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ABSTRACT

SARS-CoV-2 has made the world come to a halt, causing unprecedented global protocols and rules being imple-
mented. Many different characteristics of this virus emerged early on. A notable characteristic that was noticed was
the disparity in COVID-19 severity between the two biological genders, with males having a significantly higher
fatality rate in comparison to females. As studies continue to understand this disparity, this literature review intends
to summarize a few of these findings. Research on these studies were found on public research engines like ScienceDi-
rect, Biology Medcentral, and PubMed. Papers were all peer reviewed. Another tool that was used was from the Global
Health 50/50 research initiative which provided sex dis-aggregated data on COVID-19 in all countries that had acces-
sible data. Studies have indicated that genetic factors, lifestyle factors, and “other” factors are all reasons for the
disparity. T-Cell and ACE2 protein amount difference in males and females have been suggested as possible reasons
for the discrepancy. Studies have also suggested that increased COVID-19 viral load also increases infection severity.
This is relevant as male attitudes towards COVID-19 public health guidelines are more relaxed compared to females.
Other possible factors that could play into this disparity is smoking, with active smokers having increased COVID-19
infection severity. This relates to the fact that the percent of male smokers is much higher than females. These lifestyle
factors are further supported by the fact that males have higher fatality rates in respiratory tract diseases including
SARS and influenza.

Introduction

The ongoing pandemic of SARS-CoV-2 has been an enigma for scientists, with many questions still without answers.
The spread of the disease has no doubt put a burden on the healthcare system around the world, as many countries see
infected individuals rise up at alarming rates. As of January 6th, 2021, the world has an estimated 87,015,526 cases
and 1,878,581 deaths from COVID-19.

One question that has risen is the gender disparity of COVID-19 fatality rates. Several studies and data on
this issue emerged early in the pandemic and continued to become more prominent. The research has strongly indi-
cated that males have a significantly higher fatality rate in comparison to their biological counterparts. According to
a June 2020 study in India, 71.4% of the deaths from COVID-19 in the Southern Indian State of Tamil Nadu were
males (Asirvatham et al, 2020). This data has been further supported by The Global Health 50/50 research initiative
which has sex dis-aggregated data on COVID-19. According to its research, as of January 11th, 2021 the proportion
of male to female deaths in confirmed cases in many of the world’s hotspots seems to indicate that COVID-19 is more
likely to prove fatal in males in comparison to females. As of January 11th 2021, the top 5 countries with the most
fatalities from COVID-19 where sex-disaggregated data is available have the following COVID-19 male-to-female
death ratio: U.S.A (1.27 male : 1 female), Brazil (1.06 male : 1 female), Mexico (1.71 male : 1 female), United King-
dom ( 1.49 male : 1 female) , Italy (1.4 male: 1 female) (COVID-19 Sex-Disaggregated Data Tracker. 2020). The
conclusion as of right now is that men face more severe consequences from COVID-19. Research that has been done
on this topic have proposed several reasons for why men have a higher fatality rate in comparison to women when
infected with the disease, including different body mechanisms, lifestyle choices, and immune system response to the
disease.
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Methodology

Research was conducted on several public research engines including ScienceDirect, Biology MedCentral, and Pub-
Med, with analysis on 19 papers. Furthermore, the initiative, Global Health 50/50, which provides sex-disaggregated
data on COVID-19 with extensive tracking, was an imperative tool in obtaining information of the gender disparity,
as its COVID-19 data tracker organizes national data of all countries, separating sex and age. Search terms for COVID-
19 related studies included COVID-19 gender differences, COVID-19 gender severity, COVID-19 gender impact.
Information on Pneumonia and other respiratory disease fatalities were found on the CDC National Vital statistic
reports, obtaining data from the year 2005, 2010, and 2015. Papers were all peer reviewed and relevant to the topic.

Genetic factors affecting gender disparity in COVID-19 fatality rates

T-Cell Difference Between Male and Females:

