
Kouhpayeh et al. 
Translational Medicine Communications            (2021) 6:26  
https://doi.org/10.1186/s41231-021-00106-0

RESEARCH

Association between angiotensinogen 
(AGT), angiotensin-converting enzyme 
(ACE) and angiotensin-II receptor 1 (AGTR1) 
polymorphisms and COVID-19 infection 
in the southeast of Iran: a preliminary case-
control study
Hamid Reza Kouhpayeh1†, Farhad Tabasi2,3†, Mohammad Dehvari4, Mohammad Naderi1, Gholamreza Bahari5, 
Tahereh Khalili3, Courtney Clark6, Saeid Ghavami6* and Mohsen Taheri4,7*   

Abstract 

Background:  The COVID-19 pandemic remains an emerging public health crisis with serious adverse effects. The 
disease is caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV--2) infection, targeting angiotensin-
converting enzyme-2 (ACE2) receptor for cell entry. However, changes in the renin-angiotensin system (RAS) balance 
alter an individual’s susceptibility to COVID-19 infection. We aimed to evaluate the association between AGT rs699 
C > T, ACE rs4646994 I/D, and AGTR1 rs5186 C > A variants and the risk of COVID-19 infection and the severity in a 
sample of the southeast Iranian population.

Methods:  A total of 504 subjects, including 258 COVID-19 positives, and 246 healthy controls, were recruited. Geno-
typing of the ACE gene rs4646994, and AGT rs699, and AGTR1 rs5186 polymorphisms was performed by polymerase 
chain reaction (PCR) and PCR-restriction fragment length polymorphism (PCR-RFLP), respectively.

Results:  Our results showed that the II genotype of ACE rs4646994 and the I allele decreased the risk of COVID-19 
infection. Moreover, we found that the TC genotype and C allele of AGT rs699 increased the risk of COVID-19 infec-
tion. The AGTR1 rs5186 was not associated with COVID-19 infection. Also, we did not find any association between 
these polymorphisms and the severity of the disease. However, we found a significantly higher age and prevalence of 
diabetes and hypertension in patients with severe disease than a non-severe disease.
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Introduction
Coronavirus diseases-2019 (COVID-19) is an emerg-
ing global pandemic caused by severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2). It was first 
identified in Wuhan, China, at the end of 2019 and has 
spread rapidly worldwide [1]. After about two years from 
the beginning of the pandemic, more than 235 million 
cases with approximately 4.8 million deaths are reported 
worldwide, with turned COVID-19 as a significant global 
crisis in modern history (https://​www.​world​omete​rs.​
info/​coron​avirus). In Iran, beyond 5.5 million cases and 
120,880 deaths due to COVID-19 are officially reported 
until the date. COVID-19 is mainly pneumonia charac-
terized by cough, a fever, shortness of breath, fatigue, 
and gastrointestinal symptoms such as anorexia, nausea, 
vomiting, and diarrhea [2]; however, all organs could be 
affected by the virus, including the endocrine [3], cardio-
vascular [4], renal [5] and nervous systems [6] regardless 
the presence of pneumonia. SARS-CoV-2 is transmitted 
from human to human by many mechanisms such as res-
piratory droplets, aerosols, and unprotected contact [7].

SARS-CoV-2 is a highly infectious virus [8, 9] that uses 
angiotensin-converting enzyme 2 (ACE2) as the major 
receptor for viral entry in humans [10–13]. It has been 
shown that SARS-CoV-2 spike (S) glycoprotein binds via 
its receptor-binding domain (RDB) with a high affinity to 
human ACE2 [14], and therefore, mediates virus inter-
nalization [10, 15]. This mechanism is quite similar to 
the SARS-CoV virus [16], but SARS-CoV-2 has a remark-
ably higher affinity for ACE2 [17]. Therefore, recognizing 
features of the angiotensin pathway in COVID-19 can 
elucidate how individuals have differences in symptoms, 
severity, complications, and mortality. Understanding 
this mechanism could also be beneficial for therapeutic 
targeting. Potentially, an imbalance in this pathway, with 
the centrality of ACE1/ACE2 activity, can be responsible 
for COVID-19 pathophysiology [18–20].

