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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) enters into host cells through the angiotensin-converting enzyme 2 (ACE2) receptor
and transmembrane serine protease 2 (TMPRSS2) helps in propagation. Expression of ACE2 gene was found to be higher in kidney, testis, heart,
thyroid, and adipose tissue whereas expression of TMPRSS2 was found to be highest in the kidney, small intestine, and prostate. ACE2 and TMPRSS2
expression increases as age increases. Estrogen has a protective role against SARS-CoV-2. Thus mortality rate of SARS-CoV-2 is more in men compared
to women. ACE?2 is also expressed in adipose tissue therefore as body mass index increases the disease severity increases. Smoking upregulates the
lung airway expression of ACE2 and TMPRSS2. Alcoholics have more chances to get a COVID-19 as it elevates the expression of the angiotensin II
type 1 receptor. Administer an antioxidant-rich diet to fight against COVID-19. Patients with hypertension, diabetes, cardiovascular disease, chronic
lung disease, chronic kidney disease, and cancer cause more severity to COVID-19. ACE2 expression increased while administering drugs such as ACE
inhibitors, angiotensin II type I receptor blocker, thiazolidinediones, and NSAIDs thus elevates the severity of COVID-19 infection. Anti-histo-blood
natural antibodies act as a protective role in blood group 0. Blacks and Histapanic community have a higher risk of infection and mortality compared
white people. Temperature and humidity are negatively correlated with COVID-19. ACE2 expression is elevated in the alveolar cells of the population
exposed to air pollution thus elevates the exposure to the SARS-CoV infection. In this article, we will compare the modifiable and non-modifiable risk
factors of COVID-19 that affect both first and second waves.

Keywords: COVID-19, Angiotensin-converting enzyme 2, Transmembrane serine protease 2, Obesity, Smoking, Alcohol, Antioxidant, Comorbidity,
Climate, Pollution.

© 2022 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/) DOLI: http://dx.doi.org/10.22159/ijms.2022v10i3.44724. Journal homepage: https://innovareacademics.in/journals/index.php/ijms

INTRODUCTION

Coronaviruses have single-stranded RNA and a diameter of 80-
120 nm. It is pleomorphic or spherical and covered with glycoprotein.
The different coronaviruses include alpha, beta, gamma, and delta
coronavirus. Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is from the beta coronavirus family. SARS-CoV and Middle East
Respiratory Syndrome coronavirus are other beta coronaviruses that
cause disease in humans [1]. Angiotensin-converting enzyme 2 (ACE2)
is an exopeptidase receptor in which the SARS-CoV-2 enters into the host
target cells [2]. The S protein that is a transmembrane spike glycoprotein
of SAR-CoV-2 binds to the ACE2 receptor. ACE2 is a member-bound
receptor that belongs to the carboxypeptidase family. Transmembrane
protease serine 2 [TMPRSS2] allows the virus and cellular membrane
to fuse thus SARS-CoV-2 enters the cells and undergoes replication [3].
TMPRSS2 has a key role in cleaving the glycoprotein of the virus thus
helps propagation [4] as shown in Fig. 1. In this review article, we will
discuss various modifiable and non-modifiable risk factors of SARS-
CoV-2 infection in wave 1 and wave 2.

RATE OF EXPOSURE

The expression of ACE2 and TMPRSS2 is predominantly high in nasal
epithelium compared to saliva or blood [5]. An in vivo study was
conducted and found significantly higher expression of ACE2 and
TMPRSS2 in conjunctiva whereas a clinical study was conducted to
analyze the expression of ACE2 and TMPRSS2 in conjunctival samples
in humans and no significant expression was found in conjunctiva but
there might be other unidentified receptors [6,7]. An in vivo study
was conducted and found expression of ACE2, TMPRSS2, and Furin
in eustachian tube and cochlea so it is important to take necessary
precautions against SARS-CoV-2 during mastoidectomy [8]. The
expression of the ACE2 gene was estimated and found higher in kidney,
testis, heart, thyroid, adipose tissue, and small intestine whereas lungs,

