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ARTICLE INFO ABSTRACT

Keywords: Background: Severe acute respiratory syndrome corona virus-2 (SARS-CoV-2) is believed to have emerged from
SARS-CoV-2 Wuhan, China, and spreads over 215 countries worldwide. The spike protein of SARS-CoV-2 binds to angio-
COVID-19 tensin-converting enzyme-2 (ACE-2) receptors and enter the host cells. Several reports have been highlighted the
ACE

importance of ACE-2 on the pathogenesis of COVID-19. In the present study, we hypothesize that a functional
insertion/deletion polymorphism in the ACE gene could be associated with SARS-CoV-2 infection and mortality.
Materials and methods: PubMed and Google scholar search engines were used to obtained data on the prevalence
of ACE I/D polymorphism in different countries of the Asia continent. Data on COVID-19 infection rate (per
million), mortality/million, and percentage of recovery were acquired form worldometer website. The Spearman
rank correlation test performed to investigate the correlation of allele ‘D’ with SARS-CoV-2 infection, mortality
rate, and recovery percentage.

Results: Epidemiological investigation revealed a significant positive correlation of D allele of ACE poly-
morphism with SARS-CoV-2 infection (r = 0.502, p = 0.008, n = 26) and mortality rate (r = 0.620, p = 0.002,
n = 22) in Asian population. However, no significant role of ACE I/D polymorphism was observed with recovery
rate of patients from SARS-CoV-2 infection (r = —0.208, p = 0.352, n = 22).

Conclusions: Allele D of ACE insertion/deletion polymorphism is associated with the rate of infection and

Asian population

mortality in the Asian population.

1. Introduction

The coronavirus disease 2019 (COVID-19), is caused by severe acute
respiratory syndrome corona virus-2 (SARS-CoV-2), has emerged from
Wuhan, China, in December 2019 [1] and spread rapidly across world-
wide. On 11th March 2020, the World Health Organization (WHO) de-
clared COVID-19 as a pandemic (https://www.who.int/dg/speeches/
detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-
covid-19—11-march-2020). Till date (27th July 2020), 17.17 million of
subjects were infected with SARS-CoV-2 in 215 countries, and about 0.66
million of death has been reported throughout the globe (https://www.
worldometers.info/coronavirus/#countries). The recovery rate of SARS-
CoV-2 infected subjects remained at 62.23% (https://www.worldometers.
info/coronavirus/#countries).

The spike protein of SARS-CoV-2 efficiently binds to the angio-
tensin-converting enzyme 2 (ACE2) receptors and facilitate the in-
vading of the virus into the host cell [2]. ACE2 receptor is a type I
transmembrane glycoprotein consisting of 805 amino acid length [3].

* Corresponding author.

ACE2 receptors also mediate the cellular entry of SARS-CoV and NL63
[4]. SARS-CoV shares about 76% similarity in amino acid sequence
with SARS-CoV-2 [5]. Various reports in the mouse model have deci-
phered importance of ACE2 in susceptibility and pathogenesis of SARS-
CoV infections: the virus entry rate is enhanced with overexpression of
ACE-2 receptors [6], antibodies to ACE-2 receptors significantly blocks
entry of SARS-CoV [4] and ACE2 knockout mice had lower pulmonary
lesion compared to the wildtype [7]. These observations collectively
indicate an essential role ACE2 receptor in the pathogenesis of SARS-
CoV-2.

Angiotensin-converting enzyme (ACE) share about 40% of sequence
homology with ACE-2 [8], and several lines of evidence have demon-
strated a counter-regulatory relationship between these two molecules
[9]. The administration of ACE inhibitors significantly increased the
expression levels of ACE-2 [10]. As levels of ACE and ACE2 are inter-
woven, and ACE2 plays a vital role in SARS-CoV-2 infection and pa-
thogenesis, we hypothesized that differential levels of ACE could be
associated with SARS-CoV-2 infections and mortality rate. ACE gene is
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Table 1
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SARS-CoV-2 data and details information of earlier reports enrolled in the present study.