Angiotensin II receptor 1 (AGTR1) may drive 
COVID-19 pathology: AGTR1 is G-protein coupled 
receptor (GPCR), mediates signaling and most func-
tions of angiotensin-II that generated by the angi-
otensin-I converting enzyme (ACE1) [21, 22]. The 
angiotensin II via AGTR1 induces inflammation, 
apoptosis, and organ damage in pulmonary and car-
diovascular tissues [23]. Previous evidence regarding 
SARS-CoV infection, mediated by ACE-2, which highly 
express in pulmonary tissue, indicates that binding 

SARS virus results in a decrease in ACE2 activity and 
expression [17], leading to an increase in angiotensin-II 
level [24]. Further, downregulated ACE2 decreases pep-
tides converted from angiotensin-II to counteract its 
effects, including pro-apoptotic properties [18], inflam-
mation, and fibrosis [19, 20], all of which are the basis 
of COVID-19 pathobiology.

On the other hand, genetic variations of a gene poten-
tially alter the expression and functions of an encoded 
product, which can be considered the basis of inter-
individual differences in susceptibility to infectious 
diseases [25]. Although the pandemic affected many 
populations, there are discrepancies regarding symp-
toms and disease severity, ranging from asymptomatic 
to devastating pneumonia with progressive multi-organ 
involvement. Part of these differences can be due to 
underlying conditions in at-risk populations; however, 
polymorphism in pathways related to the pathobiol-
ogy of COVID-19, including angiotensin receptor and 
renin-angiotensin system (RAS), can be another con-
tributing factor [26].

Angiotensinogen is a peptide hormone encoded by 
the AGT​ gene mapped on chromosome 1q42.2 [27]. The 
rs699 (M268T, previously known as M235T) is a missense 
polymorphism on exon 2, encodes the threonine vari-
ant, which is associated with increased angiotensin lev-
els [28, 29]. Angiotensinogen is cleaved by renin, produce 
angiotensin-I, which is later converted to angiotensin-II 
by ACE1. ACE1 is encoded by the ACE gene on chromo-
some 17q23.3. The rs4646994 is a 287-bp insertion/dele-
tion (indel) variant in intron 16 of the ACE gene, which 
is strongly correlated with ACE level [30] and activity 
[31]. Finally, angiotensin-II exerts its effects via AGTR1, 
encoded by the AGTR1 gene on chromosome 3q24. The 
rs5186 (A1166C) variant is located at the 3’untranlated 
region (3’UTR) of the AGTR1 gene, potentially can affect 
mRNA stability and, therefore, AGTR1 levels [32], and 
associated with increased risk of hypertension [33].

Therefore, in addition to underlying known risk fac-
tors, host genetic predisposition may influence the risk, 
severity, and outcome of the disease [34]. Given the 
current evidence regarding the potential implication 
of angiotensin-related signaling cascade in COVID-19 
[18, 19], we investigate the association between AGT 
rs699 C > T, ACE rs4646994 indel, and AGTR1 rs5186 
C > A variants and the risk of COVID-19 infection in a 
sample of the southeast Iranian population.

Conclusions:  These findings suggest that ACE rs4646994 and AGT rs699 polymorphisms increase the risk of COVID-
19 infection in a southeast Iranian population.

Keywords:  COVID-19, SARS-CoV-2, Angiotensin, AGT​, ACE, AGTR1, Polymorphism
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Materials and methods
Subjects
The sample population for this case-control study com-
prised 258 COVID-19 subjects who tested positive for 
SARS-CoV-2 infection using real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) technique and 
246 healthy control subjects with similar geographic and 
ethnic backgrounds. According to World Health Organi-
zation (WHO) case definition, we enrolled patients who 
met with the definition for confirmed COVID-19 patient 
[35]. All patients were assessed thoroughly regarding pre-
existing conditions such as previous infectious diseases 
and underlying chronic conditions. All patients with a 
concurrent infectious disease were excluded. Samples 
were collected in Bu-Ali Sina Hospital, designated as a 
specialized center for infectious disease in Zahedan, from 
May 2020 through September 2020, in which the original 
SARS-CoV-2 was dominant. Further, the control group 
comprised individuals who tested negative to COVID-
19 by RT-PCR method AND clinical diagnostic criteria, 
which finally ruled out the disease.

