However, a 
major portion of the patients (15.7%) who develop severe disease have increased 
difficulty in breathing because of pneumonia. However, COVID-19 may rapidly 
develop into SARS characterized by interstitial pneumonia and the rapid development 
of ARDS or septic shock in older people (> 60 year, up to 10%-20%), especially in those 
with underlying medical comorbidities, such as hypertension, diabetes, and 
pulmonary diseases[1,14]. It more interesting that female adults are excluded in the 
danger group, as small number cases of serious COVID-19 in female have been 
testified. This takes up questions concerning the molecular mechanisms of gender 
disparity linked to the COVID-19 sternness.

In some patients the SARS-CoV-2 may associated with terrible symptoms when it 
infects the lungs initiating a strong inflammatory response, a cytokine storm with 
extreme levels of acute-phase reactants[15,16]. This hyperinflammatory situation is 
categorized by increased levels of cytokines, including interleukin-6 (IL-6), monocyte 
chemoattractant protein 1 and granulocyte-colony stimulating factor as well as 
appeared with the macrophage activation syndrome like hyperferritinaemia. Here, we 
report the current understanding of SARS-CoV-2 such as its sociodemographic 
characteristics included age, sex, smoking, race/ethnicity and level of education as 
well as its clinical features, imparting the critical information for regulating our 
responses against the SARS-CoV-2 contagion. We also recapitulate the state-of-the-art 
inventions on targeting SARS-CoV-2 through a cellular point of interpretation. 
Understanding and elucidating of cellular and molecular mechanisms of gender 
disparity associated with the severity of COVID-19 may significantly advance our 
knowledge of the disease pathogenity, and thus provide to the health professionals as 
to how to well treat the ageing patients.

MATERIALS AND METHODS
Objectives: The recent COVID-19 pandemic has appeared as a threat to global health. 
Though current evidence on the epidemiology of the disease is emerging, very little is 
known about the predictors of recovery. The current objective of the report is to 
describe the epidemiology of confirmed COVID-19 patients in the United States and 
Bangladesh and identify predictors of recovery. Data source: We have collected these 
data by using publicly available data for confirmed cases in the Coronavirus Disease 
2019 (COVID-19)-Associated Hospitalization Surveillance Network (COVID-NET) 
from the Centers for Disease Control and Prevention (CDC), United States from March 
07, 2020, to September 19, 2020 (https://gis.cdc.gov/grasp/COVIDNet/
COVID19_3.html), and (https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html) as 
well as press release under Ministry of Health and Family Welfare (MOH&FW), 
Bangladesh (https://corona.gov.bd/press-release). Variables: We have undertaken 
descriptive analyses of cases stratified by sex, age group, demographic information (
e.g., race, ethnicity) and clinical (medical) history (underlying health conditions). 
Statistical methods: Correlation analysis is performed among all predictors (sex, age 
group, race and ethnicity) with student’s t-test, statistical analysis accordingly.

https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html
https://corona.gov.bd/press-release
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RESULTS
As shown in Figure 1A, the first case of COVID-19 in United States is confirmed on 
March 7, 2020. There are a small number cases of new infections for about a month. 
After two months, the figure abruptly has risen at May 30, 2020 (cumulative rate 5.9, 3, 
51.6, 136.5 and 266.6 per 100000 population as 0 to 4 year, 5 to 17 year, 18 to 49 year, 50 
to 64 year and 65+ year respectively), to reach the peak around end of June and early 
July (9.1, 4.3, 66.3, 162.0 and 306.9 per 100000 population as 0 to 4 year, 5 to 17 year, 18 
to 49 year, 50 to 64 year and 65+ year respectively). It reached continually its peak on 
the 5 September with 16.8, 9.7, 113.8, 249.8 and 451.2 per 100000 population as 0 to 4 
year, 5 to 17 year, 18 to 49 year, 50 to 64 year and 65+ year respectively confirmed 
cases. Similar case is found in Bangladesh that the rate of death per total infected cases 
(50.2%) is found in over 60-year-old patients (Figure 2A). The United States’ data 
indicate that mortality rate among younger age group patients with mildly disease is 
less prominent. This result is consistent with other report that younger patients less 
than 17 years have slighter COVID-19 severity, with practically no hospitalizations or 
expiries stated[17]. However, the mortality is higher among elderly patients particularly 
65+ years old that is required for intensive care unit admission in hospital. These 
results are similar to the other reports that the elderly people (aged over 60) were at a 
high risk of developing into death based on a worldwide data (www.who.int)[17-19].