liver, bladder, and adrenal gland showed only medium expression.
Blood, spleen, bone marrow, muscles, and blood vessels had the lowest
expression [9]. The expression of TMPRSS2 was highest in kidney,
small intestine, and prostate. Lung expression was found in bronchi,
bronchioles and no expression in alveoli. The expression is also seen
in the stomach, colon, pancreas, and salivary gland [10] as shown in
Tables 1 and 2. Thus, the expression of ACE2 and TMPRSS2 in other
regions reveals the symptoms and complications of COVID-19 will not
be confined to pulmonology but also affect other regions of the body.
Thus serious precautions have to be taken to avoid complications
among patients who are affected with COVID-19 along with other
diseases. In the first wave, a single mask was used by the population
whereas in the second wave the population started to use double mask
to prevent exposure through the mouth and nose.

AGE

ACE2 and TMPRSS2 expression increases as age increases thus the
pediatric population have mild symptoms. A study was conducted
on the expression of ACE2 and TMPRSS2 in the pediatric population
to that of adults and found that the expression of genes was more in
the adult population which indicates mild symptoms in SARS-CoV-2
pediatric population [11]. A study was conducted on the expression
of ACE2 and found that it elevates the expression as age increases but
the population excluded neonates and geriatrics in the study [12]. The
various factors involved in the vascular ageing process are oxidative
stress and impairment in antioxidant defense mechanisms. The
thoracic aorta thickness elevates on ageing and thus increases RAS
components [13]. Hypoxia conditions also regulate the expression of
ACE2 [11]. The ACE2 expression and immune signature were analyzed
and found immunopathological damage in elderly patients rather
than younger patients. The rate of exposure of SARS-CoV is the same
in all age groups but severity and mortality elevate on age in the first
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SARS CoV 2 VIRUS ACE 2 RECEPTOR in which the virus enters the host cells

TMPRSS2 helps the virus in fusion

and propagation

Fig.1: Severe acute respiratory syndrome coronavirus 2
receptors

Table 1: Expression of ACE2 in various organs

ACE2 Expression

Higher expression Kidney
Small intestine
Adipose tissue
Thyroid
Heart
Testis
Medium expression Lungs
Adrenal gland
Bladder
Liver
Lowest expression Blood
Blood vessels
Muscles
Bone marrow
Spleen

ACE2: Angiotensin-converting enzyme 2

Table 2: Expression of TMPRSS2 in various organs

TMPRSS2 expression Kidney

Prostrate
Small intestine
Bronchi
Bronchioles
Stomach
Salivary gland
Pancreas
Colon

TMPRSS2: Transmembrane Serine Protease 2

wave [14]. In the second wave, children are more affected compared to
the elderly population [15].

GENDER

The mortality rate of SARS-CoV-2 is more in men compared to women.
Estrogen has a protective role against SARS-CoV-2 infection. It
activates the immune response and suppresses the replication of the
virus. A study conducted on ACE2 expression and immune signature
found that immunopathological damage is more in men compared to
women [14]. Androgens upregulate the TMPRSS2 gene expression
thus helps in SARS-CoV-2 virus replication and propagation [16]. ACE2
expression alone cannot elevate the mortality, TMPRSS2 expression
should also be considered to assess the mortality of the SARS-CoV-2
infected patients. In the second wave women especially pregnant
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and lactating are more affected compared to men [15]. This might be
because of lack of vaccination among pregnant and lactating women
thus less immunity compared to vaccinate.

OBESITY

Obesity is one of the etiology of oxidative stress and stimulates the
RAS pathway. A study was conducted and found that obese mouse
upregulates RAS components and ROS levels. When angiotensin
receptor blocker (ARB) was given it reduced the RAS components and
ROS levels. In obese patients angiotensin is mainly produced in adipose
tissue. ARBs inhibit adipocyte hypertrophy, reduces interleukins,
and oxidative stress [17]. Obesity is one of the major risk factors for
severe SAR-CoV-2 virus infection. ACE2 is also expressed in adipose
tissue. Moreover, adipose tissue acts as a major source of inflammatory
molecules and may aggravate SARS-CoV-2 virus infection. A large
number of obese patients are admitted to intensive care unit (ICU) with
SARS-CoV-2 virus infection. As body mass index (BMI) increases the
disease severity increases. A report from New York City suggests that
among 5700 COVID-19 patients 41.7% were obese patients. A study
reported that 88.2% of non-survivors of COVID-19 infection have
BMI >25kg/m? In the human body adipose tissue act as a reservoir
for Adenovirus, influenza A virus, Mycobacterium tuberculosis,
Trypanosoma gondii, megalovirus, HIV, cyto influenza A [18,19]. Due to
lockdown for many months the majority of the population has gained
weight due to overeating and lack of physical activity thus it might
have elevated the severity of COVID-19 in the second wave [20]. Thus
reduction of excess fat might help to prevent COVID-19 severity and
mortality.