Severe and non-severe cases were defined based on 
WHO guidance for disease severity definition [35]. 
Accordingly, severe cases were defined as patients with a 
positive RT-PCR result for COVID-19, and clinical signs 
comply with severe pneumonia plus one of the follow-
ing conditions: SpO2 < 90% on room air or respiratory 
rate > 30 breath/min or sign of severe respiratory distress. 
The non-severe case was defined as patients with a posi-
tive RT-PCR in the absence of any criteria for severe dis-
ease. Clinical diagnosis of participants was made by two 
infectious diseases specialists in Bu-Ali Sina Hospital. 
The study protocol was approved by the Ethics Com-
mittee of Zahedan University of Medical Sciences (IR.
ZAUMS.REC.1399). Informed consent was provided by 
all subjects or their family members.

Genotyping
Blood samples were drawn from each participant into 
a tube containing EDTA, and DNA was isolated using 
the salting-out method. We used PCR to detect ACE 

rs4646994 indel polymorphism. The PCR-restriction 
fragment length polymorphism (PCR-RFLP) method 
was applied for genotyping AGT rs699 and AGTR1 
rs5186 polymorphisms. Primer sequences, restriction 
enzymes, and length of the fragments are summarized in 
Table  1. PCR was performed in a final volume of 20 μL 
containing 1 μL of genomic DNA (~ 100 ng/μL), 1 μL of 
each primer (10 μM), and 10 μL of 2X Prime Taq Premix 
(Genet Bio, Korea) and 7 μL ddH2O. PCR conditions 
included an initial denaturing step at 95 °C for 5 min, fol-
lowed by 30 cycles of 95 °C for 30 s, annealing at 68 °C for 
AGT rs699, 60 °C for AT1R rs5186, and 66 °C for ACE 
rs4646994 for 30 s and 72 °C for 30 s, and a final extension 
at 72 °C for 5 min. The PCR product was digested by suit-
able restriction enzymes (Table  1). The fragments were 
then separated by electrophoresis in 2.5% agarose gels 
(Figs. 1, 2 and 3). We randomly selected 10% of the sam-
ples for quality control to repeat the results, which was 
100% reproducible.

Table 1  Primer sequence used for detection of ACE rs4646994, AGT rs699 and AGTR1 rs5186 gene polymorphisms

Polymorphisms Sequence (5`- > 3`) Restriction Enzyme Product size (bp) Annealing 
temperature 
(°C)

ACE rs4646994 F: GCC​CTG​CAG​GTG​TCT​GCA​GCA​TGT​
R: GGA​TGG​CTC​TCC​CCG​CCT​TGT​CTC​

– I allele: 599 bp
D allele: 312 bp

66

AGT rs699 F: CCG​TTT​GTG​CAG​GGC​CTG​GCT​CTC​T
R: CAG​GGT​GCT​GTC​CAC​ACT​GGA​CCC​C

Tth111I T allele: 165
C allele: 141 + 24

68

AGTR1 rs5186 F: AGA​AGC​CTG​CAC​CAT​GTT​TTGAG​
R: CCT​GTT​GCT​CCT​CTA​ACG​ATTTA​

DdeI A allele: 410 bp
C allele: 292 + 118

60

Fig. 1  Electrophoresis pattern of the PCR products for ACE rs4646994 
indel polymorphism detection. M: DNA marker; Lanes 1, 6: ID; Lanes 2, 
5: II; Lanes 3, 4: DD
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Statistical analysis
Statistical analysis was performed using the SPSS 20.0 
package software (IBM Corporation, USA). The Kolmog-
orov-Smirnov test was applied to assess the distribution 
normality. Comparisons were made by χ2 or independ-
ent sample t-test (or Mann-Whitney test, as appropriate) 
according to the data. Logistic regression analyses were 
used to calculate the odds ratios (ORs) and 95% confi-
dence intervals (CIs) under different genetic models to 
explore the association between genotypes, COVID-19 
infection risk, and disease severity. The level of statistical 
significance was defined as p < 0.05.