As in Figure 1B shows on United States data that on May 30, 2020 the curve shows 
that cumulative rate 94.8 and 83.3 per 100000 population as male and female 
respectively (adjusted ratio 1.134:1) and gradually reach the peak around end of June 
and early July (112.4 and 101 per 100000 population as male and female respectively 
(adjusted ratio 1.11:1). It reached continually its peak on the 5 September with 171.8 
and 161.1 per 100000 population as male and female respectively confirmed cases 
(1.065:1). Interestingly, the prominent data is found in Bangladesh that the rate of 
death per total infected cases (77.9%) is found in male patients over female patients 
(22.1%) (Figure 2B). As shown in Figure 1B both adult males and females had similar 
recovery rates, and their difference is not statistically significant. However, in case of 
Bangladesh the rate of death in male patients is strongly statistically significant (P 
value < 0.0001). Regarding the sex proportion, there is an apparently indisputable 
outline that COVID-19 killed more males than females (Box 1). Unlike the fewer 
statement in the research from the Asian subcontinental areas such as China, South 
Korea, the data from the United States reflect the male sex is in danger for disease 
severity[20-22]. To assess the over-all situation about the world, the country-wise data[23], 
have found that the case-mortality rate among men is about 35% more inflated than 
women. The sex-disparity is consistent across age groups and regions.

Findings from multiple reports also show that patients who are more than 65 years 
of age particularly male sex having a higher BMI value (> 35 kg/m2), co-morbidities 
such as hypertension, cardiovascular disease (CVD), chronic lung disease, metabolic 
disease, neurological disease, obesity, renal disease, diabetes, coronary disease, 
obstructive pulmonary disease, nicotine dependence, and heart failure have vital risk 
factors for developing COVID-19 complications[24,25] and a high mortality rate[26,27]. 
Among them, obesity is a critical risk factor which aggravates the COVID-19[28]. In 
consistent with these views, Figure 3 shows that adult patients are susceptible for 
COVID-19 having the following serious complications such as CVD (32.6%), chronic 
lung disease (18.2%), hypertension (56.5%), metabolic disease (41.5%), neurological 
disease (24.2%), obesity (47.5%) and renal disease (15.2%). In the paediatric cases, the 
percentages of the infection cases are quite less than the adults. However, in major 
cases paediatrics are infected with COVID-19 in unknown conditions (49.7%). Delayed 
hospitalization and microbial infections are also proposed greater danger factors for 
disease development[27]. Smoking history is also a probable danger issue for emerging 
severe complications[5].

Baseline patient characteristics are also provided in Figure 4. Black patients are 
generally more susceptible than white patients with the age group (65+ years old. On 
May 30, 2020, the cumulative rates are 49.5, 158.5 and 196 per 100000 population as 
white, black and American Indian/Alaska Native respectively, to reach the peak 
around end of June and early July (57, 186.2 and 238.8 per 100000 population as white, 
black and American Indian/Alaska Native respectively). It reached continually its 
peak on the 5 September with 84.7, 290.6 and 302.4 per 100000 population as white, 
black and American Indian/Alaska Native respectively confirmed cases. In another 
report, black patients have a relative risk for hospitalization[29]. After correcting for 
gender, stage group, and comorbidities, black people have a 1.42 times higher danger 
of hospitalization for COVID-19 severity in comparison with white patients. The 
relative danger of death from COVID-19 infection is increased for males than for 
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Figure 1 Cumulative rate of infection per 100000 population. A: In different age groups under the Coronavirus Disease-2019 (COVID-19)-Associated 
Hospitalization Surveillance Network (COVID-NET) hospitalization data (by September 5, 2020; https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html); B: In gender-
based fatality rate under the COVID-19-Associated Hospitalization Surveillance Network (COVID-NET) hospitalization data (by September 5, 2020; 
https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html).

females in almost all age groups in all nations.

