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Background: SARS-CoV-2 virus uses angiotensin converting enzyme 2 (ACE2), a key enzyme of the renin angiotensin system 
(RAS) as the functional receptor for cell fusion and induction of infections in the respiratory system. Functional ACE2 gene 
polymorphisms may lead to RAS imbalance and are associated with COVID-19 susceptibility and severity. ACE2 G8790A 
(rs2285666), a splice region variant, is well characterized in various populations across the world. In the present study, the 
role of ACE2 G8790A (rs2285666) variant as risk predictor for severity of COVID-19 infection was investigated. 
Materials and methods: One-hundred COVID-19 subjects were included in the study and divided into: subjects with a 
history of severe infection and ICU-admitted (Group 1) and subjects with mild to moderate COVID-19 infection (Group 2). 
Genotype analysis for rs2285666 of ACE2 was performed using polymerase chain reaction and restriction fragment length 
polymorphism (PCR-RFLP) method. 
Results: The distribution of ACE2 G8790A (rs2285666) genotypes were GG 62%, GA 18%, and AA 20% in Group 1 and GG 
34%, GA 14%, and AA 52% in Group 2, respectively. The A allele of rs2285666 (p≤0.001; OR=3.4; 95% CI=1.89–6.107) were 
less frequent in Group 1 as compared to Group 2. Also, a statistically significant difference was found between severity of 
COVID-19 infection with age and comorbidities such as diabetes, hypertension, chronic kidney disease, but not gender. 
Conclusion: Our findings suggest the possibility of a protective mechanism of the AA genotype of ACE2 G8790A (rs2285666)
variant against COVID-19 disease severity. 
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a highly contagious positive strand RNA virus, 

reported first in December 2019.1 The severity of infection 
in people affected by COVID-19 is related to male gender, 
older age, presence of serious comorbidities such as 
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hypertension, diabetes, cardiovascular disease (CVD), 
chronic lung disease, and associated liver and kidney 
damage.2,3 However, susceptibility and risk for progression 
to the severe form of infection has not been similar across 
different ethnicities across the world. This remains the most 
controversial aspect in understanding the pathogenesis and 
clinical course of COVID-19. The surface of lung alveolar 
epithelial cells contains angiotensin converting enzyme 
2 (ACE2), a key enzyme of the renin angiotensin system 
(RAS) which facilitates the entry of SARS-CoV-2.4 Spike 
(S) protein of SARS‑CoV‑2 virus, consists of subunit S1 
with a receptor-binding domain (RBD) that recognizes 
ACE2.5-7 
	 Meta analysis studies indicate a possibility of 
increased mortality risk in co-existence of cardiovascular 
diseases and COVID-19 infection.2.3 Clinical studies suggest 
lung fibrosis and acute respiratory distress syndrome 
(ARDS) seen in COVID-19 patients may be related to an 
unbalanced RAS.8,9 In COVID-19-induced inflammation, 
membrane fusion between SARS-CoV-2 and S1 lead to 
decrease in ACE2 levels and disruption in angiotensin II 
metabolism and elevated levels. This leads to the release 
of inflammatory cytokines and systemic inflammation in 
COVID-19 infection.10,11 
	 Recent studies have identified few functional SNPs, 
such as rs2106809 and rs2285666, which can bring about 
variations in binding affinity of ACE2 for SARS CoV-2 
RBD.12,13 G8790A (rs2285666) or also called c.439+4G>A 
(NM_001371415.1) variant of the ACE2 gene, located 
in intron 3 of chromosome Xp22 may affect ACE2 gene 
expression by altered mRNA splicing. The wild type of this 
variant enhances the ACE2 production with a greater affinity 
for virus.14,15 Frequency of variant G8790A was found to be 
higher among the Indian population (mean allele frequency 
of ~0.6) in comparison with others.16 Further, the frequency 
of this allele is significantly higher (two tailed p<0.0001) in 
the Indian population as compared to European, American, 
or African ethnicities. Also, the frequency of this allele is 
significantly higher (two tailed p<0.0001) among Indian 
populations in comparison with either European, American, 
or African. The alternate allele (TT-plus strand or AA-minus 
strand) has been found to increase the expression of the 
gene up to low infection rate and low mortality rate.17 In the 
present study, we hypothesized a correlation between ACE2 
G8790A (rs2285666) variant and severity of COVID-19, 
since only a limited number of studies have been conducted 
on the association between ACE2 gene and susceptibility 

and severity of COVID-19 infection in Indian population 
and in other ethnicities. The aim of the present study was to 
investigate the role of ACE2 G8790A (rs2285666) variant 
as risk predictor for severity of COVID-19 infection.