Results
The study group included 258 confirmed COVID-19 
patients (144 males, 114 females) and 246 healthy sub-
jects (132 males, 114 females). The mean (SD) age of 
patients and controls were 50.23 (14.82) and 49.01 
(14.95), respectively, and the median (IQR) of patients 
and control was 51.0 (23.0) and 48.5 (24.0), respectively. 
There was no statistically significant difference between 
the groups (p = 0.39). The demographic and clinical char-
acteristics of patients are summarized in Table  2. Also, 
we compared COVID-19 patients based on the disease 
severity. Although there were no differences regard-
ing sex between severe and non-severe cases (p = 0.31), 
patients with severe disease had significantly higher age 
than non-severe patients (p  = 0.003). Additionally, we 
compared patients with established hypertension and 
diabetes (based on their medical records and investi-
gations/examinations during hospitalization); the fre-
quency of hypertension and diabetes was significantly 
higher in patients with severe disease (p  < 0.001 and 
p = 0.042, respectively). The characteristics of severe and 
non-severe cases are summarized in Table 3.

The genotype and allele frequencies of ACE rs4646994, 
AGT rs699, and AGTR1 rs5186 are shown in Table  4. 
We calculated the Hardy-Winberg equilibrium (HWE) 
for patients and control subjects of each polymorphism. 
The results showed that distributions of ACE 4646994 

Fig. 2  Electrophoresis pattern of the PCR-RFLP products for AGT 
rs699 polymorphism detection. M: DNA marker; Lanes 1, 4: TC; Lanes 
2, 3: TT

Fig. 3  Electrophoresis pattern of the PCR-RFLP products for AGTR1 
rs5186 polymorphism detection. M: DNA marker; Lanes 1, 4: AA; 
Lanes 2, 3: AC

Table 2  Demographic characteristics of COVID-19 patients and 
control individuals

Analyzed by *χ2 and ** Mann-Whitney tests

Abbreviations: SEM standard error of mean, IQR interquartile range

Characteristics Patients, n (%) Control, n (%) p

Gender Male 144 (55.8) 132 (53.7) 0.34*

Female 114 (44.2) 114 (46.3)

Total 258 (100) 246 (100)

Age Mean (SD) 50.23 (14.82) 49.01 (14.95) 0.39**

Median (IQR) 51.0 (23.0) 48.5 (24.0)
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and AGTR1 rs5186 (patients) were in HWE (p  > 0.05), 
but distributions of AGTR1 rs5186 (controls) and AGT 
rs699 groups significantly deviated from HWE (p < 0.05, 
Table 4).

Association between the ACE rs4646994, AGT rs699, 
and AGTR1 rs5186 variants and risk of COVID‑19 infection
The frequency of ACE rs4646994, AGT rs699, and 
AGTR1 rs5186 polymorphisms in COVID-19 patients 
and control subjects are shown in Table  4. The results 
revealed significant differences between the ACE 
rs4646994 and ATG rs699 polymorphisms, but not 
the ATGR1 rs5186 variant between patient and con-
trol groups. Our analyses of ACE rs4646994 shows that 
rs4646944 is associated with lower risk of COVID-19 in 