DISCUSSION
The COVID-19 pandemic is causing millions of deaths worldwide and it has become 
as an emerging threat to the public health globally. Although existing evidence on the 
epidemiology of the COVID-19 is emergent, a slight is identified about the predictors 
of salvage. Many countries throughout the world have experienced an unprecedented 
healthcare crisis caused by the SARS-CoV-2 infection[30,31]. Many parameters likely 

https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html
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Figure 2 Percentage of rate of death per total infected cases. A: In different age groups in Bangladesh; B: In gender-based disparity in Bangladesh.

contribute to the etiology of the COVID-19 disease. The viral population and way of 
infection can elucidate why healthcare workforces are at a greater danger; diversities 
in the genome sequences of the viruses or the genome of the host-cells (i.e., patient’s 
genetic makeup) may consider for the variables detected among different countries 
and people. At the person level, personal immunity is also a vital forecaster of the 
disease prognosis, which can be reshuffled by age levels, gender, race, ethnicity as well 
as the presence of co-morbidities. Gender- and sex-determinants are also important for 
advising the endemic in interstellar and over time. To exemplify the status of this 
opinion, data on gender of the COVID-19 deaths in the United States and Bangladesh, 
recorded until 5th September 2020 were used to evaluate age- and sex-standardized 
figures in the United States and Bangladesh.

In comparison with disease occurrence, approximately similar distribution is 
detected among males and females at different age groups according to the WHO 
case-based surveillance system as of April 18, 2020[32]. However, from data on today in 
COVID-19, not only the progression of disease severity, but also mortality and fatality 
rates necessity to be clarified by age and, in addition by sex[33]. Preliminary data 
suggest that selective persons such as the elderly, males and people with 
comorbidities, including hypertension, diabetes and obesity, have slight COVID-19 
consequences[34,35]. As the pandemic outspread over the United States during the last 4 
mo, patterns of high-danger properties explained to emerge and data of poor 
consequences (specifically high case fatality) among racial and ethnic minorities[34].

A gendered approach to the COVID-19
Evidences suggest that male gender and aged persons are key factors connected to 
higher danger of severe events and death from COVID-19[36,37]. The enhancing 
mortality rate from COVID-19 for males (2.4 times) than for females is overall 
comparable to that originated in other coronaviruses during the past two years, 
including the SARS-CoV and the MERS-CoV[37-39]. The explanations for the sex 
differences in COVID-19 are perhaps multifaceted including variations in immune 
response, higher incidence of pre-existing disease, biological differences between the 
sexes such as high levels of androgens in men, differences in lifestyle such as smoking 
habits as well as differences in underlying comorbidities[40-42]. Male are commonly 
reported to have higher serious pathological conditions, such as CVDs, whereas 
females tend to have higher non-serious long-lasting disorders, such as skeletal and 
autoimmune hypersensitive diseases[43]. Thus, the risk of male death from COVID-19 
may explain the comparatively more occurrence of causal comorbidities such as CVD, 
diabetes and chronic lung disease[44].

Mechanistically the age and gender differences in COVID-19 can be explained by 
the variable expression of an extracellular anchor represented by a cell-surface zinc 
peptidase, ACE2 which mediates SARS-CoV-2 binding and entry into cells[45,46]. Here 
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Figure 3 Percentage of selected underlying medical conditions under the coronavirus disease-2019-associated hospitalization 
surveillance network hospitalization data (by September 5, 2020; https://gis.cdc.gov/grasp/COVIDNet/COVID19_5.html).

the viral spike (S) protein is indeed a key determinant for transmissibility. Although 
ACE2 is pivotal for the entry point of the SARS-CoV-2, CD26 receptor also interacts 
with the S1 domain of the viral S protein and affects its virulence[47-49]. Since ACE2 
receptor is abundantly expressed by pneumocytes in the lungs[48], SARS-CoV-2 
infection and down-regulated ACE2 lead to higher the expression of angiotensin II 
(Ang II) that directly causes unregulated inflammatory lung damage[47-49]. Interestingly, 
ACE2 expression does not denote a completely capable of cell entry receptor as 
confirmed for SARS-CoV-2, until the cleavage at the S1/S2 and the S2′ site of the S 
protein operated by TMPRSS2 a 70 kDa membrane-anchored enzyme (type 2 
transmembrane serine protease) in order to allow viral-cellular membrane fusion[50]. 
ACE2 is commonly accountable for altering Ang II into vasodilatory and low immune 
enhancing variants of angiotensin. Ang II specifically interacts with its type 1 receptors 
called angiotensin receptors (AT1Rs) in the lung to stimulate inflammation and 
vasoconstriction via induction of the NF-κB (nuclear factor kappa-light-chain-enhancer 
of activated B cells) pathway, which enhances cytokine synthesis[6,51]. Low expression 
of ACE-2 levels and high Ang II expressions turn to enhance the permeability of 
pulmonary vessels which then consequences in inflammatory damage to the 
pulmonary tissues[52,53]. The primary culprit of severe COVID-19 is the cytokine storm 
resulting from an unchecked inflammatory response that damages the lung tissue and 
causing death in a substantial percentage of cases[54]. In the lungs, ACE2 down-
regulation associates with the human ARDS via enhanced vascular permeability, 
increased lung oedema, neutrophil accumulation and worsened lung function[51,55,56]. 
Moreover, if SARS-CoV-2 causes sepsis, then ARDS occurrence exaggerates the edema, 
swelling and can cause of death[57]. Additionally, when COVID-19 infection occurs, the 
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Figure 4 Cumulative rate of infection per 100000 population in baseline characteristics under the coronavirus disease-2019-associated 
hospitalization surveillance network hospitalization data (by September 5, 2020; https://gis.cdc.gov/grasp/COVIDNet/COVID19_3.html).