SMOKING

The WHO reported that smoking elevates the mortality rate in
COVID-19 patients. Smoking also elevates the severity of COVID-19
infection. Guan et al. reported that 25% of people admitted to ICU
due to COVID-19 are smokers and 7.6% were former smokers.
A clinical study reported that adverse outcomes were nine-fold more
prevalent in the smoking group compared to the non-smoking group
and less improvement and stabilization of the disease in the smoking
group [21]. Smoking upregulates the lung airway expression of ACE2
and TMPRSS2 [5]. Smoking causes air pollution and elevates ACE
activity a hundred-fold. Smokers elevate ACE2 expression in type2
pneumocytes and alveolar macrophage mainly at the apical end of
small airway epithelium when compared to non-smokers [21]. Due to
lockdown smoking frequency was elevated among the smokers [22].
This might be one of the risk factors for the severity in the second
wave. Thus, it is important to quit smoking to prevent the severity and
mortality of COVID-19 infection.

ALCOHOL

There is a relationship between alcohol consumption and viral
infection. A clinical study reported that 70% of patients with Hepatitis
C virus and HIV virus have a history of alcohol consumption [23].
Alcoholics have more chances to get a community-acquired infection as
it affects immunity. It acts both natural as well as acquired immunity by
interfering with the natural killer cells and target cells, altered cytolytic
activity, and signal transduction thus affects the neuroendocrine
system. It also stimulates inflammatory reactions and CD8 responses.
Interleukins-1,6 and tumor necrosis factors play a key role in alcohol-
induced lung injury. Alcohol inhibits the synthesis of anti-inflammatory
cytokines. Both moderate and severe drinkers cause pulmonary injury.
Alcohol also causes severe oxidative stress and antioxidant deficiencies.
Moreover, alcohol elevates the expression of the angiotensin II type 1
receptor [21]. During lockdown day’s alcohol consumption has elevated
among the alcoholic population thus it may be another risk factor for
the severity in the second wave [24]. It is important to stop or reduce
alcohol consumption during the period of COVID-19 to prevent severity
and mortality due to the SARS-CoV-2 infection.
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FOOD

Dr Linus Pauling, a Nobel prize winner, suggested that ascorbic acid
(Vitamin C) plays akey role in preventing the common cold. So during the
period of COVID-19, it is important to administer Vitamin C-rich foods
such as broccoli, lime, lemon, orange, tangerine, grapefruit, tomato,
cauliflower, sweet potato, kiwi, papaya, and strawberry. It is important
to administer an antioxidant-rich diet to fight against the oxidative
stress which is produced by the viral infection. A study was conducted
in Thailand that concluded Plasmodium falciparum malaria was
prevented in certain populations as the population was administered
with fava beans. Fava beans contain quinine-like chemicals which have
antimalarial activity; moreover, hydroxychloroquine is used to treat
COVID-19 patients. COVID-19 patients worsen their health when they
have protein energy-wasting, hypokalemia, and hypophosphatemia.
Acute kidney injury was reported in some COVID-19 patients so it
is important to give adequate amounts of protein in the diet [25].
A study was conducted which reported that a low protein diet elevates
angiotensin II synthesis in the lungs of pregnant rats [26]. Another
study conducted revealed a high prevalence of reduced potassium
in COVID-19 patients. There is a positive correlation between low
potassium levels and the severity of COVID-19. More potassium is lost
through the urine due to the destruction of ACE2 by the SARS-CoV-2
virus. Hypokalemia leads to ECG variations, myocardial injury, and
alkalosis. In severe hypokalemia conditions, more days are necessary
to give negative PCR results in COVID-19 patients [27]. Unani medicine
which is a plant-based medicine suggests that several plants such as
liquorice, onion, garlic, tulsi or holy basil, black pepper, cinnamon,
turmeric, lemon, and honey are found to have antiviral property [28]
as shown in Table 3. Bennett et al. reported that due to lock down most
of the population took to unhealthy food habits such as chips, sweets,
and processed food [29]. Thus it also might be another factor for the
severity of the second wave. Dietary habits play a key role during the
period of COVID-19 thus administering antioxidant and Vitamin C-rich
food along with food that has antiviral actions.