As studies have shown, it has been strongly suggested that females generally have stronger immune systems compared
to males, and thus are innately better at defending against pathogens. These immune responses are factors in why
males are more susceptible to COVID-19 in comparison to their biological counterparts. The first suggestion is the
difference in T-cell activation between males and females. T-cells are a part of the immune system response that play
an integral role in adaptive immunity, and thus in fighting off specific pathogens. According to a study which analyzed
SARS-COV-2 patients at Yale-New Haven Hospital between March 18 - May 9, 2020, it showed a variety of immune
responses that revealed a noticeable discrepancy between the two sexes. The study collected several samples including
urine, saliva, swabs, and blood and conducted several experiments on them. A notable difference was in the amount
of T cells between male and female patients (Takahashi et al, 2020). Female patients had an increase in activated T
Cells (P value = 0.03) in comparison to Male patients, most notably in the amount of activated CD38 T cells, PD-1,
TIM-3 T cells, and HLA-DR-positive T cells, which were significantly increased in comparison to Male patients.
Furthermore, results showed higher levels of certain cytokines and chemokines, including IL-8 and IL-18, in male
patients, another indication of an increase in severity in COVID-19 in male patients (Takahashi et al, 2020). Both
Cytokine IL-8 and IL-18 are responsible for recruiting white blood cells and other immune cells at infection locations,
therefore, an increase in these cytokines are a reflection of higher white blood cell count (Takahashi et al, 2020). It is
noted however, that when adjusted for BMI and age, the analysis showed comparable levels of Cytokines IL-8 (p
value = 0.44) and IL-18 (P value = 0.98) among male and female patients. The cytokine CCL5 however, was higher
among male patients (P value = 0.02). Cytokine CCLS5 is a type of chemokine which has pro-inflammatory effects
(Culley et al, 2006), and therefore an increase in this Cytokine will cause a strong inflammatory response. Researchers
also found that poorer activation of T cells increased with age for male patients but was not seen in female patients.

Angiotensin Converting Enzyme 2 (ACE2) receptors in Male and Female:
Another immune system response that plays a role in the discrepancy between male and female COVID patients is
the ACE2 receptor (Yang et al, 2020). ACE2 are transmembrane enzymes located on both the cell membranes of a
variety of organs, including, but not limited to: the lungs, stomach, small intestine, and brain (Hamming et al,
2020). The main function of ACE2 is to aid in blood regulation and facilitates amino acid transport. It also acts as a
protective pathway for heart complications including hypertension, and lung disease (Gheblawi et al, 2020).
However, ACE2 is beneficial in that it has protective properties, especially in counteracting COVID-19.
ACE2 plays a role in deactivating the renin-angiotensin system. This involves ACE2 converting Ang II, a peptide
which increases blood pressure, blood volume, and also inflammatory responses, including cytokine pathways, into
Ang (1-7), which is a peptide with anti-inflammatory effects, thus having protective properties. (Viveiros et al, 2020)
(Benigni et al, 2020).
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ACE?2 are also the primary receptors for SARS-COV and now SARS-COV-2, as the RNA virus’s spike S1 protein
binds to the ACE2 receptors (Mclachlan, 2020), which results in the viral entry into the cell, thus causing the infection.
Studies have suggested that the mechanism of this binding involves the receptor binding domain of the spike S1
protein attaching to the tip of the ACE2 receptor. Membrane fusion then occurs between the virus and host cell, and
viral RNA is released into the cytoplasm (Wentao et al, 2020). These studies have also indicated the ACE2 receptors
as the reason for why infections are located in specific parts of the body. First, it explains that the ACE2 is mainly
expressed in certain epithelial cells in the body that are consistent with where the virus mainly enters. One example
being both type I and II alveolar epithelial cells (Wentao et al, 2020).

Recent studies have shown how differences in ACE2 expression in males and females could play a role in
the severity of COVID-1. The ACE2 enzyme is an X-linked gene, which females have double of. Although one X
chromosome tends to mostly be inactivated to prevent duplication, the ACE2 is an escape gene, and thus females have
double the ACE2 (Viveiros et al, 2020). Furthermore, estrogen, the sex hormone found mainly in females, have been
noted to activate and inhibit certain parts of the RES system, which the ACE2 acts on, and also helps upregulate ACE2
expression. Females therefore have an ACE2 upregulation mechanism when infected because of hormonal and genetic
factors (Gagliardi et al, 2020).

As a result, studies have shown that this could be a possible factor in why males are more susceptible to
COVID-19, giving females more protective properties against fighting the disease (Viveiros et al, 2020).

Lifestyle factors affecting gender disparity in COVID-19 fatality rates

Smoking:

Latest data has shown that smoking is a possible factor in the progression of COVID-19. Smoking can weaken the
immune system and have effects all across the body (Centers for Disease Control and Prevention, 2020). Meta-analysis
conducted by several researchers showed that there was weak data between smokers and risk of COVID-19 infection.
Studies have indicated that this reason could be because of the upregulation of ACE2 expression found in smokers,
although this has been challenged (Cai et al., 2020). As mentioned above, ACE2 are the host receptors for the SARS-
CoV-2 virus which leads to infection (Lippi & Henry, 2020). However, unlike females, the increase in ACE2 expres-
sion for smokers makes these individuals more susceptible to the disease. This is due to the fact that females see an
upregulation of ACE2 in response to infection, which has anti-inflammatory effects. In smokers however, the in-
creased ACE2 expression makes it easier for the SARS-CoV-2 virus to bind to cells. This therefore suggests that there
is a possible correlation between smoking and risk of SARS-CoV-2 infection (Lippi & Henry, 2020). Several re-
searchers have found that smokers had an increase in severity of COVID-19 in comparison to non-smokers. Through
their meta-analysis, which included the characteristics of 11322 COVID-19 patients, certain correlations were found.
Studies classified whether cases were severe or not by categorizing them. Cases that were severe meant: Critical,
required ICU care, or fatal. Mild to moderate cases meant: common type, non-severe, did not require ICU care. Ac-
cording to the study, the prevalence of smokers in patients that were classified as mild to moderate COVID-19 was
2.9%, whereas in severe cases it was 5.8%. It also found that COVID-19 disease was severe in 10.7% of nonsmokers,
while it was severe in 21.2% of cases in active smokers (P = 0.008). The analysis also found that the prevalence of
patients that had a history of smoking was 5.2% in non-severe cases and 12.5% in severe cases (P<0.001). An increase
in COVID-19 severity can be seen in the data of patients who are active smokers and patients only with a history of
smoking. Severe COVID-19 cases were approximately 2 times higher in patients who were active smokers compared
to non-smokers and 2 times higher in patients with a history of smoking in comparison to patients without a history
of smoking (Giilsen et al, 2020). According to the CDC, 15.3% of Males in the U.S were current smokers in 2019,
while 12.7% of females in the U.S were current smokers in 2019 (Centers for Disease Control and Prevention, 2019).
The difference is greater worldwide, with data gathered by WHO in 2010 which have indicated that 40% of males
were active smokers, compared to 9% of females. Thus, smoking could be a possible factor in why the prevalence of
severe COVID-19 cases are higher in males in comparison to females. (World Health Organization, 2019)
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Attitudes:

Lifestyle choices and attitudes have also been suggested as a reason for why males are more susceptible to the virus
in comparison to females. As studies have indicated that there is a correlation between the dosage of COVID-19 and
the severity, there is a possible link between the attitudes of males towards COVID-19 and the discrepancy between
the two biological genders in terms of severity of COVID-19. Studies conducted early in the pandemic have shown
that males were less serious about COVID-19 in comparison to females. To obtain its data for the study, two surveys
were sent out to 8 countries across the globe (U.S, UK, Australia, Austria, France, Germany, Italy, and New Zealand),
one sent out on the 16 - 30 of March 2020, and another sent out on 15-20 April 2020. A total of 21,649 people
responded for both surveys (Galasso et al, 2020). Respondents were asked how serious they were towards the health
consequences of COVID-19, whether they agreed with public health policies, which include: closing school, limiting
non-essential travel, closing non-essential businesses, imposing quarantine, and shelter-in-place. Respondents were
also asked about their level of compliance to COVID-19 and its social distancing rules, which include wearing face
masks, washing hands, social-distancing, and avoiding crowded places. According to its data, by mid-April, 40% of
females considered COVID-19 a serious health problem, while 33% of male correspondents considered it a serious
health problem. Furthermore, by mid-April, survey data showed that 78% of females followed public-health recom-
mendations, in comparison to 72% of males (Galasso et al, 2020). Males therefore took less precautions towards
COVID-19 as opposed to females. This data is useful as we understand that there is a correlation in dosage of SARS-
CoV-2 and its severity.

Other factors affecting gender disparity in COVID-19 fatality rates

Dosage of COVID-19:

Researchers have also found that viral load of COVID-19 also has a positive correlation with the severity of the
infection, thus also being a possible factor that affects the gender disparity in mortality rates. A recent study analyzed
a total of 235 participants who were either hospitalized with COVID-19, considered symptomatic patients, or had
recovered from the disease. The research was conducted through a thorough analysis of COVID-19 respiratory tract,
plasma, blood, nasopharyngeal swabs and urine viral loads. Some limitations however were that a limited number of
sputum tests due to many patients not able to generate a sample. Furthermore, the sample size of the number of par-
ticipants was quite small and a larger study size would be needed in the future. The data observed that in each indi-
vidual patient, showed a higher prevalence of the COVID-19 plasma viremia in hospital patients with severe symp-
toms in comparison to the other groups. Furthermore, the level of viremia prevalence also corresponded to the disease
severity and degree of inflammation (Fajnzylber et al, 2020). Disease severity and degree of inflammation was also
associated with low lymphocyte count, higher counts of Interleukin-6, increased levels of inflammatory cytokines IL-
8, and increased levels of interferons. Research also discovered that patients with detectable plasma, nasopharyngeal,
or sputum viral loads had a noticeable higher count of Interleukin and lower counts of lymphocyte compared to pa-
tients with undetected plasma, nasopharyngeal, or sputum viral loads (Fajnzylber et al, 2020). The data compared the
plasma viremia of patients at the time of initial sampling, and the eleven participants who died, all had significantly
higher levels of plasma viremia. This is imperative as it could link towards the gender disparity in the severity of
COVID-19. As discussed later, male attitudes towards COVID-19 are less serious than females, and that a smaller
percentage of males follow public health guidelines in comparison to females. This enhances the possibility of in-
creased viral dose when exposed to COVID-19 for males, which possibly then correlates to an increase in severity of
symptoms when infected with COVID-19. Therefore, could be a possibility in why males are more susceptible to
COVID-19 in comparison to females.