virus SARS-CoV-2 is internalized and stimulates TNF-α converting enzyme, ADAM17 
(ADAM metallopeptidase domain 17)[58]. ADAM17 slashes the ACE2 receptors 
resulting them insensitive to the stimulation of renin–angiotensin–aldosterone system. 
This is eventually accountable for additional making of cytokines, which worsen the 
inflammation[59]. In the existence of pre-existing CVD, the cytokine storm can intensify 
underscoring diseases by infuriating pre-existing heart failure, causing suppression of 
myocardial activity, enhancing the oxygen demand/supply ratio and endothelial 
disfunction[59,60]. In this setting, ACE2 could denote the first variable to validate 
different effects of the infection between sexes.

ACE2 gene is located on the X chromosome (Xp22.2), in the Barr zone. The X 
chromosome in females (XX genotype) bring twofold as many X-linked genes (> 1000 
genes) related to males (XY genotype). The X-linked gene expressions are equivalent 
between two sexes via  X chromosome inactivation (XCI) process which 
transcriptionally deactivates one copy of the X chromosome. XCI is recognized during 
embryonic development and regularly preserved throughout the life[61,62]. However, a 
part of X-codified genes (almost 15%-23%) can discharge, fully or partly, from XCI and 
this privilege is suitable for those genes located in the pseudoautosomal regions (PAR) 
1 and 2[32,63]. The ACE2 gene is located within PAR1 and the influence may not 
inevitably be an increased expression of ACE2 in women. Male susceptibility to 
COVID-19 infection may be additional boosted by X-linked inheritance of genetic 
pleomorphisms as loci of both androgen receptors (ARs) and ACE2 genes are 
positioned on the X chromosome[32]. Since ACE2 expression is originated in the testes 
(specially in Leydig cells)[5,64] serum luteinizing hormone (LH) level is significantly 
increased. As a result, the proportions of testosterone to LH and follicle stimulating 
hormone (FSH) to LH are pointedly diminished in males with COVID-19[5]. Thus, it is 
inevitability to evaluate gonadal role among patients who have improved from the 
SARS-CoV-2 infection, particularly in reproductive-aged men.

Another exciting finding related to coronaviruses resides on the co-expression of 
TMPRSS2 together with ACE2. TMPRSS2 is a critical factor in enabling cellular 
infection by SARS-CoV-2 for priming the viral S protein S1 domain and employing the 
S2 domain for viral infectivity[50,65,66]. Several speculations may strengthen the role of 
sex into the expression of TMPRSS2. TMPRSS2 is located on chromosome 21q22.3 and 
several AR elements are positioned upstream of the transcriptional promoter 
region[67,68]. Notably, AR activity seems to be required for the transcription of the 
TMPRSS2[5,69]. It is hypothesized that genetic variation of AR is associated with prostate 
cancer and androgenetic alopecia is also related to ethnic disparities in COVID-19 
death[70]. Androgens powerfully upregulate the TMPRSS2 expression in prostate cancer 
cells[31,71] and they can also regulate the oncogenic ERG transcription factor (or, more 
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rarely, other members of the ETS family) when the TMPRSS2:ERG fusion gene is 
formed due to somatic gene reshuffles in prostate cancers[32].