Country Name SARS-CoV-2 SARS-CoV-2 Recovery Number of Paper Total I/1 I/D D/D Iallele (n) D Frequency of

infected Cases related Deaths Rate (%) considered for healthy genotype genotype genotype allele allele D (%)

per million of  per million of prevalence of controls (n) (n) (n) (n)

population population genotype (n)

investigation*
Azerbaijan 2962 41 75.48 2 173 32 75 66 139 207 59.82
Bahrain 22,952 82 91.20 1 560 87 248 225 422 698 62.32
Bangladesh 1356 18 55.43 1 59 19 26 14 64 54 45.76
China 58 3 94.07 51 7980 3068 3691 1221 9827 6133 38.42
Hong Kong 351 2 56.75 1 326 43 133 150 219 433 66.41
India 1040 24 63.97 8 1621 558 796 267 1912 1330 41.02
Iran 3464 187 86.96 10 1655 350 815 490 1515 1795 54.22
Israel 6636 51 43.61 4 389 43 168 178 254 524 67.35
Japan 232 8 74.06 19 5399 2132 2496 771 6760 4038 37.39
Kuwait 14,919 101 85.26 2 283 34 118 131 186 380 67.13
Kyrgyzstan 5024 196 62.13 2 210 78 98 34 254 166 39.52
Lebanon 550 7 45.12 4 757 75 310 372 460 1054 69.61
Malaysia 275 4 96.66 1 72 18 35 19 71 73 50.69
Mongolia 88 0 75.69 1 100 42 50 8 134 66 33
Nepal 638 2 70.53 2 239 105 104 30 314 164 34.30
Oman 14,861 75 72.75 1 124 8 55 61 71 177 71.37
Pakistan 1235 26 86.93 4 448 130 225 93 485 411 45.87
Palestine 2049 15 35.83 3 243 16 93 134 125 361 74.27
Philippines 733 18 32.45 1 95 28 49 18 105 85 44.73
Saudi Arabia 7660 78 82.53 3 530 61 219 250 341 719 67.83
Singapore 8605 5 90.37 2 642 287 298 57 872 412 32.08
South Korea 276 6 91.04 8 2344 823 1129 392 2775 1913 40.80
Taiwan 19 0.3 96.06 3 713 300 309 104 909 517 36.25
Turkey 2679 67 92.65 11 1090 240 503 347 983 1197 54.90
United Arab 5952 35 88.57 2 275 39 127 109 205 345 62.72
Emirates

Uzbekistan 613 3 54.08 1 60 12 32 16 56 64 53.33

Note: Data of SARS-CoV-2 infected cases, related death and recovery rate were obtained from https://www.worldometers.info/coronavirus/ assessed on 27.07.2020.

Details of papers included in the study for analysis.

located at the long arm (q23.3) of the 17th chromosome and consists of
26 exons and 25 introns [11]. A functional insertion-deletion (I/D)
polymorphism of 286 bp has been reported in the intron 16 of the ACE
gene [11]. The deletion (D) and insertion allele (I) are associated with
an elevated and diminished ACE level and enzyme activity, respectively
[12,13]. Previous reports demonstrated the association of ACE D allele
with the incidence of pneumonia in SARS patients [14] and the death of
subjects with acute respiratory distress syndrome [15]. These ob-
servations tempted us to investigate the importance of ACE I/D poly-
morphism in susceptibility to SARS-CoV-2 infection and related mor-
tality.

In the present epidemiological investigation, we tested the possible
association between ACE I/D polymorphism with SARS-CoV-2 infec-
tion, mortality rate, and percentage of recovery in the Asian population.

2. Materials and methods
2.1. Data

For COVID-19 related information in the Asian continent, we explored
the worldometer site (https://www.worldometers.info/coronavirus/) and
various data such as country name, number cases per million, number of
death per million, number of patients recovered from SARS-CoV-2 infec-
tions were obtained (assessed on 27th July 2020). The recovery rate in the
percentage of SARS-CoV-2 patients was calculated by using the total
number of infected cases and the number of patients who recovered after
treatment. Total expenditure on health as percentage of gross domestic
product (GDP) of various countries (www.who.int/countries/en/), doc-
tors, and nurse density per 10,000 individuals (https://www.who.int/
data/gho/data/indicators/indicator-details/GHO,/medical-doctors-(per-
10-000-population) were acquired from the World Health Organisation
database.

