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Sexual Dimorphism in the Susceptibility to Infections:
“Being a Male is a Risk Factor” for SARS-Cov-2 Infection

Sudip Datta Banik

Department of Human Ecology, Cinvestav del IPN, Merida, Yucatan, Mexico

KEYWORDS COVID-19. Male. Female. Sex Difference. Evolution

ABSTRACT Sex difference in the susceptibility to infections by pathogens such as virus, bacteria, fungi and
protozoa is reported by the scientists from medicine, epidemiology, immunology, molecular biology, and human
genetics. Presently we are facing COVID-19 pandemic and higher prevalence of the disease is observed in men
compared to women. The present essay is based on some previous reports from the fields of research mentioned
above. Sexual dimorphism is a product of organic evolution and natural selection. Sex differences in size and shape
are favorable for the females with higher plasticity than males. Differential intensity and prevalence of COVID-
19 in men and women can be studied in the human ecological perspective that may associate demographic,

biological, socio-cultural, and behavioral factors.
INTRODUCTION
COVID-19 Outbreak

The COVID-19 pandemic caused by the se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) started in December 2019 and num-
ber of confirmed cases reached 4,098,017 global-
ly till 12t May 2020 (From the website of World
Health Organization or WHO <https://covid19.
who.int/> Retrieved on 12 May 2020). The high-
est number of confirmed cases was recorded in
the United States of America (U.S.) (1,298,287),
followed by the Russian Federation (232,243),
Spain (227,436), the United Kingdom (U.K.)
(223,064), Italy (219,814), Germany (170,508), Tur-
key (139,771), France (137,491), Brazil (162,699),
and Iran (110,767): the countries where more than
100,000 cases have been confirmed. In China,
number of confirmed cases reported was 84,451,
followed by India (70,756), Canada (69,156), Peru
(67,307), and Belgium (53,449). COVID-19 con-
firmed cases ranging between 20,000 and 50,000
were recorded in several countries including Ire-
land, Sweden, Portugal, Ecuador, Switzerland,
Mexico, and Netherlands. Relatively lower num-
ber of cases (total: 32,953) were reported from the
46 African countries that included 7,572 cases
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from South Africa (information available up to 5
May 2020). Afew African countries (Algeria, Cam-
eroon, Ghana, Guinea, Ivory Coast, Nigeria, and
Senegal) reported number of cases between 1,000
and 5,000 (WHO 2020a). The pathogenesis of
COVID-19 is known (Rothan and Byrareddy 2020).

The number of deaths due to COVID-19 has
reached 283,272 globally (From the website of
WHO <https://covid19.who.int/> Retrieved on 12
May 2020) (Fig. 1). The highest number of deaths
was reported from the U.S. (78,652), followed by
the U.K., Italy, Spain, France, and Brazil. Total
number of deaths crossed 10,000 in these coun-
tries. There were several other countries where
death tolls recorded were more than 1,000 but
below 10,000 that include Belgium, Germany, Iran,
Netherlands and others (Fig. 2). Huge data are
available on the official websites of WHO and
Centers for Disease Control and Prevention (CDC)
where country-wise daily updates are given on
confirmed cases, recovered and deaths in COV-
ID-19. In this public health issue, severe socio-
economic disruption is a serious concern.

In most of the countries, outbreak of COVID-
19 shows similar pattern that number of confirmed
cases and deaths sharply increased in March and
April this year. For example, the patterns in the
U.S. and Mexico were similar (Figs. 3aand 3b). In
the U.S., the pandemic started in the third week of
January with 7 confirmed cases in that month. On
29 February, number of accumulated cases was
62. By 15 and 31 March, the accumulated num-
bers crossed 1,714 and 140,640 respectively. By
15 and 30 April, the numbers crossed 578,268 and
1,003,974 respectively. Until 12 May the total
number of confirmed COVID-19 cases in the coun-
try was 1,298,287 (Fig. 3a) (From<https://



SEXUAL DIMORPHISM IN SARS-COV-2 INFECTION

13

Brazil 11123
France 26600
spain | 26744
taly [ 30739
The United - 32065
Kingdom S
Global 283272
0 50000 100000 150000 200000 250000 300000

Fig.1. Number of death toll due to COVID-19 (global and the countries with more than 10,000 cases)