Sex hormones and hormone therapy during COVID-19 pandemic
Sex hormones might be implicated in the age-dependent and sex-specific severity of 
COVID-19. Sex hormones, e.g., testosterone and oestrogen significantly affect immune 
responses in both sexes[36,72,73], a part of which are in straight connections between sex 
hormones and immune cells. Increasing evidence proposes that both sex hormones 
and hormone therapy could be beneficial in COVID-19 treatment through direct 
modulation of antiviral activity or immune regulation[32]. Several studies suggest that 
both high and low testosterone levels can favour severe COVID-19[32,74]. For example, 
high testosterone levels upregulate TMPRSS2, facilitating the entry of SARS-CoV-2 
into host cells via ACE2 (Figure 5). A recent analysis supports the hypothesis that 
androgen-deprivation therapy (ADT) might protect men from SARS-CoV-2 
infection[32,75]. An epidemiological data also provision that ADT provide a defensive 
role in COVID-19 patients with prostate cancer. A mode of clarification for this 
concept is connected to the viral entry facilitated by TMPRSS2[32,75]. Furthermore, 
upregulated testosterone expressions can also impart to the progress of microthrombi 
and venous thromboembolism, which are signs of severe COVID-19 patients[76]. In 
addition, the 5α-reductase (a well-known converting enzyme to testosterone) 
inhibitors (dutasteride) can be applicable in COVID-19, by suppressing the ACE2 
expressions and the internalization of the spike receptor[32]. Contrarywise, other studies 
propose that the immune modifying properties of androgens can defend from the non-
satisfactory cytokine storm of COVID-19. Preclinical data also recommend that 
camostat mesylate, which hinders the protease action of TMPRSS2, is able to hinder 
the entry of SARS-CoV-2 in lung epithelial cells[50]. Preclinical data showed that 
inhibitors of TMPRSS2 (such as camostat, nafamostat and bromhexine) and of 5α-
reductase might be active against SARS-CoV-2[32,50]. Although the androgen-driven 
concept is fascinating, it remains obscure why younger males with COVID-19, who 
have greater testosterone levels in comparison to adult males, display diminished 
sternness and fatality rates[77]. Likewise, it would be unpredicted that aged males who 
have lesser testosterone levels display amplified sternness and fatality rates to COVID-
19. Obesity is a well-known risk factor for CVDs and testosterone levels of obese males 
are reported to be distinctly lesser than in the non-obese people. Remarkably, the 
amount of dropping testosterone levels is interrelated to blood glucose levels and lipid 
profiles[78]. By inclining to obesity, lowered levels of male sex hormones, specifically 
testosterone, can possibly be involved in the advance of CVDs and COVID-19. 
Additional experimental and clinical studies are vital to categorize the underlying 
associations among testosterone levels, obesity and CVDs, and the basic mechanisms. 
Thus, it is vital to evaluate why-among males with COVID-19-younger age is 
powerfully defensive against adverse consequences. It is probable that testosterone has 
a defensive anti-inflammatory action in younger males.

Testosterone is reported to have anti-inflammatory functions via suppression of 
both the cellular and humoral immune systems[52,79]. Testosterone is reported to 
decrease IL-6 and tumor necrosis factor α (TNF-α) levels via suppression of the NF-κB 
pathway. Down-regulated testosterone expression, as can happen in aging males, has 
also been correlated with upregulated inflammatory cytokines including IL-6 and may 
trigger to high risk of pulmonary injury after pneumonia[52]. Androgens usually inhibit 
the inflammatory signals by reducing the action of the peripheral blood mononuclear 
cells, and the secretion of inflammatory factors and cytokines, such as IL-1β, IL-2, 
TNF-α[32,41]. Androgens may also endorse the release of inflammatory cytokines such as 
IL-10 and TGFβ (transforming growth factor-β) via AR signaling pathway[32]. These 
immune- oppressive actions of androgens could induce COVID-19 infection, but might 
also suppress the cytokine storm that exemplifies with the most COVID-19 severity.