2.2. Prevalence of ACE I/D polymorphism

Literature search database PubMed and google scholar were
screened for the prevalence of ACE I/D polymorphism in different
countries of Asia where SARS-CoV-2 infection has been reported. All
publications were inspected, and authors' details, country name, ACE 1/
D genotypes number or frequency, allele number, or frequency were
extracted. For countries with more than one report, genotype or allele
data were pooled, and allele frequency was calculated.

2.3. Exclusion criteria

The genotypes distributions of ACE I/D polymorphism in all reports
were screened for Hardy-Weinberg equilibrium (HWE), and the studies
deviated from the HWE were excluded from the present investigation.
As the health care facility depends upon the economic condition of the
country, for mortality analysis, countries with expenditure on health
sector lower than 3% of their GDP were not included.

2.4. Statistical analysis

The prevalence of ACE I/D genotypes and alleles frequency were
calculated by manual counting. All statistical analysis were performed
by Graphpad Prism 8.3.0. Correlation of D allele with SARS-CoV-2 in-
fection rate, mortality rate, and recovery percentage was investigated
by Spearman rank coefficient analysis, where a P-value < 0.05 was
considered significant.

3. Results

A data search in worldometer website (on 27th July 2020) revealed
a total of 38 Asian countries are affected with SARS-CoV-2 with a total
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of 4.12 million cases, about 94 thousand death, and about 72.63 per-
cent of infected patients were recovered from this infection. Out of the
38 countries, where the presence of SARS-CoV-2 infection has been
reported in the Asian population, data on the prevalence of ACE I/D
genotypes or alleles were available for 28 countries namely Azerbaijan,
Bahrain, China, India, Iran, Israel, Japan, Jordan, Kuwait, Kyrgyzstan,
Lebanon, Malaysia, Mongolia, Nepal, Oman, Philippines, Saudi Arabia,
Singapore, South Korea, Taiwan, Thailand, Turkey, United Arab
Emirates, Uzbekistan, Bangladesh, Hong Kong, Pakistan, and Palestine.
Distribution of ACE I/D genotypes in Jordan and Thailand population
were not following HWE, thus excluded from the present study.
Furthermore, ACE I/D polymorphism data of 27 reports from different
countries (China: 06, India: 09, Japan: 02, Lebanon: 01, Malaysia: 02,
Mongolia: 01, Pakistan: 03, South Korea: 01, Turkey: 01, and
Uzbekistan: 01) were excluded from the present study, as the genotypes
distributions did not obey HWE equilibrium. Data from 26 countries
comprising of 148 publications were considered for the current in-
vestigation (Table 1). Majority of the reports on the frequency of ACE 1/
D genotype or allele were from the Chinese population (n = 51), and
details of publications included in the present report are shown in the
supplementary file. The frequency of allele D ranges from 32.08 to
74.27% (Table 1).

Spearman rank correlation analysis between SARS-CoV-2 infection
rate per million of population and ACE I/D polymorphism revealed a
positive correlation of D allele with the rate of infection (r = 0.502, p
= 0.008, n = 26) (Fig. 1A).

As the mortality from a disease is associated with the health facility
of the country, in the present study countries those spends less than 3%
of their GDP in the health sector, were excluded (Bangladesh, Pakistan,
Hong Kong, and Palestine) and a total of 22 countries were included for
mortality related analysis. No significant correlation was observed be-
tween SARS-CoV-2 related mortality rate with doctors (r = 0.070, p
= 0.762), nursing staff (r = —0.089, p = 0.699) intensity per 10,000
population of the countries or the percentage of GDP spend in the
health sector (r = 0.023, p = 0.917). Interestingly, the D allele of the
ACE 1I/D polymorphism was positively correlated with the SARS-CoV-2
mortality rate per million (r = 0.620, p = 0.002, n = 22) (Fig. 1B).
However, no significant correlation was observed between allele D with
the rate of recovery of SARS-CoV-2 patients in the Asian population
(r = —0.208,p = 0.352, n = 22) (Fig. 1C).