Source: https://covid19.who.int/ (Retrieved on 12 May 2020)
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Fig. 2. COVID-19 death toll in the countries
Source: https://covid19.who.int/ (Retrieved on 12

with between 1,000 and less than 10,000 cases
May 2020)
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covidl19.who.int/region/amro/country/us> Re-
trieved on 12 May 2020). Information on the dif-
ferences in the prevalence of COVID-19 cases by
age, sex, and ethnicity are not available in details
from the countries. According to CDC (From <ht-
tps://www.cdc.gov/coronavirus/2019-ncov/cas-
es-updates/cases-in-us.html> Retrieved on 12
May 2020), COVID-19 infected cases by ethnici-
ty in the U.S. showed that Native Hawaiians and
Pacific Islanders were least affected (0.3%); then
in the order of higher prevalence recorded among
American Indians (1.1%), Asians (4.9%), miscel-
laneous groups (13.8%), Black African Americans
(27.5%), and Whites (52.4%). In the U.S. popula-
tion, almost 76.5% people are the White Ameri-
cans, 13.4 percent Black Americans, 5.9 percent
Asians, 1.3 percent Native Americans, 0.2 percent
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Pacific islanders, and others include 2.7 percent
(From the United States Census Bureau page <ht-
tps://www.census.gov/quickfacts/fact/table/US/
PST045218> Retrieved on 12 May 2020).

Epidemiological data of COVID-19 in Mexico
indicate that up to 12" May 2020, a total number
of 44,995 confirmed cases have been reported,
and 4,778 deaths. Of the total confirmed cases,
58.39 percent correspond to men and 41.61% to
women (From the official website of the Federal
Government of Mexico <https://coronavirus. gob.
mx/datos/> Retrieved on 12 May 2020). In Mexi-
co, first confirmed case of COVID-19 infection
was diagnosed on 8" January 2020. There was a
steep rise from 13 accumulated cases on 29" Feb-
ruary to 2,495 cases on 31 March and 27,668 on
30" April (Fig. 3b).
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Fig. 3a. Outbreak of COVID-19 in the U.S.

Source: https://covid19.who.int/region/amro/country/us (Retrieved on 12 May 2020)
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Fig. 3b. Outbreak of COVID-19 in Mexico

Source: https://coronavirus.gob.mx/datos/ (Retrieved on 12 May 2020)
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Objectives

In this background, the objectives of the
present study were:

1) To observe sexual dimorphism in the sus-
ceptibility to SARS-CoV-2 infection.

2) To explain the phenomenon of sex differ-
ence of SARS-CoV-2 infection in the light
of epidemiology, molecular biology, and
evolution.

METHODOLOGY

The adopted methodology was to review the
information of COVID-19 available in different
official websites, recently published articles on
COVID-19 and other publications related to evo-
lution of sexual dimorphism among humans. This
essay addresses in general, a perspective of hu-
man sexual dimorphism in immune response, tak-
ing the current COVID-19 epidemic as its starting
point, based on some available reports and re-
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views (Ghosh and Klein 2017; Jaillon et al. 2019;
Klein and Flanagan 2016; Libert et al. 2010).

OBSERVATIONS AND DISCUSSION
Gender Bias in Covid-19

Are Men More Susceptible to Getting or Dying
from COVID-19?

High prevalence of COVID-19 positive cases
among males is not an isolated case since epide-
miological data from other diseases have shown
that males are more susceptible to infections by
various pathogens. Reports from 50 countries
(From <http://globalhealth5050.0rg/covid19/>
Retrieved on 12 May 2020) have also shown high-
er prevalence of COVID-19 confirmed cases
among male patients. A pattern of sex difference
in the prevalence is shown in Figure 4. Higher
prevalence of COVID-19 confirmed cases in male
patients (>50%) was reported from 22 countries.
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Fig. 4. Sex difference of COVID-19 confirmed cases in some countries
Source: http://globalhealth5050.0rg/covid19/ (Retrieved on 12 May 2020)
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Mean value of prevalence in men (61%) was higher
than in women (39%). Equal prevalence (50%) in
male and female individuals was reported from
Argentina, Australia, Norway, and Iceland. High-
er rates of confirmed COVID-19 cases in female
patients (>50%) compared to males (<50%) were
recorded in 24 countries (mean values among fe-
males 56% and males 44%). Similar reports of
greater number of COVID-19 cases in men than
women are available from other countries includ-
ing Iran (Nikpouraghdam et al. 2020) and China
(Chenetal. 2020).