ISSN: 2167-1907 www.JSR.org 4



HIGH SCHOOL EDITION

@ Journal of Student Rescarch Volume 10 Issue 2 (2021)

In Line with Other Respiratory Tract Diseases:

The trend of Men being more susceptible to respiratory tract diseases has been apparent in other coronavirus outbreaks,
such as SARS (Severe Acute Respiratory Syndrome) and MERS (Middle East Respiratory Syndrome). Data extracted
from the SARS pandemic between early March to late September 2003 showed that Males had a 21.9% fatality rate
compared to females who had a 13.2% fatality rate (P <0.0001) (Karlberg et al, 2020), therefore strongly suggesting
that Males faced more severe effects from SARS.

This is somewhat similar to what is seen in MERS, as data between 2012-2019 in Saudi Arabia shows that
males made up 70.07% of fatalities, while females made up 29.93% of fatalities. (Khan et al, 2020). However, it must
be noted that males made up 69.1% of infected patients, while females made up 30.9%, indicating mainly a strong
disparity between the number of cases rather than mortality rates. Note that this data was similar to a 2015 data analysis
of MERS cases in South Korea, which saw a ratio of 1.70:1.

Another infection that follows this trend is seasonal influenza. According to the National Vital Statistic re-
ports of 2005, 2010, and 2015, age-adjusted deaths caused by influenza/pneumonia all have displayed a higher death
ratio among males in comparison to females. The ratio between male-to-female for 2005, 2010, and 2015 were (1.3 :
1), (1.4:1), (1.3 : 1), respectively (Kung, 2005; Murphy, 2010; Murphy, 2015). The parallel between the respiratory
diseases have strongly signified that there is a noticeable disparity in respiratory tract disease deaths between males
and females and suggests that men are more susceptible to general respiratory diseases in comparison to females, not
just with SARS-CoV-2.

Conclusion

COVID-19 continues to affect millions of lives across the world. The spread of this virus continues to be rapid, due
to its complexity and its unpredictable severity of infection from person to person. The mechanisms and components
of the COVID-19 virus will continue to be studied for many years to come, which will help answer the questions of
SARS-CoV-2. As the mass rollout of vaccines continues in many countries, other therapeutic agents could be devel-
oped to further fight against this virus. However, these therapeutic agents would have to adjust to the unpredictable
severity levels of the virus for different patients. Many different factors seem to play into the severity level, including
gender. COVID-19 has had a higher fatality rate on Male in comparison to their biological counterparts. Through
meta-analysis of studies and research that has been done on this topic, a series of explanations could help us in under-
standing the disparity that is going on. It can be argued that all these explanations could factor into why males face
more serious symptoms when infected with COVID-19 in comparison to females.

Difference in Immune response, and lifestyle/attitudes towards COVID-19 are all likely factors in the dis-
crepancy in case severity between males and females. The ACE2 (Angiotensin Converting Enzyme 2) receptor, which
is the host receptor cell for the SARS-CoV and SARS-Cov-2 virus, was a factor in the discrepancy of both non-
smokers/smokers and male/female patients in terms of severity of COVID-19 infection. This is largely due to the
protein's benefits and disadvantages. While an increase in ACE2 causes more susceptibility to COVID-19, an upreg-
ulation during infection is beneficial due to ACE2’s blockage of the RAS pathway, and producing anti-inflammatory
effects. Thus, research into ACE2 and steps we can take with the protein would be vital for combatting different
viruses in the future.

The gender discrepancy in case severity for COVID-19 infections is important because it gives a better un-
derstanding on different treatment methods and establishing that there is a difference will further aid in combating
future viruses. To add on, it gives us a better understanding of the immune system and its response to pathogens,
which will aid in future development of therapeutics and other medicine.
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Limitations

Limitations in some of these studies are that the sample size of the findings were quite small for a few of the studies.
Specifically, the Research at Yale-New Haven Hospital on viral dosage. The study sample was only 235, and so future
studies with a larger study size would be needed. Another limitation was the study of the gender difference in attitudes
towards COVID-19 (Galasso et al, 2020). The survey was conducted in March 2020 and April 2020, and as the disease
has still persisted in many countries, attitudes towards the virus have possibly changed. One other limitation is that
SARS-CoV-2 is still a fairly new disease and so many studies on this virus will need to be conducted in the future in
order to have conclusive evidence to support or disregard the notions that have been suggested into why there is a
discrepancy in COVID-19 infection severity between males and females.
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