For the most severe infections, females have been constantly found to stand a 
greater immune reply than do males. Generally, the women show more immune 
responses effectively to microorganisms by making greater quantities of interferons 
(IFN) and antibodies; though this defensive action mediated mainly by estrogen, is 
reduced in postmenopausal females[52]. In cases of coronaviruses, females have verified 
a steady survival benefit over males[52]. A large amount of authentication suggests that 
female sex hormones, particularly estrogens and progesterone might apply a 
protecting role on women via direct antiviral action or immune-protective effects, thus 
elucidating the greater COVID-19 sternness in post-menopausal females. For instance, 
expressions of estrogen receptors (abbreviated as ERα and ERβ) occur in a wide 
variety of immune cells (T, B, NK cells, DCs, macrophages, neutrophils). Additionally, 
sex hormones are proposed to provide dose-dependent action on immune cells[41,80]. 
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Figure 5 The role of sex hormones and hormone therapies in modulating severe acute respiratory syndrome coronavirus 2 entry in host 
cells and immune response. The replication cycle of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) begins when the virion binds to the host 
cell receptor, angiotensin-converting enzyme 2 (ACE2) via its spike protein S1 subunit. After receptor binding, the virus gains access to the cytosol by acid-dependent 
proteolytic cleavage of the S protein into S1 and S2 subunits by a furin, cathepsin, transmembrane serine protease 2 (TMPRSS2), or another protease, followed by S2-
assisted fusion of the viral and cellular membranes. In this proposed model, androgens can upregulate the activity of TMPRSS2 which is necessary for the SARS-CoV-
2 spike protein priming. Female sex hormones, estrogens might downregulate the ACE2 expression, which is used by SARS-CoV-2 for host cell entry. Androgens 
suppress the inflammatory responses by decreasing the activity of the peripheral blood mononuclear cells, as well as the release of inflammatory factors and cytokines, 
such as IL-1β, IL-2, TNF-α. Female sex hormones, estrogens and progesterone exert a protective effect on females, through direct antiviral activity or immune-
mediated mechanisms. Estrogen receptors (ERα and ERβ) are expressed in a diverse array of immune cells (T, B, natural killer cells, macrophages, DCs, neutrophils) 
and modulates immune responses. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ACE2: Angiotensin-converting enzyme 2; TMPRSS2: 
Transmembrane serine protease 2; ERs: Estrogen receptors.

Hereafter, age-related changes or menstrual-cycle dependent variations in the female 
sex hormone levels can affect the collaboration between sex hormones and immune 
cells. Unexpectedly, it is found that immune responses between both sexes deviate as 
age upsurges, although the hormonal levels lower with ages[80]. Estrogens can 
downregulate the expression of ACE2 mRNA in bronchial epithelial cells in vitro[81]. 
Beyond this mechanism, estrogens have also a potential favorable role related to their 
immune-modulating properties. Notably, testosterone can be transformed to estrogen 
in peripheral tissues via aromatase enzyme, which may provide an anti-inflammatory 
action. This observation suggests that estrogens can protect females from severe 
COVID-19 compared to men and that post-menopausal women[81]. Although estrogen 
has a multifaceted role in modifying the immune system, it is stated to have an anti-
inflammatory action at regular biological levels in premenopausal females[82]. In 
general, inflammatory cytokines, such as IL-6, IL-8 and TNF-α are suppressed by 
periovulatory doses of estrogen, although minimal estradiol levels can enhance 
inflammatory factors, which can clarify the proinflammatory states suffered by 
postmenopausal women. Although postmenopausal women are described to have 
greater expressions of proinflammatory cytokines including IL-6; these cytokine 
expressions are suppressed by the application of hormone replacement therapy 
(HRT)[83]. Therefore, the NF-κB pathway activated by Ang II enhances cytokine 
production after SARS infection while the NF-κB pathway can be shut down by 
estrogen and this strategy might be relevant for COVID-19 treatment in female 
patients.

Progesterone and 17β-estradiol (E2) have distinct roles in modulating innate and 
adaptive immunity[72] based on concentration[81]. Low concentrations of E2 promote 
pro-inflammatory cytokine production and stimulate TH1 (T helper type 1) cells, 
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whereas highly concentrated E2 suppresses cytokine secretion and enhances TH2-cell 
mediated humoral immunity (Figure 5). In general, progesterone stimulates anti-
inflammatory effects and can indulge the CD4+ T skewness from TH1-cells to TH2-cell 
actions[84]. It has been suggested that a triggered TH2-cell mediated immune response 
to such as in patients with asthma, might protect against severe COVID-19[85]. Finally, 
current data propose that progesterone provides a straight antiviral action on SARS-
CoV-2 via the modification of the Sigma receptors[86]. Moreover, MERS-CoV and SARS-
CoV in vivo data also support that SERMs (selective estrogen receptor modulators) 
such tamoxifen and toremifene, may be applicable against COVID-19[87], although 
emphasizing the necessity of more investigations in patient treatment.