Global data from 36 countries (From <http://
globalhealth5050.0rg/covid19/> Retrieved on 12
May 2020) reveal that male-to-female ratio of
death in COVID-19 s ranging from lowest 1.0 (Pa-
kistan, Canada, Iran) to highest 3.2 (Greece) and
other countries in between (for example, 1.8 in
Italy, Spain, and Belgium). The values from 1.4 to
1.7 have been recorded in many countries includ-
ing Germany, South Africa, Argentina, Peru, Mex-
ico, China, and Ecuador. Reports on deaths due
to COVID-19 from Spain (Total: 26,621, males 57%,
updated on 10.5.2020) (From< https:/Aw. mschs.
gob.es/profesionales/saludPublica/ccayes/aler-
tasActual/nCov-China/documentos/Actualiza-
cion_101 COVID-19.pdf> Retrieved on 12 May
2020), and Italy (Total: 27,995, males 61%, last
update on 7" May 2020) (From< https://www.
epicentro.iss.it/coronavirus/bollettino/Report-
COVID-2019_7_maggio.pdf,> Retrieved on 8 May
2020), showed higher numbers in males compared
to females. A systematic review and meta-analy-
sis of 13 articles published in 2020 from China
(total 3,027 patients) also reported similar trends
of higher prevalence of death among men (Zheng
et al. 2020). People with some chronic diseases
like diabetes, cardiovascular and respiratory dis-
orders and of advanced age were more vulnera-
ble than young individuals in this pandemic
(Jayawardena et al. 2020; Yang et al. 2020). Smok-
ing was reported to be significantly associated
with severity of the disease (Garufi et al. 2020;
Zheng et al. 2020).

Sex Differences in the Susceptibility to
Infections

The pandemic caused by the etiological agent
SARS-CoV-2 isan RNA (ribonucleic acid) virus.
According to the official data, it has been ob-
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served that males present higher number of pos-
itive cases compared to the cases reported among
females. Recent studies reported male-to-female
ratio 1.93:1 (Nikpouraghdam et al. 2020). Previous
reports indicate that males are more susceptible
to different infections by pathogens such as vi-
rus, compared to females, which has been stud-
ied in other mammals, birds, and reptiles. Astudy
reported male mice were more susceptible to
SARS-CoV infection compared to age matched
females (Channappanavar et al. 2017). Females
showed stronger immune response than males.
Studies reported that intensity and prevalence of
viral infections were higher in men, however, dis-
ease outcome might be worse inwomen (Klein 2012).
Behavioral factors are also responsible for the expo-
sure to virus. For example, women are at greater risk
of HIV and gonorrhea infections from sexual inter-
course with an infected partner than men. There-
fore, social and cultural contexts are also intimately
associated with epidemiological issues.

But what is known until now? Epidemiologi-
cal studies have shown that there is a greater
susceptibility and mortality to viral diseases
among males, from infancy to adulthood com-
pared to females. Evidence so far shows that fe-
males develop a much stronger innate and adap-
tive immune response than males. In general, fe-
males have been shown to be less susceptible to
infections caused by some bacteria, viruses, par-
asites, and fungi such as Staphylococcus spp.,
Mycobacterium tuberculosis, parainfluenza vi-
rus, hepatitis B, Entamoeba histolytica, and As-
pergillus fumigatus. In case of virus, a wide vari-
ety of studies have been reported, such as HIV,
vesicular stomatitis virus (VSV), hantavirus, in-
fluenza virus (H1N1), and hepatitis C virus, among
others. Diseases caused by these pathogens have
become highly relevant due to their importance in
public health.