Materials and methods

Study Design and Subjects Recruitment 
The was a cohort study conducted between March and 
June 2021. One-hundred subjects aged 18 years and 
above and diagnosed with COVID-19 based on positive 
polymerase chain reaction (PCR) test and/or other clinical 
data were recruited. Subjects were classified into two 
groups based on the disease severity as defined by WHO 
guidelines18,19,20; Group 1 consisted of patients who suffered 
severe COVID-19 and were admitted in the intensive care 
unit (ICU) of Employees State Insurance Corporation 
(ESIC) Superspeciality Hospital, Hyderabad, India; and 
Group 2 consisted of patients with mild and moderate 
COVID-19 infections admitted to the isolation ward in 
ESIC Superspeciality Hospital. 
	 Severe COVID-19 subjects in Group 1 were included 
if they had any one of the following conditions as stated 
by WHO19: respiratory distress (respiratory rate ≥30/min), 
oxygen saturation on room air at rest ≤93%, partial pressure 
of oxygen in arterial blood/FiO2 ≤300 mm Hg, respiratory 
failure occurs and mechanical ventilation is required, 
another organ dysfunction is present, or requiring intensive 
care unit monitoring and treatment. Whereas, Group 2 
included subjects with mild disease i.e., symptomatic 
patients meeting the case definition for COVID-19 without 
evidence of viral pneumonia or hypoxia and subjects with 
moderate disease i.e., clinical signs of pneumonia (fever, 
cough, dyspnoea, fast breathing) but no signs of severe 
pneumonia, including SpO2 ≥90% on room air.19 Subjects 
with insufficient medical records or missing data and/or 
<18 years of age were excluded from the study. The study 
was approved by the institutional ethical committee (No. 
ESICMC/SNR/IEC-F279/05-2021).

Characteristics Data Collection
The demographic data of study subjects, such as age, gender, 
and any underlying comorbidities and past medication 
history were obtained from medical records and patient’s 
charts at the hospital admission. High Resolution Computed 
Topography (HRCT) was used to evaluate the extent of 
lung involvement and to categorize the subjects involved 
into groups.20
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DNA Isolation and Genotyping
Whole blood samples were collected in EDTA vacutainer 
from the study subjects and stored at -80°C until the test was 
performed. The genotyping of ACE2 G8790A (rs2285666) 
polymorphism was performed by restriction fragment length 
polymorphism PCR (PCR-RFLP) and later confirmed by 
sanger sequencing (Figure 1).21 Genomic DNA was extracted 
from EDTA peripheral blood using the DNEasy Blood 
Extraction Kit (Macherey and Nagel, Nordrhein-Westfalen, 
Germany) and was quantified using nanodrop. The primers 
used and restriction enzyme site are as follows: Forward 
primer: 5’-CATGTGGTCAAAAGGATATGT-3’, Reverse 
primer: 5’AAAGTAAGGTTGGCAGACAT3’ and AluI: 
AG|CT. PCR was performed with total reaction volume of 
25 µL consisting of 1µL genomic DNA template, 2.5 µL 
10×PCR buffer, 25 µmol/L MgCl2 1.5 µL, 10 mmol/L dNTP 
0.5 µL, 0.8 µL forward primer, 0.2 µL Taq DNA polymerase 
and 18.5 µL double distilled water. PCR program conditions 
were as follows: an initial denaturation at 95°C for 2 min, 
followed by 34 cycles at 94°C for 30 s, 50.6°C for 30 s, 
and 72°C for 45 s. The final extension step was at 72°C 
for 7 min. Five µL of PCR products were digested at 37°C 
for 4 h with 2U AluI (Takara Bio, Shiga, Japan), 2 µL of 
10× buffer supplied and sterile water to a total volume of 
20 µL. After digestion, bands were visualized using ETBr 

stained 2% agarose gel electrophoresis. Homozygous GG 
confirmed by a single band at 466 bp, Homozygous AA 
genotype confirmed with bands at of 281 and 185 bp and 
Heterozygous AG genotype confirmed by bands at 466, 281 
and 185 bp respectively (Figure 2).  

