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ABSTRACT 

Novel coronavirus, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 

emerged from Wuhan, China has spread rapidly around the world with a male bias 

case fatality rate. The highly infectious Corona Virus Disease 2019 (COVID-19) 

pandemic caused by the SARS-CoV-2, quickly surges in Bangladesh and the case 

disaggregated epidemiological data also showed that men, especially the aged men 

have higher risk of developing this disease. In this review, we aim to highlight the sex 

specific mechanism, sex hormone modulates innate-adaptive immune response, 

susceptibility of viral infection in male and female. Alongside, the effect of aging can 

alter the immune system that reduces ability to fight the infection. Therefore, in this 

review the impact of gender and age in immunopathogenesis is emphasized in order 

to improve the therapeutic treatment of COVID-19 disease, which is unique to other 

studies in respective to Bangladesh.  

INTRODUCTION 

Coronavirus disease 2019 (COVID-19) pandemic, wreaking a global havoc, was 

declared as pandemic by World Health Organization (WHO) on March 11, 2020 

[1]. It is caused by a novel coronavirus (CoV) named Severe Acute Respiratory 

Syndrome Coronavirus 2 (SARS-CoV-2) which is reported as a newly identified β 

(beta) coronavirus [2]. Based on the genomic structure and phylogenetic analysis, this 

novel coronavirus (2019-nCoV) is most similar (86.9%) to SARS-like CoV sequences, 

considered as a Severe Acute Respiratory Syndrome (SARS) like virus named SARS-

CoV-2 [3]. They cause mostly mild to severe upper respiratory tract illness, enteric, 

hepatic, systemic and neurologic diseases, in humans and numerous animal hosts (for 

example, cattle, palm civets, swine, horses, camels, cats, rodents, dogs, bats, ferrets, 

etc.) [4]. In addition, other systems, like hematological system, complement system, 

cardiovascular system are also demonstrated in the patients with this novel infection 

[5,6]. The human coronaviruses were first identified from respiratory infections in 

adults as well as children in 1960. After two contemporary outbreaks of twenty first 

century, SARS virus in 2002 and Middle East Respiratory Syndrome (MERS) in 2012 

[7], the major scientific interest was strengthened. SARS-CoV-2 is identified as third 

highly pathogenic human coronavirus [8]. Emergence of the coronavirus was first 

spotted in Wuhan, Hubei, China in December 2019 [9]. Up to 22nd February of 

2021, it has scourged transmission across the globe in 213 countries and territories 

with a total of 112,007,302 active infection cases and 2,479,067 deaths. The 
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worldwide case fatality rate is 2.2% due to COVID-19 in 

comparison with SARS (9.6%), MERS (34%) and swine flu 

(0.02%) (www.worldometers.info). Since the virus has spread 

worldwide, the records of infection and death rate are 

marching up in Bangladesh as well. According to Institute of 

Epidemiology, Disease Control and Research (IEDCR), the first 

three cases of COVID-19 were reported on 8th March of 

2020. IEDCR has tracked 543,351 active infection cases and 

the mortality rate is 1.44% in the country on 22nd February of 

2021 (www.iedcr.gov.bd). 

Patients with COVID-19 often experience asymptomatic or 

paucisymptomatic forms to clinical conditions, such as dyspnea, 

Acute Respiratory Distress Syndrome (ARDS), acute respiratory 

failure, coagulopathy, septic shock, and metabolic acidosis, 

radiological evidence of ground-glass lung opacities 

compatible with atypical pneumonia etc. [10,11]. However, 

COVID-19 pandemic has been showing different biological 

effects on male and female since the emergence [12]. Since 

sex and gender related factors shape the primary and 

secondary impact of COVID-19, it plays fundamental roles in 

this regard [13]. Besides, the immune system of aged person 

are more prone to the viral attack [14]. Therefore, this review 

highlights how sex differences in association with age leverage 

the mechanism of immune system to combat COVID-19 in 

Bangladeshi people. 