Due to its importance in the field of health,
studies in immunology, cell biology and genetics
have been developed in order to understand the
causes and mechanisms underlying the differen-
tial effects of viral infections in male and female.
The main differences of disease susceptibility
between genders are due to genetic factors
caused by the sex chromosomes, epigenetic fac-
tors, sex hormones (estrogens, progesterone, and
androgens), extragonadal factors and the reduc-
tion of genetic dose due to the inactivation of X
and 'Y chromosomes (Libert etal. 2010).
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According to what has been reported so far,
sex chromosomes have important roles in the im-
mune response, since several genes related to
the immune response are associated with the X
chromosome (Klein and Flanagan 2016). In addi-
tion, several genetic factors, linked to the X chro-
mosome have been found to be responsible for
the hyper-response of immune system in female.
However, despite presenting advantages in the
response to pathogens, women have disadvan-
tages due to the high prevalence in autoimmune
diseases compared to men, in addition to being
more likely to develop some types of cancer in
children and adults. Gender bias regarding ge-
netic polymorphisms in relation to the autoim-
mune diseases are also reported. Sex-related ge-
netic and immunological differences contribute
to systemic lupus erythematosus (SLE), a well-
known chronic inflammatory autoimmune disease
(Weckerle and Niewold 2011).

Differential actions of sex steroids in men and
women influencing the functions of immune cells
are also known. Sexual dimorphism in the immune
response occurs from embryonic development
and is maintained throughout the life of an indi-
vidual due to the actions caused by the presence
of gonadal hormones such as estrogen and test-
osterone. Studies under controlled conditions
demonstrate that the levels of these hormones
differentially alter the expression of genes in-
volved in the innate and adaptive immune re-
sponse. However, the studies are complicated by
the impacts of non-biological factors such as social
behavior, habitat, and diet.

Sexual dimorphism in the adaptive immune
response has been reported (Jaillon et al. 2019).
The innate immune response is the first line of
defense response against infections of any virus
and Pattern Recognition Receptors (PRRs) that
are expressed by cells of the innate immune sys-
tem show sex difference. Some toll-like receptors
(TLR),suchas TLR3, TLR7, TLR8 can recognize
viral components like dsSRNA, ssRNA. The PRRs
are of great interest; among them TLR signaling
pathways leading to type I interferon (IFN) se-
cretion stand out, where it has been observed
that females present around 10 times higher ex-
pression of TLR than males. Higher expression of
TLR 7 (which mainly recognizes RNA fragments)
has been observed in females, in contrast TLR 4
(which recognizes bacterial lipopolysaccharide or
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LPS) expression is higher in males (Libert et al.
2010). Higher expression of antiviral and pro-in-
flammatory genes and increased cytotoxic activ-
ity of T cells have been observed in females. In
humans, particularly lower number of CD4+ cells
(cluster of differentiation 4) and lower ratio of
CD4+: CD8+ have been observed in males com-
pared to females. Based on the situation we are
currently experiencing due to the COVID-19 pan-
demic and due to the higher prevalence among
males, epidemiological data may open a field for
the study of immunological differences at the
genetic, cellular, and biochemical levels, expressed
in both sexes in order to have a better under-
standing of the immune response to the pathogen
SARS-CoV-2.

Sexual Dimorphism: AProduct of Evolution

Sexual dimorphism is a product of organic
evolution and natural selection. There are onto-
genetic factors that cause morphological differ-
ences between sexes. The variability of these
ontogenetic processes leads to the existence of
sexual dimorphism associated with size as an evo-
lutionary response to various factors that include
territoriality, competition and the distribution of
resources (Smith 1999). Patterns of change in size
and shape in humans in terms of body proportion
and body composition during gestation to birth
and to adulthood, large and complex brain can be
explained by evolution and the interactions be-
tween genetic and environmental factors (Frayer
and Wolpoff 1985). Different scientists had pro-
posed hypotheses explaining sex differences in
size and shape (for example, height and body fat-
ness demonstrated by the somatotypes). Intra-
and inter-sexual differences are evident through
reproductive success (Berns 2013). Sexual dimor-
phism in humans therefore, ranges from molecu-
lar to morphological levels that are socially and
culturally defined. Sexual selection, preference of
healthy and attractive mates influences female
fecundity. Differences in primary and secondary
sexual characteristics, size, shape, complexion,
behavior, socioeconomic and cultural factors in-
fluence sexual selection and enhance competi-
tion between peers of same and opposite sex.