heterozygous (OR = 0.35, 95%CI = 0.23–0.52, p  < 0.001, 
ID vs DD), homozygous (OR = 0.23, 95%CI = 0.13–0.41, 
p < 0.001, II vs DD), dominant (OR = 0.31, 95%CI = 0.21–
0.46, p  < 0.001, ID+DD vs DD), recessive (OR = 0.40, 
95%CI = 0.24–0.67, p  < 0.001, II vs ID+II), and over-
dominant (OR = 0.51, 95%CI = 0.36–0.74, p < 0.001, ID vs 
DD + II) models increased the risk of COVID-19 infec-
tion. In addition, the I allele was significantly associated 
with decreased risk of COVID-19 infection (OR = 0.43, 
95%CI = 0.33–0.56, p  < 0.001, I vs. D). These results 
showed that the D allele can be considered a risk fac-
tor for COVID-19 (Table  5). Genotyping of AGT rs699 
revealed a remarkable difference between COVID-19 
positive patients and healthy controls; TC genotype 
(OR = 8.43, 95% CI = 4.99–14.24, p < 0.001, TC vs. TT) as 
well as C allele (OR = 2.25, 95% CI = 1.71–2.96, p < 0.001, 
C vs. T) increased the risk of COVID-19 infection. As 
presented in Table 5, there was no significant difference 
in genotype and allelic distribution of AGTR1 rs5186 
gene polymorphisms between COVID-19 patients and 
controls (p > 0.05). We performed the logistic regression 
adjusted for age and sex, which the result was the same as 
crude analysis (Table 5).

Association between the ACE rs4646994, AGT rs699, 
and AGTR1 rs5186 variants and the severity of COVID‑19 
infection
We compared the prevalence of ACE rs4646994, AGT 
rs699, and AGTR1 rs5186 polymorphisms between 
severe and non-severe cases of COVID-19 (Table 6). As 
presented in Table 6, there was no significant difference 
in genotype and allelic distribution of ACE rs4646994, 
AGT rs699, and AGTR1 rs5186 gene polymorphisms 
and severity of the disease. However, ACE rs4646994 
showed a significant association with non-severe 

Table 3  Demographic and clinical characteristics of severe and 
non-severe patients

Analyzed by *χ2 and ** Mann-Whitney tests

Abbreviations: SEM standard error of mean, IQR interquartile range

Characteristics Non-Severe, 
n(%)

Severe, n(%) p

Gender Male 55 (51.9) 89 (58.6) 0.31*

Female 51 (48.1) 63 (41.4)

Total 106 (100) 152 (100)

Age Mean (SD) 45.69 (13.87) 52.27 (14.82) 0.003**

Median (IQR) 46.0 (23.5) 52 (23.0)

Hypertension Yes 8 (16.7) 65 (43.9) < 0.001*

No 40 (83.3) 83 (56.1)

Total 48 (100) 148 (100)

Diabetes Yes 10 (20.8) 53 (35.3) 0.042*

No 38 (79.2) 97 (64.7)

Total 48 (100) 150 (100)

Table 4  Alleles and genotypes frequencies of ACE rs4646994, AGT rs699 and AGTR1 rs5186 polymorphisms in COVID-19 patients and 
control subjects

Abbreviation: HWE Hardy-Weinberg equilibrium

Polymorphism Group Genotypes, n (%) Allele, n (%) HWE

χ2 p

DD DI II D I
ACE rs4646994 Patients 144 (55.8) 89 (34.5) 25 (9.7) 377 (73.6) 139 (26.94) 3.94 0.052

Controls 70 (28.7) 123 (50.4) 51 (20.9) 263 (53.89) 225 (46.11) 0.05 0.90

TT TC T C
AGT rs699 Patients 20 (9.2) 197 (90.8) – 237 (54.61) 197 (45.39) 142.9 < 0.001

Controls 113 (46.1) 132 (53.9) – 358 (73.06) 132 (26.94) 33.3 < 0.001

AA AC CC A C
AGTR1 rs5186 Patients 154 (74.4) 49 (23.7) 4 (1.9) 357 (86.81) 57 (13.19) 0.001 > 0.99