The complex variability of immune responses based on age and sex may also 
elucidate the age-dependent and sex-selective sternness of COVID-19[54,88]. Our 
immune system is composed of two distinct arms with different functions: Adaptive 
and innate immunity. The first line of defence, innate immunity acts against 
dangerous invaders like SARS-CoV-2 via capturing and deactivating pathogenic 
organisms and initiating inflammation. Classically, acute inflammatory responses lead 
to a quick accumulation of immune cells and macromolecules at the injurious sites for 
eliminating the aggressor. However, chronic inflammatory responses can lengthen to 
affect abundant cellular machineries. Aging phenomena have been correlated with 
such chronic stimulation of inborn immunity, linked to systemic strengthen in 
inflammation (called as “inflamm-aging”) that might be harmful for the body[89]. The 
cellular senescence modulates the pathogen clearance during infections, and this mode 
of action might impart to clarify the age-dependent COVID-19 severity[72]. 
Additionally, discrete immune responses are confirmed between the sexes, and can 
consequence in disparity occurrence and vulnerability of males and females to 
autoimmune diseases, tumours and infections[72]. Acquired immune cells are 
militarized when the inborn immunity is inadequate to defeat a hazard. Cell mediated 
immunity specifically B and T cells can eradicate a danger precisely by selectively 
binding with a certain threat (for example, a small fragment of protein or a part of 
antigen to SARS-CoV-2). In addition to chronic activation of innate immunity, 
adaptive immune functions decline with age[90].

Sex differences in immune responses underlying COVID-19 disease
The X chromosome of Drosophila melanogaster docks many genes encoding for innate 
signalling proteins. This can provide a probable clarification for the sex-specific 
differences into immunity against viral infections. However, Y chromosome encoded 
Sry expression decrease the immune response. It is supported that X chromosome is 
partly accountable for the over-active respondents of the female immunity. Hence the 
high incidences of auto-immune diseases may occur in women by contributing to the 
collapse of self-tolerance[91]. Moreover, the giant X chromosome comprises the greatest 
number of immune-correlated genes in the full genome[92], including genes that are 
involved in innate [e.g., PRRs (pattern recognition receptors), TLR7 and TLR8 and 
acquired immune responses (e.g., chemokine receptor CXCR3). Although inactivation 
of X chromosome has may preserve correspondent gene expression into the two sexes, 
a lower number of genes located in the intron regions can escape this mode. Therefore, 
the products of these genes are exposed in females and the PRRs, TLR7 and TLR8 are 
escaped from XCI region[73]. Upon ligand interaction, TLR7 dimerizes and activates 
MyD88 (myeloid differentiation primary response gene 88), MAPK (mitogen-activated 
protein kinase) cascades, NF-κB pathway as well as IRF (IFN regulatory factor) -7 and 
IRF-5 activation[93]. In humans, mRNA levels for IRF-5 associate with oestrogen 
receptor 1 (ER1) levels proposing a possible IRF-5 regulation by transcriptional ER1 
level[94]. Besides, IL-6 has been claimed to be critically involved into the down-
regulated host immune response of COVID-19 patients[95]. Finally, TLR7 may stimulate 
B cells to enhanced antibody production.

A current study supports that females with severe COVID-19 cases have a greater 
amount of serum SARS-CoV-2 IgG in comparison with males, and the production of 
IgG in the initial phases of contagion looks like to be vigorous in women than in 
men[96]. It is also discovered distinct sex variances in how the B cell change with age[80]. 
B cells (numbers and percentages) are lower in older men (> 65+ years)[97] supporting 
that some of these sex-variances are preserved transversely people. Reduction number 
of B cells in aged men might consequence in reduction of antibody supply that might 
weaken the ability of an individual to fight against infectious pathogens. A pilot study 
suggests that injection of plasma therapy from recovered patients that comprises 
antibodies are capable to counteract SARS-CoV-2 virus pointedly and upgraded the 
critically ill COVID-19 patients[98]. But, a biosafety issue is a spectacle called antibody-
dependent enhancement (ADE), when non-counteracting antiviral antibodies initiate 
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the entry into host cells thereby cumulative the SARS-CoV-2 infectivity[98].
It is also found accelerated age-related T cell function declines in men compared to 