Reduction of sexual dimorphism through evo-
lution is evident from differential anatomical di-
mensions of the fossil remains of our male and
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female ancestors. Plethora of reports are avail-
able on sex differences in size, robustness, rough-
ness, muscular insertions of bones in skeleton,
paleo diet, infections, and diseases (Turbon 2006).
Fossil remains of Australopithecines (between 4
and 1 million years ago) evidenced sex differenc-
es in size and body weight. Males were taller and
heavier (approximately 140 cm and 40 kg respec-
tively) in comparison with female peers (115 cm
and 30 kg respectively) (Arsuaga et al. 2000; Reno
etal. 2003; Turb6n 2006). However, species level
differences were reported from different regions.
From genus Homo onward (Homo habilis, Homo
erectus and others: 2 to 0.2 million years ago), sex
difference of size (between 10 and 20% across
populations) was becoming like our recent spe-
cies (Homo sapiens sapiens) that varies with ge-
netic, socioeconomic backgrounds and differen-
tial nutritional status in men and women. Further
reduction of sexual dimorphism (6.3%) had been
observed in advanced species like Homo nean-
derthalensis (300,000 to 28,000 years ago approx-
imately). Homo sapiens appeared (150,000 years
ago approximately) with much reduced sexual di-
morphism in size (average height of males 170 cm,
females 160 cm) that was nearly 5.9 percent (Larsen
2003). Reduction of sexual dimorphism in size and
shape; lower height and higher body fatness in
women are the products of human evolution that
can be interpreted as “adaptive canalization” where
larger sized sex has less plasticity and fitness com-
pared to smaller sized sex (Berns 2013; Fairbairn
2005). Smaller size of females with broad pelvis, wide
birth canal and higher adiposity in gluteofemoral
region help in the protection of fetus and delivery of
offspring. Therefore, sexual dimorphism resulted
through evolution is favorable for the females with
higher plasticity than males.

In this background, sexual dimorphism in the
susceptibility to infections can be studied in hu-
man ecological perspective, as a problem of hu-
man biology (molecular to morphological levels)
and behavior that appears in the species Homo
sapiens sapiens. Differential social, economic and
behavioral factors are also important that might
be studied in both biological and social anthro-
pological perspectives. In general, lifestyle hab-
its of men like higher smoking, alcohol consump-
tion and other behavioral aspects compared to
women vary in different societies.

Sex-ratio (often used as female to male ratio or
FMR) is an important demographic index that
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exhibits differential status of men and women ina
society and interprets social and cultural issues
from anthropological point of view (Agnihotri
2000). Sex-ratio at birth involves differential neo-
natal death that has biological as well as social
factors like sex selective abortion and female neo-
naticide. Studies reported that sex-ratio among
infants below two years of age and in preschool
children are the indicators of several social, eco-
nomic and cultural issues including girl-child
mortality (low FMR) (Agnihotri 2000). Girl chil-
dren show earlier puberty and maturity in physi-
cal growth and development than male peers. Sex-
ratio of working population also indicates differ-
ential participation of men and women in the oc-
cupation. Sex-ratio among people over 65 years
of age indicates higher number of women than
men. Female life expectancy is higher than male
(WHO 2020b). Therefore, sex-ratio, morbidity and
mortality in infectious diseases across the world
can show a clear picture of sexual dimorphism
(WHO 2019).

CONCLUSION

Epidemiology of any disease, sexual dimor-
phism of pathogenesis, intensity and prevalence
of viral infections can be studied in human eco-
logical perspectives, in the light of organic evo-
lution. The COVID-19 pandemic is not an excep-
tion. Associated biological, social-cultural, demo-
graphic, and economic factors are important to
consider for an integrated research. Scientists
from different disciplines will join hands together
to fight against the infection. Comorbidities like
cardiovascular and respiratory disorders, obesi-
ty and diabetes are the serious risk factors for
COVID-19 that are related to age, sex, ethnicity,
genetic backgrounds, lifestyle habits, other psy-
chosocial and economic aspects in different pop-
ulations. In this outbreak of a novel coronavirus
disease (COVID-19), immediate nutrition interven-
tion programs at community levels are required
to enhance immunity. Macro and micronutrient sup-
plementation, proper care for health and hygiene,
particularly for the underprivileged communities
across the world are important.
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