Epidemiological evidence of gender and age - based 

differences in COVID-19  

Accumulating the data from different countries [15] including 

Bangladesh, the COVID-19 incidence and death rates are 

analyzed in gender and different age groups. The data 

(Figure 1) of COVID-19 confirmed cases show very little 

difference in the rate of infection among males and females in 

Germany, USA, and China. Whereas, in South Asian countries, 

there is a significant difference in the rate of infection between 

males and females. We found that males are more susceptible 

for COVID-19 disease in those countries of South Asia. On the 

other hand, we found opposite scenario in Italy and South 

Korea. Therefore, the sex and gender make a difference in the 

degree of fatality and severity to the disease in this regard.  

The reports from Australia highlight that infection rate are 

higher among males [16], followed by the similar trend in 

several countries of Europe [17]. On the contrary, 56% of 

females of South Korea and 51% of females in USA (Figure 1), 

62% of females in Netherlands, 63% in Belgium get infected 

though Case Fatality Rate (CFR) is lower [18]. In addition, the 

sex ratio also varies with age among COVID-19 patients. 

Recent data showed that the younger and older women (20-29 

years old and 80 years or older) are infected in higher rates 

than men whereas 0-9 years, 60-69 years and 70-79 years 

age groups constitute more cases in men [15]. But the mortality 

rates are higher in older men (60 years or above) in all the 

countries (Figure 3). Moreover, 58% men are died of COVID-

19 in Italy, 55% in USA and the evidence from the available 

sex disaggregated data clearly indicate that there is a male 

bias in COVID-19 fatality rates in most of the countries. 

Prevalence of comorbidities and comorbidities associated risk 

factors, such as smoking tobacco (36% for men and 7% for 

women) and alcohol consumption (10.5% for men and 2.3% for 

women) are reported to be more common in men (WHO), 

increasing the rate of death globally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: COVID-19 infection rate across different countries on the 

basis of gender. 

 

 

Figure 2: Global mortality rate with COVID-19 across different 

countries on the basis of gender. 
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Scenario of COVID-19 cases by age in Bangladesh 

SARS-CoV-2 confirmed cases by the age groups indicate that 

young and working-aged people (from 21 to 40 years) 

constitute the highest proportion (54.7%) of infected people in 

Bangladesh (Figure 3). The age distribution of coronavirus 

patients in Bangladesh is similar with India (which is 60% below 

age 50) but differs with the England, Germany and Italy. 

Comparatively young and working-aged people are affected 

by the COVID-19 (www.worldometers.info) due to young and 

working aged people in Bangladesh are involved in different 

volunteer services. Moreover, few people are reluctant to 

follow the guidelines (staying at home, use of mask, use of 

hand sanitizer) during the lockdown. In addition, daily wage 

earners, the low income people along with private sector job 

holders need to protect their livelihoods which added a 

percentage [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conversely, the severity of COVID-19 in older adults is notable 

which causes more than 60% of deaths among over 60 years 

of aged people (Figure 3). Underlying conditions, for instance, 

cardiovascular disease, diabetes, respiratory illness, higher risk 

behaviors (i.e., smoking and alcohol use) and other 

comorbidities raise the risk of severe COVID-19 and COVID-

19-related death in old people [20]. It is evident that COVID-

19 patients with associated risk factors had a higher mortality 

rates-10.5% for CVD, 7.3% for diabetes, 6.3% for chronic 

respiratory disease, 6.0% for hypertension, and 5.6% for 

cancer in Wuhan, China [21]. Moreover, a likely weaker 

immune system makes it harder for elder adults to fight off the 

viral infection as well [22]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scenario of COVID-19 cases by gender in Bangladeshi 

population 

This review also evaluates the current situation in the 

Bangladesh to determine whether the patterns of infection and 

mortality in male–female are similar to the above statistics or 

not. The data of active infection and death cases were 

retrieved from IEDCR. 

 
Figure 3: Comparative analyses of COVID-19 case fatality rates 

as percentage (%) by age group. 

 
Figure 4: Comparative analyses of percentage (%) of COVID-19 

case fatality rates by gender wise. 

 

 

Figure 5: The differential effect of sex hormone in sex biased 

mortality due to COVID-19 [50]. 
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The sex-disaggregated data of Bangladeshi population shows 

that infection rates and death rates are two-folds and four-

folds higher for men compared to women (Figure 4), similar 

with other countries.  