Statistical Analysis 
The Hardy-Weinberg equilibrium was tested for ACE2 gene 
polymorphism and any deviation between the observed 
and expected frequencies was statistically evaluated for 
significance using odds ratio (OR) with 95% confidence 
interval (CI) and the chi-square test. Association between 
genotypes and severity of COVID-19 was examined. Hardy-
Weinberg calculator was used for calculating allele and 
genotype frequencies. The quantitative data was compared 
using independent t-test and qualitative was compared using 
Chi-square test. A p<0.05 was considered as significant. All 
of the tests were performed using Statistical Package for 
the Social Sciences (SPSS) version 16 (IBM Corporation, 
Armonk, NY, USA). 

Results

Among 100 subjects diagnosed with COVID-19 infection, 
50 subjects were classified as mild to moderate infection 
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Figure 1.  Sanger sequencing results of the homozygous AA and GG genotype. A: Sample 1 represents homozygous (AA) 
genotype. B: Sample 2 represents a homozygous (GG) genotype. 
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Figure 2. Agarose gel representation of ACE2 G8790A 
(rs2285666) genotyping. Lane represents the 100bp ladder. 
Lanes 1 and 5 represent 50 bp ladder. Lane 2 represents 
Homozygous (AA) genotype (281 and 185 bp), lane 3 
represents homozygous (GG) genotype (466 bp) and lane 4 
represents heterozygous (AG) genotype (466, 281 and 185 
bp). 

Table 1. Demography and co-morbidities in the groups 
and their relation with the COVID-19 severity.

1      2       3      4      5

Group 1 
(n=50)

Group 2 
(n=50) p -valuea

Female 24 (48) 18 (36) 0.224

Male 26 (52) 32 (64)

45.1±8.7 49.5 6±8.03 0.009*

26 (52) 37 (74) 0.023*

19 (38) 29 (58) 0.045*

8 (16) 19 (38) 0.013*

2 (4) 17 (34) 0.000*

Diabetes, n (%)

Chronic kidney disease, n (%)

Chronic lung disease, n (%)

Variables

Gender, n (%)

Age (years), (mean±SD)

Hypertension, n (%)

and 50 subjects were classified as severe infection. Results 
of the subjects’ demographic and underlying comorbidity 
analysis showed no significant difference in gender between 
the two groups (p=0.22). However, there were significant 
differences in age (p=0.009), existence of comorbidities: 
hypertensives (p=0.023), diabetes (p=0.045), chronic 
kidney disease (p=0.013), chronic lung disease (p=0.000) 
observed between Group 1 and Group 2 (Table 1). 

Genotype Distribution and Allele Frequencies of ACE2 
Gene Polymorphism 
The frequency of GG 62%, GA 18%, and AA 20 % in 
Group 1 and GG 34%, GA 14%, and AA 52% in Group 2, 
respectively (Table 2). TA statistically significant difference 
was observed in the genotypic distribution and allelic 
frequency between the Group 1 and Group 2 subjects [for 
GG vs. AA genotype, OR=0.231; (95% CI=0.095–0.561; 
p=0.001); GG vs. (GA+AA) OR=0.316, (95% CI=0.139–
0.715; p=0.005); and G allele vs. A allele, OR=3.4 (95% 
CI=1.89–6.107); p=0.000)]. An increase in the frequency of 
A allele was observed in Group 2 as compared to Group 1 
subjects, thereby indicating its likely protective effect of A 
allele in severity of COVID-19 disease.