COMORBIDITIES

The patients with various diseases have more chances to cause
COVID-19 as well as higher severity than the patients without other
comorbidities [30]. As the number of comorbidities increases, the
severity of infection also increases [31]. Patients with hypertension,
diabetes, cardiovascular disease, chronic lung disease, chronic kidney
disease, and cancer cause more severity to COVID-19 [30]. Yang
et al. reported that 32 non-survivors of the ICU with COVID-19 had
cerebrovascular disease of 22% and diabetes 22%. Guan et al. reported
that among COVID-19 patients 23.7% had hypertension, 16.2% had
diabetes, 5.8% had coronary heart disease, and 2.3% had cerebral
vascular disease. Zhang et al. reported that 30% had hypertension
and 12% had diabetes [32]. Sanyaolu et al. conducted a meta-analysis
on comorbidities on COVID-19 and found that 15.08% of people
had hypertension, 11.70% with cardiovascular disease, 9.40% with
diabetes, 1.50% with HIV or Hepatitis B, 1.50% with malignancy, 1.40%
with respiratory illness, 0.80% with renal disorders, and 0.01% with
immunodeficiency [30]. Hence, it is important to maintain adequate
blood pressure, blood glucose level, and cholesterol levels in patients
during the period of COVID-19 to reduce the severity and mortality of
the disease.

DRUGS

ACE2 expression increased while administering drugs such as ACE
inhibitors, angiotensin II type I receptor blocker, thiazolidinediones,
and NSAIDs [32,33]. Further studies are needed to evaluate if
patients with COVID-19 that have a medication history of the above
drugs will elevate the severity of infection. COVID-19 elevates the
coagulation activity thus in severe COVID-19 infection treatment with
anticoagulants improves the condition of the patients. Alterations of
diabetes medication are necessary for COVID-19 patients. Metformin
should be avoided in patients with the risk of lactic acidosis, respiratory
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Table 3: Foods with antiviral property

Food with antiviral property Licorice

Onion

Garlic

Tulsi

Black pepper
Cinnamon
Turmeric
Lemon
Honey

distress, renal impairment, and heart failure. Metformin also has
interactions with lopinavir which is a COVID-19 medication. DPP-4
inhibitors have anti-inflammatory actions and have interactions with
lopinavir, ritonavir, and atazanavir. SGLT2 inhibitors should be avoided
in patients with the risk of hypovolemia, electrolyte imbalances, and
ketoacidosis. GLP-1 receptor agonists have anti-inflammatory actions
and should be avoided in patients with gastrointestinal side effects and
aspiration. Sulfonylureas have interactions with lopinavir, ritonavir,
and hydroxychloroquine. Pioglitazone has anti-inflammatory action
and should be avoided in patients with fluid retention and heart failure.
It has interactions with favipiravir. Insulin is recommended for critical
patients and has interactions with hydroxychloroquine [34]. More
studies have to be conducted on COVID-19 medication interactions with
other drugs thus giving rational prescriptions for the COVID-19 patients.

BLOOD TYPE

A study was conducted and concluded that people with blood groups B
and AB with Rh-positive have more chances to test positive for COVID-19
whereas people with blood group O have less chance to be positive [35].
A study in Hong Kong reported that O blood groups have a low infection
of SARS-CoV. The main site for the expression of the SARS-CoV virus is in
the histo-blood group. Natural anti-A and B antibodies bind to S protein
and inhibit the binding with ACE2. SAR-CoV replication is at ABH
antigen which is controlled by the FUT2 gene. Anti-histo-blood natural
antibodies act as a protective role in the blood group O [36]. Blood
group O also shows protective effects from malaria [37]. A clinical study
reported that populations with blood group A showed more severity in
ICU than other blood groups [38]. Blood grouping is a non-modifiable
risk factor of COVID-19. A, B blood group people are more vulnerable
to COVID-19.