One possible explanation can be behavioral and social 

differences that favor women, for example, follow hand 

hygiene practices, lower proportion of smoking, use preventive 

care etc. [23,24]. Sex chromosome genes (XX and XY) together 

with sex hormones, including oestrogens, progesterone and 

androgens, also contribute to the differential regulation of 

immune responses in this regard [25]. Therefore, exploitation of 

sex associated factors can provide a novel insights into 

pathogenesis and therapeutic interventions of the disease [17]. 

In the context of SARS-CoV and MERS-CoV, men were also 

affected more severely than women [26,27]. 

Role of sex chromosomes, sex hormones and 

immunosenescence on progression of COVID-19 disease 

severity in Bangladeshi population 

Potential link of sex chromosomes and its related genes in 

SARS-CoV-2 infection: Females have two X chromosomes, 

males have one X and one Y chromosome. There are many 

immune related genes on the X chromosome that regulate both 

the innate and adaptive immune responses [28]. The X 

chromosome, X-linked genes and X Chromosome Inactivation 

(XCI) mechanisms contribute to the differences in diseases, 

socioeconomic and behavioral factors between men and 

women [29,30]. During development of embryo in female, one 

of the copies of X chromosome is inactivated in XCI [31]. It 

creates immunological differences between males who are 

haploid for the X chromosome and females who are functional 

mosaics for X-linked genes. For example, Toll Like Receptor 

(TLR) dependent signaling pathway increases during innate 

immune responses in our body [32]. When RNA viruses, such as 

SARS-Cov-2 evades, X chromosome encoded TLR7 gene may 

escape X chromosome inactivation. It leads to higher expression 

levels of TLR7 in females than males contributing stronger 

immune responses with faster viral clearance. In addition, X 

chromosome encoding TLR8, CXCR3, CD40L etc. immune 

regulatory genes contribute to higher production of type 1 

interferon genes. Type 1 interferon proteins are released by 

stimulation of virus in host [32-34].  

A sex difference is also reported with regard to cell mediated 

immunity components, for example, B cells, CD4+ T cells and 

CD8+ T cells [35]. Females typically develop higher antibody 

responses, higher basal immunoglobulin (Ig) levels and higher B 

cell numbers irrespective of their age [36]. Oestrogens 

stimulate B cell gene-expression to viral infections by 

upregulating B cells in females compared with males [37]. At 

the same time, male and female show different dynamics of 

CD4+ T cell subsets. Following viral attack, adult female are 

better protected by producing higher levels of T helper 1 

(Th1)-type cytokines (for example, IFNγ) than males [38]. On 

the contrary, increased level TNFSF13B, CCL14, CCL23, IL-7, 

IL-16, IL-18 are associated with causing cytokine storm, may 

lead to damage organ functions. Higher expression of these 

genes are evident in males, may justify the adverse outcomes 

with SARS-CoV-2 infection [39]. Higher levels of cytotoxic T cell 

(CD8+T cells) activity and antiviral genes (such as IFN-γ, RIGI, 

SPINK5, OAS1 and IFI6) and pro-inflammatory genes (for 

example, IL12RB2, IL1F5, CXC3CL1, CXCL2 and IL16) are also 

evident in women compared with T cells from men [40,41]. 

These may explain why female in comparison to male, clear 

viral load faster and affect the susceptibility. 

Furthermore, the X chromosome encodes approximately 10% 

of the total genomic miRNAs, which regulates the gene 

expression by degrading mRNA or by silencing the translation 

[25,42]. These sex chromosomes associated mechanisms 

increased susceptibility of SARS-CoV-2 infection in males of 

Bangladesh, above all worldwide. 