women[80]. For example, incidences of naive T cells reduced with age, principally in 
CD8+ T cells in both sexes, although females had greater naive T cells in comparison 
with men in both young and aged persons[99]. Females have been observed to have 
higher thymic action in comparison with males in all ages[100], which may likely clarify 
sex-variances in naive T cells. Lymphocytopenia has been reported in severe cases of 
COVID-19[101] including severe decays in CD4+ and CD8+ T cells. Collected these data 
support that SARS-CoV-2 may weaken antiviral immunity pointedly and this 
weakening may have drastic outcomes for aged persons.

Association of frailty with mortality in COVID-19
Irreparable process, human aging causes decrease in cognitive ability with the increase 
in age. There are many factors accelerating a person’s biological age such as diet, 
exercise, lifestyle and co-morbidities (hypertension, diabetes, obesity). With aging, 
changes in hematopoietic stem cell (HSC) pool contribute to the functional decline in 
both innate and adaptive immune systems. Somatic mutations in HSCs is more 
commonly found in aged persons, where consequence of a mutated HSC and its 
immune cell offspring is denoted as “clonal hematopoiesis”[102] and associated with 
COVID-19 morbidity. Mounting evidence support that cardiac comorbidities are 
common in COVID-19 patients and such patients are in greater risk of mortality. The 
danger of CVD is two times greater in persons with clonal hematopoiesis[102]. 
Abnormal clonal hematopoiesis can provoke pro-inflammatory cytokines such as IL-6, 
IL-1β and IL-8, and inflammatory signals in macrophages and mast cells[102]. Higher 
levels of cytokines cause a sustained confluency of innate immune cells and a decrease 
production of acquired immune cells, so that the outcome of clonal hematopoiesis may 
participate to deprived COVID-19 consequences in aged persons. It is also found that 
SARS-CoV-2 directly activates mast cells with the subsequent release of 
proinflammatory cytokines such as IL-1.

The association COVID-19 with age is long-established with aged patients being 
additional susceptible to die. Principally ACE2 receptors and CD26 are responsible for 
the increased age-related susceptibility of COVID-19 and both the receptors are highly 
expressed in senescent cells. Coronaviruses target both ACE2 receptors and CD26 and 
the overexpression of these receptors in older patients cause augmented fatality rate in 
COVID-19 patients[29,103]. Ageing, a progressive decline in tissue homeostasis is 
correlated with chronic inflammatory symptoms. Several factors such as abnormal 
immune function, cytokines production by senescent cells, NF-κB signaling pathway 
activation or a defective autophagy response may enhance the activation of 
inflammatory pathways (i.e., the NOD-like receptor 3 inflammasome). Mounting 
reports support that cytokines storm is aroused in patients with COVID-19 which is 
chiefly revealed by enhancing IL-2, IL-7, G-CSF (granulocyte colony stimulating 
factor), and TNF-α. Of all the cytokines, IL-6 has been observed to be interlinked to 
extremely severe SARS-CoV-2 infection owing due to amplified viral replication[104]. It 
is observed that the CD8+ counts in frail COVID-19 patients are dramatically decrease 
than that in normal patients. CD4+ and CD8+ T cells are also necessary for clearance of 
viruses during principal infection in the mucosa[105]. Cytotoxic CD8+ T cells can destroy 
virus mediated infected cells. Thus, frailty-associated decay in immune action may 
clarify the interlinked between ageing and higher adverse consequences.

CONCLUSION
The emerging COVID-19 pandemic as a global threat and public health challenges 
throughout the world. This report highlights the importance of multiple risk factors of 
disease severity and mortality such as old age, male sex, smoking, and comorbidities 
for the pathobiology and clinical landscape of COVID-19. Mounting evidence suggests 
that COVID-19 is a sex specific and aged influenced disease and it affects by a wide 
variety of variables fluctuating from genetic to socioeconomic factors. Therefore, in our 
considerations, we covered the emerging COVID-19 pandemic infection in the 
comprehensive and many-sided context of connections. Although it is endeavored to 
draw hypotheses about gender and ageing specific disparities of SARS-CoV-2 
infection, gender equality and frailty should be given the first priority for further 
investigation to treat COVID-19 infection.
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