RACE

Blacks and Hispanics have a higher risk of infection and mortality
compared to the white people due to the presence of diabetes,
hypertension, asthma, obesity, and smoking. Black and Hispanics need
more ventilatory support compared to white [39]. Devan Hawkins
reported that black people are employed with occupations that have
more proximity with others. Blacks, Hispanics, and Asians are more
employed in health-care sectors, hospitals, social assistance industries,
animal slaughtering, respiratory therapists, nurses, physical therapists,
medical assistants, bus drivers, flight attendants, etc. [40]. Lower usage
of RAAS inhibitors is seen among blacks which might be the reason
for COVID-19 infection [41]. Further studies are needed to make sure
if COVID-19 has more correlation with occupation, race, disease, and
drugs.

CLIMATE

The ambient environment for SARS-CoV-2 to survive is at a temperature
of 5-15°C and with humidity between 3 and 10 g/m? Humidity is
negatively correlated with COVID-19. Huang et al. conducted a study
and reported that 60% of COVID-19 cases are from countries with
temperatures between 5 and 15°C. About 73.8% of COVID-19 cases
were at regions with 3-10 g/m? humidity [42]. Viruses thus survive in
the droplets at high humidity >70% under the physiological contents of
salt. At moderate humidity 40-60% evaporation takes place thus salts
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get concentrated and deactivates the viruses. At low humidity <30%
salts crystallize from the solution and may activate the virus. During
winter the humidity is low thus viral aerosols exist longer in the air
due to their smaller size; therefore, elevating the spread of the virus.
During the rainy season, low temperature and saturation humidity
facilitate the transmission of the virus through large aerosol particles.
In contrast to the high humid countries such as India, Iran, Iraq, and
the Midwestern United States, the temperature at day time is >20°C but
the night temperature is <10°C, thus facilitating the spread of the virus.
SARS-like viruses can thus live in cool and arid weather for several days.
Arecentreport suggests that the arid climate also reduces the immunity
of the host by causing impairment in mucociliary clearance [43]. Thus
temperature and humidity in your region need to be considered during
the period of COVID-19.

POLLUTION

COVID-19 patients with chronic exposure to air pollutants have a
more severe form of disease and mortality is higher among those
populations. ACE2 expression is elevated in the alveolar cells of the
population exposed to air pollution thus elevates the exposure to the
SARS-CoV infection [44]. Air pollutants act as free radicals causing
oxidative stress and inflammatory cells. Exposure to pollution reduces
the ability of macrophages to undergo phagocytosis, therefore unable
to inactivate the virus [45]. A study reported that an increase of 1%
PM2.5 causes an 8% increase in mortality of COVID-19 [44]. Regions
with high air pollution index have double mortality than those with low
air pollution index [45]. A 2003 study from China on SARS reported that
regions with moderate pollution have higher mortality than regions
with low pollution [46]. Air quality index, PM2.5, NO, play a key role in
the transmission of SARS-CoV-2 infection [14]. Hence, it is important to
control air pollution during the period of COVID-19.

CONCLUSION

COVID-19 pandemic is a challenging situation all over the world.
Complete immunization against COVID-19 among every age group
of both sexes is required. Exercise regularly to reduce complications
of COVID-19. Avoid smoking and alcoholism during the COVID-19
pandemic to reduce the severity of the disease. Populations with
other comorbidities have maintained their blood pressure, glucose
levels, cholesterol levels, etc, for reducing mortality among the
population with COVID-19. Avoid unnecessary consumption of OTC
medications without the instructions of the medical practitioner.
Maintain cleanliness among yourselves as well as the environment and
surroundings. It is important to assess more risk factors that elevate
ACE2 and TMPRSS2 expression. Thus, the population more vulnerable
to COVID-19 and its complications can be analyzed. Precautions should
be taken among the vulnerable groups of COVID-19. Thus, SARS-CoV-2
virus can be wiped out from the community.
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