Discussion

The results of the present study show the association between 
GG genotype as well as its associated allele, the G allele, 
of ACE2 G8790A (rs2285666) variant and the severity of 
COVID-19 disease. This is similar to other studies results 
in Indian and Caucasian populations.21 However, there were 
other studies which reported that this variant did not affect 
the severity of the disease.13,22 
	 ACE2 is the entry receptor of SARS-CoV-2, and is 
significantly expressed in the airway cells, alveolar epithelial 
type II cells, and endothelial cells of the respiratory and 
cardiovascular systems respectively.23-26 Studies have 
shown that the ACE2 is a type I transmembrane metallo 
carboxypeptidase and a key player in RAS and a homology 
with ACE. Previous research has demonstrated that ACE2 
inhibition or knockdown dramatically increases lung 
damage and inflammatory cytokine release.27 Higher levels 
of lung damage and RAS imbalance are linked to a disparity 
between ACE and ACE2 activity in ARDS. This may be 
because pulmonary Ang-(1-7) levels are decreased and its 
anti-inflammatory actions in the pulmonary tissue are lost.28-

31 With increased ACE activity, decreased ACE2 availability, 
and an decrease in Ang-(1-7) generation, enhanced 
AT1 receptor activation markedly impairs pulmonary 
function.28,31 Ang-(1-7) has vasodilator, anti-inflammatory, 
anti-proliferative and anti-fibrotic effects when it binds with 
Mas receptor and thereby regulates multiple intracellular 
signaling pathways.25,32 SARS-CoV-2 induces ACE2 
deficit by suppressing ACE2 receptor, and thereby leads 
to an imbalance between ACE1 and ACE2, which are the 
two components of the RAS pathway.33 Additionally, this 

*p<0.05 is significant. aanalyzed with independent t-test.
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Table 2. Genotype distribution and allelic frequencies of ACE2 G8790A 
polymorphism.

Group 1
(n=50)

Group 2
(n=50)

GG 31 (62) 17 (34) 1.00 (ref) 1.00 (ref)

AG 9 (18) 7 (14) 1.348 (0.460–3.956) 0.585

AA 10 (20) 26 (52) 0.231 (0.095–0.561) 0.001*

AG+AA 19 (38) 33 (66) 0.316 (0.139–0.715) 0.005*

G 71 (35.5) 41 (20.5) 3.4 (1.89–6.107) 0.000*

A 29 (14.5) 59 (31.5)

n (%)
ACE2  G8790A

G>A

Genotype

Alleles

OR (95% CI) p -valuea

interaction between the virus and receptor prevents the ACE 
enzyme from conversion of Ang II to Ang-(1-7) with high 
affinity.25 The RAS imbalance leads to Ang II overproduction 
and deficit in Ang-(1-7) which facilitates inflammatory and 
coagulation processes at the level of the lung tissue.34,35 
A slight or moderate ACE2 deficit cannot protect the host 
against viral invasion because rs2285666 variant can alter 
mRNA splicing which affects gene expression and protein 
level of the enzyme as well.14 An analysis of the association 
between circulating ACE2 G8790A (rs2285666) genotypes 
and Type 2 Diabetes Mellitus patients revealed that the AA 
genotype exhibits the highest level of expression when 
compared to other genotypes.36

	 As a global burden, the severity of disease among 
COVID-19 affected individuals has been positively 
associated risk predictors such as advanced age, occurrence 
of co-morbidities, such as diabetes mellitus, hypertension, 
chronic lung disease, cardiovascular disease (CVD), and 
impaired renal and liver function, etc.37 The age correlation 
to severity and comorbid conditions like diabetes, which 
have been linked to ACE2 deficiency might worsen the 
COVID-19-induced ACE2 deficit and raise the severity of 
the disease, which were similar to current study's findings.33 
Clinical course of COVID-19 is extremely heterogeneous 
both individually and globally. Hence, it has been suggested 
that an additional factor may have a role in modulating the 
risk of disease onset and severity. No statistically significant 
association between gender and severity of COVID-19 
disease was observed in the present study was contrary to 
other studies which was reported that men were more likely 
to develop severe COVID-19 disease.38 

	 Our study is a preliminary attempt at suggesting the 
possible role of host susceptibility and genetics in COVID-19 
infection and its severity. Further studies on the role of host 
genomic variant status to various infections are needed 
regarding the hour in the wake of COVID-19 infection. 
It could explain the variation in disease susceptibility and 
severity not only between different ethnicities, but also in 
subjects of the same population. 

Conclusion

In conclusion, variant genotype AA of ACE2 G8790A, 
might play a significant role in conferring protection against 
COVID-19 severity. The result of the current study might 
help to understand the inter-individual variability of the 
COVID-19 disease severity and importance of host genetics 
in understanding disease outcome.
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