Impact of male and female sex hormones in COVID-19 

patients: Previous studies demonstrated that male sex hormone 

(testosterone) may trigger SARS-CoV-2 infection and disease 

progression whereas female steroid hormones (oestrogen, 

progesterone) may be responsible for lesser impact of COVID-

19 on female [43]. Immunological differences between men 

and women pertain to the possibility that androgen and 

progesterone hormone suppress the immune system while 

oestrogen hormone stimulate the immune responses. For 

example, Angiotensin-Converting Enzyme 2 (ACE 2), an 

essential entry receptor for SARS-CoV-2, is expressed in lungs 

along with Spermatogonia, Leydig and Sertoli cells. ACE2 is 

considered to modulate testicular function in COVID-19 

infected patients which may affect testosterone secretion, 
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though the pathway is not well established [44,45]. It inhibits 

the differentiation of T helper 1 (Th1) arm, an important 

effector cells that act against viral pathogens. Consequently, 

the reduced level of interferon gamma (IFN-γ), Interleukin-2 (IL-

2), Interleukin-10 (IL-10) and Tumor necrosis factor alpha/beta 

(TNF α/β) make men more vulnerable to SARS-CoV-2 

infections [46,47]. Besides, new coronavirus prime the spike (S) 

protein with the help of the cellular transmembrane serine 

protease 2 (TMPRSS2) proteins on our lung cells. The 

transcription of TMPRSS2 gene is modulated by the androgen 

receptor activity leads to the progression of COVID-19 disease 

[48,49]. TMPRSS2 inhibitors- nafamostat, camostat, 

antiandrogens, inhaled corticosteroids etc., are used as a 

therapeutic drug candidates for the treatment of COVID-19 

and these are currently in clinical trials for the development of 

effective drugs [50,51]. Interestingly, nicotine products, e.g., 

cigarettes, is supposed to increase the ration of androgen to 

estrogen and considered as one of the risk factors for the 

ARDS. Several SNPs found in the Epidermal Growth Factor 

(EGF) are directly linked with ARDS risks in male but no 

associations are evident in female. Therefore, men who smoke 

are associated with higher testosterone, in aggravating the 

infection [49,52].  

The two female sex steroid hormones: oestrogens (17β-

oestradiol, E2), and progesterone enable the efficient, intense 

and prolonged, innate and adaptive immune response in 

women [53]. Some experiments suggest that SARS-CoV-2 

utilize the interferon driven upregulation of ACE2 gene during 

lung injury [54]. Oestrogens downregulates X chromosome 

encoded ACE2 gene and turn on sex specific regulation 

[13,50]. E2 binds to either the oestrogen receptors alpha (ERα), 

highly expressed on T cells or oestrogen receptors beta (ERβ), 

highly expressed on B cells [55]. Thus, it raises the level of 

antibodies by stimulating the humoral response as well as 

regulates the development of T cells to viral infections. For 

example, X-encoded immune genes influences the 

overexpression of CD40LG (also known as CD154, a co-

stimulatory molecule) and CXCR3 (chemokine receptor) that 

leads to differentiation of Th1 arm. This hormone also elevates 

the level of Natural Killer (NK) cells [13,56]. A recent study 

showed that COVID-19 patients can also be protected against 

the disease not only by antibodies but also T-cell mediated 

immunity which was overlooked previously [57] (Figure 5). This 

hormone has also antiviral properties in different viral 

infections including HIV, Hepatitis C Virus (HCV), Ebola virus, 

and human cytomegalovirus (HCMV), elucidating the reason, 

why women are less prone to this virus [58]. 

Moreover, another female steroid hormone, progesterone 

restrains both innate and cell-mediated immune responses in 

the body. Like testosterone, the suppression of the Th1 by 

progesterone favors Th2 cytokine production. Eventually it links 

to the inhibition of cytotoxic T cells, and modulates the function 

of NK cells [55,59]. The above-mentioned actions of the steroid 

hormones may elucidate a potential mechanism of protection in 

females against SARS-CoV-2 infection. Another research 

showed that similar coronaviruses, MERS-CoV and SARS-CoV 

were found to infect more men than women [26]. Study of 

SARS-CoV infection in a mouse model revealed that male mice 

were more susceptible to infection than female mice. Therefore, 

the enhanced susceptibility of male mice to SARS-CoV 

correlated with extensive alveolar macrophages and neutrophil 

accumulation in the lungs [60]. 