4. Discussion

ACE2 receptor plays a crucial role in cellular invading of SARS-CoV-
2 as well as various pathophysiological conditions of the COVID-19
[16]. The spike protein of the SARS-CoV-2 binds to ACE2 receptors and
facilitates the internalization of the virus [2]. The dominant allele ‘D’ of
ACE I/D polymorphism has been associated with elevated levels of ACE
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[12,13]. In the present study, we observed a significant positive cor-
relation between the frequency of D allele and the number of SARS-
CoV-2 infected cases/million in the Asian populations. The mechanism
of how major allele (D) of ACE I/D polymorphism is associated with a
higher infection rate of SARS-CoV-2 is not known. Since the levels of
ACE and ACE2 are a counter complement to each other[17], lower le-
vels of ACE2 could be expected in subject those harboring the major
allele D of ACE I/D polymorphism. Furthermore, the soluble form of
ACE2 protein which is believed to counteract SARS-CoV-2 [18] is
scarcely present in the circulation than the membrane-bound ACE2
receptor [16]; thus the probability of interaction between SARS-CoV-2
and ACE2 receptor is higher, and that may facilitate the invasion of the
host cell up to a greater extent.

We observed a significant positive correlation between allele D and
mortality rate in the Asian populations indicating higher levels of ACE
are deleterious in SARS-CoV-2 infected subjects. Mortality related to
SARS-CoV-2 infections has been linked to various comorbid conditions
such as hypertension, diabetes, hyperlipidemia, coronary artery dis-
ease, and renal disease [19]. High producer of ACE, the DD genotype
has been associated with susceptibility to hypertension [20], type 2
diabetes [21], coronary artery disease [22] and hyperlipidemia [22]
indicating a possible role of ACE I/D polymorphism with SARS-CoV-2
related mortality.

An earlier study in thirty-three countries, including 25 European,
three north-African, and five from middle East continents, highlighted a
negative correlation between deletion allele frequency of ACE 1/D
polymorphism with SARS-CoV-2 infection and mortality rate [23].
However, in the present report, we observed a positive correlation of
allele D with infection an mortality rate of COVID-19. The possible
reasons for the discrepancy would be the differential distributions of
the allele among populations. Further, SARS-CoV-2 infection and
mortality of subjects are dependent on a wide range of complex phe-
nomena, and genetic mutation is one among them [24,25].

Although the present analysis elegantly demonstrated the associa-
tion of ACE I/D polymorphism with susceptibility to SARS-CoV-2 in-
fection and related mortality, it has some limitations. Other genetic
polymorphisms in the ACE gene were not considered in the present
study. Furthermore, various essential factors were also not considered
in the current investigation, such as the testing capacity of countries,
inter-country movement of subjects, local health policy of the govern-
ment, age group of the infected cases, population density, other co-
morbidities condition of the infected patients. In summary, we conclude
ACE 1I/D polymorphism is associated with infection frequency and
disease outcome of SARS-CoV-2 infection. However, hospital-based
case controls studies in different populations are required to validate
our findings.
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Fig. 1. Correlation of ACE allele D with SARS-CoV-2 infection, death, and recovery rate in the Asian population. SARS-CoV-2 cases, mortality, and recovery from
infection data were obtained from worldometer site (assessed on 27.07.2020). The prevalence of ACE ‘D’ allele in healthy subjects of Asian countries was obtained
from earlier published literature. Spearman rank coefficient analysis was performed to investigate the correlation of allele ‘D’ with SARS-CoV-2 infection/million (A:
r = 0.502,p = 0.008, n = 26), the mortality rate per million (B: r = 0.620, p = 0.002, n = 22) and patients recovery rate (C:r = —0.208,p = 0.352,n = 22). Ap-

value of less than 0.05 was taken as significant.
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