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Abstract 

The virus SARS-CoV-2 causes COVID-19, the pandemic that has posed overwhelming effects on the global health and is 

causing millions of death worldwide. The virus spreads easily, and the majority of the world's population is still vulnerable to 

it. Research is happening at breakneck speed for vaccine development as it would provide some protection by priming our 

immune systems to fight the virus. About 240 vaccines are in early development, and 40 more in clinical trials with nine 

already in the final stage of testing on thousands of people. Globally, most countries have reported sex-disaggregated COVID-

19 data for cases, deaths or both. Notably, the data from several COVID-19 affected countries have pointed towards male-

biasness of the disease, severity being two-times lower in females. In this article, we have discussed why there could a 

possibility for biological sex to impact vaccine efficacy for COVID-19. 
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Introduction 

The virus SARS-CoV-2 causes COVID-19, the pandemic 

that has posed overwhelming effects on the global health 

and is causing millions of death worldwide [1]. Worldwide 

clinical and research data are unveiling several unknown 

facts related to disease pathogenesis, disease outcomes/fate, 

patient management methodologies, efficient vaccine 

strategies, risk/susceptibility factors, protection measures 

etc. The diversity of human population biology has posed 

significant challenges in understanding the disease 

dynamics of COVID-19. Proper understanding of the 

disease dynamics is very important for successful patient 

management and cure. Involvement of the immune system 

has been documented as the primary culprit forthe disease 

severity in COVID-19 patients [2]. Notably, the severity of 

‘cytokine storm’ in COVID-19 patients has resulted in 

derestricted pro-inflammation leading to damage in multiple 

organs, especially lungs. Multiorgan engagement at later 

stages of the infection has led to permanent damage and/or 

death. Much information on the immune-modulatory aspects 

of the virus on human beings is still lacking. 

 

The viewpoint 

Globally, most countries have reported sex-disaggregated 

COVID-19 data for cases, deaths or both [3]. On this context, 

it is very noteworthy to mention that data from several 

COVID-19 affected countries have pointed towards male-

biasness of the disease, severity being two-times lower in 

females [4]. Especially, it was noted that mortality was 

higher in males than females [5, 6].The influenza virus has 

also been called “the man flu”, as men suffer more than 

females (7).Similar male predominance was also observed 

in SARS-CoV and Middle East respiratory syndrome 

(MERS). Male-biasness for COVID-19 disease could also 

emerge from increased smoking and drinking habits that 

leads to vulnerability of the lungs, higher risk towards co-

morbid conditions of cardiovascular diseases and diabetes, 

higher health-care seeking behaviour etc. in males. Previous 

reports from animal studies of SARS-CoV indicated that the 

difference in male Vs Female mortality was due to the effect 

of sex hormones [8]. It is already known that the immune 

system is modulated by sex hormones, sex steroids, genetic 

characteristics and epigenetic makeup of the individual [9-12]. 

The immune system of plays vital role in progression of 

COVID-19 pathology, thus there is good scope for sex 

hormones to promote gender-biasness in the disease. 

Importantly, it was observed that COVID-19 patients above 

70 years of age show almost equal mortality among both 

sexes, advancing age having no significant effect on 

mortality among males and females [13]. 

The sex hormones, viz. testosterone, oestrogen, 

progesterone, follicle stimulating hormone (FSH), LH etc. 

have direct and/or indirect effects on immune cells 

functions. Males and females have variability in cellular 

signalling mechanisms, transcriptional immune signatures, 

cellular regulatory networks, epigenetic modifications. 

SARS-CoV-2 enters the human pneumocytes through 

angiotensin-converting enzyme type 2 (ACE2) receptors [14]. 

Interestingly, ACE2 receptor is X-linked and the ACE2 

variants have differential expression in both sexes [15, 16]. 

Oestrogen has a prominent role in modulating the immune 

system in a dose-dependent manner and also affects the 

expression of ACE2 [17]. Even smoking leads to higher 

ACE2 expression [18].Though detailed research is required, 

we can speculate that oestrogen can play a vital role in 

protecting females from COVID-19 disease and mortality.  

The innate immune response has crucial roles in COVID-19 

via sensing of the virus and early anti-viral responses. TLR-

7, that senses the viral RNA and induces immediate 

response, is also X-linked with bi-allelic expression in 

females [19, 20]. Thus, innate response can also present with 

gender-bias. For greater expression of TLR-7, there is 

increased production of type-I IFN (especially IFN-α) from 

plasmacytoid dendritic cells in females compared to males 
[21-23]. Notably, earlier experiments have shown that pre-

exposure to pegylated IFN-α results in increased lung 

protection from SARS-CoV in animals [24]. Interferons have 

also been shown to be important for COVID-19 pathology 
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[25]. On the other hand, anti-inflammatory effects of 

oestrogen against coronaviruses, in animal model, are well 

documented [8]. Low level of testosterone in aging men 

results in higher pro-inflammation (especially IL-6) and lead 

to increased lung damage risk [26], whereas testosterone 

deficiency is related to autoimmune disease. 

The scientific fraternity has fully focussed on the rapid 

innovation of therapeutic and prophylactic strategies to 

counter the spread of the disease. Gender bias has been well 

documented in inflammation and is mainly attributable to 

the factor that most immune regulatory genes are encoded 

by the X-chromosome, making females to be more 

immunologically potent [27-29]. Collectively, sex differences 

have significant differential effects on cytokine and 

chemokine production, gene expression of immune 

modulators, recruitment of immune cells (especially 

neutrophils), T and B cell activity, epigenetic accessibility, 

development of regulatory T cells etc. Therefore, it is quite 

natural that gender-bias will be recorded in inflammatory 

responses towards a COVID-19 and also have effects on the 

vaccination results. It is also known that females mount 

significant amount of antibody response to viral infections 

and vaccinations [30]. Notably, men with high testosterone 

levels and associated gene signatures demonstrated 

immunosuppressive effect to influenza vaccination [31]. 

Male-bias in COVID-19 patients has been reported from 

India [32]. A recent single-centre study from India has 

reported young age bias among 144 hospitalized patients 

with confirmed COVID-19. Notably, it was observed that 

93.1% (n=134) were males among the total of 144 patients. 

Another recent study reported inconsistent SARS-CoV-2 

IgG antibody generation in both sexes, with relatively 

higher levels in female patients [33]. Reportedly, biological 

sex has been an important deciding factor for the outcome 

of viral infection establishment, prophylaxis and treatment 
[30]. The percent reduction in disease incidence in a 

vaccinated population is called vaccine efficacy. The 

biological sex of an individual can impact acceptance, 

response and outcomes of a vaccine that can vary vis-à-vis 

with age [34]. Females have generally reported to develop 

higher levels of antibody responses and adverse effects 

following vaccination. Results of preclinical and clinical 

studies of vaccines could have impact of sex and gender 

variables. The influence of biological sex has been well 

studied for inactivated influenza virus vaccines that is 

administered annually [31]. Importantly, it has been 

suggested to include sex as an important variable for 

COVID-19 clinical trials and research [35]. The rapid 

increase in mortality rate has accelerated global efforts for 

vaccine development and implementation. With the rapid 

advent of vaccine development approaches in India, I 

strongly support that all investigators and policy makers 

should design the objectives of vaccines trials with special 

focus on male-female differences on immune responses that 

could directly or indirectly impact on such interventions. 
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