Immunological and hormonal role in pregnant women with 

COVID-19: The data of pregnant women with COVID-19 from 

different countries showed relatively low mortality rate 

compared to the patients with hepatitis E virus, influenza A 

virus, SARS CoV, and MERS CoV [61]. Immune modulating 

hormones, cytokines and other anti-inflammatory endogenous 

ligands play important role in reducing the fatality of COVID-

19 during pregnancy. Pregnant women with COVID-19 were 

less likely to cause fever and myalgia compared to non-

pregnant women [62]. On the other hand, a report revealed 

that the rate of susceptibility to be infected by the SARS-CoV-

2 or other viruses are greater among pregnant women. But 

there is still no sufficient evidence to assist the underlying 

mechanisms [63]. To support the occurrence of less fatality 

among pregnant women with COVID-19, the possible 

mechanism lies in the immunological response during 

pregnancy. The maternal immunological system has triphasic 

shift. The first state, a proinflammatory in first trimester, is 

dominated by T-helper/Th-1 and Th-17 production. It causes 

overproduction of proinflammatory cytokines, including IL-1β, 

IL-6, Il-8, IL-12, TNF-α, chemotactic cytokines (IFNγ, eotaxin) 

and growth factors. The second state, anti-inflammatory state 
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in second trimester is marked by the production of Th-2 and T-

regulatory (Tg) cells and overproduction of anti-inflammatory 

cytokines, including IL-4, IL-5, IL-10, IL-13, and TGF-β. Some 

placental hormones (estriol, estradiol, progesterone, human 

chorionic gonadotropin/hCG, prostaglandins, corticosteroid) 

also augment the Th-2 anti-inflammatory response and inhibit 

the Th-1 cytokine secretion. Thus it reaches the third state, 

second proinflammatory state in the peripartum and 

postpartum period. It has been reported that the activation of 

immune response to SARS CoV-2 infection is mediated by both 

proinflammatory (Th-1) and anti-inflammatory (Th-2) 

mediators, resulting increased production of mixed type of 

cytokines and chemokines (IL-1ra, IL-2, IL-2R, IL-6, IL-8, IL-17, 

IL-10, TNF-α, IFNγ, M-CSF, granulocyte colony-stimulating 

factor/G-CSF) among COVID-19 patients. This bilateral 

immune activation during anti-inflammatory state (which is 

dominate during pregnancy period) may reduce the fatality 

rate among pregnant women with COVID-19. Another 

important factor for less mortality in pregnancy is that 

generally women become pregnant under the age of 40 years 

[61]. The role of age in the progression of COVID-19 disease 

is discussed further in later section.  

Immunosenescence: effects of aging on the immune system: 

Studies in Bangladesh and the other countries have shown that 

the mortality rates are higher for men than women in old age. 

Association of comorbidities with age is reported to influence 

the severity of the COVID-19 disease. The risk of benign 

prostatic hypertrophy is also notable in men above the age of 

50. Accumulating evidence suggests that increases of TMPRSS2 

in prostate cancer also intensify the risk of SARS-CoV-2 

infection [44,64]. On the other hand, immunosenescence causes 

reduction of B and T cells in bone marrow and thymus resulting 

malfunction of mature lymphocytes. Comorbidities such as 

diabetes, hypertension, respiratory diseases, cardiac diseases, 

renal diseases and malignancy etc. are more prevalent in the 

individuals aged of 50 years or older [65,66]. As a result, the 

compromised immune system in association with comorbidities 

cannot perform as robustly as the young individuals, explain 

the higher mortality rates in elder individuals. At the same time, 

older women have low female sex hormones, including 

oestrogen, as women’s body go through the menopause 

phases. Therefore, post-menopausal women are more at risk 

from COVID-19 than pre-menopausal women [67]. 

CONCLUSION  

In conclusion, the disparities in the sex, gender and age 

elucidate that why men in Bangladesh are more at risk of 

dying from COVID-19 disease. The differences in the immune 

system of male and female shows sex biased pathogenesis 

from COVID-19. Since three coronavirus outbreaks (SARS-CoV, 

MERS and SARS-CoV-2) have occurred within past twenty 

years, the sex specific immune response needs to understand 

clearly to decrease the case fatality rates in affected patients. 

Therefore, the gender biased impact of this disease should 

integrate as a biological variable in fundamental research and 

provide the treatment against the disease. 
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