Controls 185 (75.8) 59 (24.2) 0 429 (87.91) 59 (12.09) 4.61 0.031
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disease in recessive model (OR = 0.42, 95%CI = 0.18–
0.99, p = 0.03, II vs DD + ID). Also, the C allele of AGTR1 
rs5186 was a significant association with non-severe 
disease (OR = 0.51, 95%CI = 0.29–0.90, p  = 0.01, C vs. 
A). These trends were not observed in other hereditary 
models (Table 6). Further, we performed logistic regres-
sion adjusted for age, sex, and existence for diabetes and 
hypertension. The results were the same as the crude 

analyses regarding the association between genetic mod-
els and severity (Table 6).

Discussion
In the present study, we explored the association of three 
important variants in the angiotensin pathway with 
susceptibility to COVID-19 in patients from southeast 
Iran. Our result showed that ACE indel and ATG rs699 

Table 5  Genotypes and allele frequencies of ACE rs4646994, ATG rs699 and AGTR1 rs5186 polymorphisms in COVID-19 patients and 
controls

a Adjusted for age and sex

Polymorphisms Genetic Models Patients, n (%) Control, n (%) Crude analysis Adjusted analysisa

ACE rs4646994 Codominant OR (95% CI) p OR (95% CI) p
DD 144 (55.8) 70 (28.7) 1.00 – 1.00 –

ID 89 (34.5) 123 (50.4) 0.35 (0.23–0.52) < 0.001 0.38 (0.24–0.60) < 0.001
II 25 (9.7) 51 (20.9) 0.23 (0.13–0.41) < 0.001 0.11 (0.05–0.21) < 0.001
Dominant
DD 144 (55.8) 70 (28.7) 1.00 – 1.00 –

ID + II 114 (44.2) 174 (71.3) 0.31 (0.21–0.46) < 0.001 0.27 (0.18–0.42) < 0.001
Recessive
DD + ID 233 (90.3) 193 (79.1) 1.00 – 1.00 –

II 25 (9.7) 51 (20.9) 0.40 (0.24–0.67) < 0.001 0.18 (0.09–0.34) < 0.001
Overdominant
DD + II 169 (65.5) 121 (49.6) 1.00 – 1.00 –

ID 89 (34.5) 123 (50.4) 0.51 (0.36–0.74) < 0.001 0.71 (0.47–1.06) 0.058

Alleles
D 377 (73.6) 263 (53.89) 1.00 – 1.00 –

I 139 (26.94) 225 (46.11) 0.43 (0.33–0.56) < 0.001 0.32 (0.24–0.43) < 0.001
ATG rs699 Codominant

TT 20 (9.2) 113 (46.1) 1.00 –

TC 197 (90.8) 132 (53.9) 8.43 (4.99–14.24) < 0.001 18.17 (9.88–33.39) < 0.001
Alleles
T 237 (54.61) 358 (73.06) 1.00 – 1.00 –

C 197 (45.39) 132 (26.94) 2. 25 (1.71–2.96) < 0.001 3.61 (2.58–5.05) < 0.001
ATGR1 rs5186 Codominant

AA 154 (74.4) 185 (75.8) 1.00 – 1.00 –

AC 49 (23.7) 59 (24.2) 0.99 (0.64–1.54) 0.5 0.83 (0.51–1.36) 0.28

CC 4 (1.9) 0 – – – –

Dominant
AA 154 (74.4) 185 (75.8) 1.00 – 1.00 –

AC + CC 53 (25.6) 59 (24.2) 1.07 (0.70–1.65) 0.40 0.90 (0.55–1.45) 0.38

Recessive
AA + AC 203 (98.1) 244 (100) 1.00 – 1.00 –

CC 4 (1.9) 0 – – – –

Overdominant
AA + CC 158 (76.3) 185 (75.8) 1.00 – 1.00 –

AC 49 (23.7) 59 (24.2) 0.97 (0.62–1.50) 0.49 0.82 (0.50–1.33) 0.24

Alleles
A 357 (86.81) 429 (87.91) 1.00 – 1.00 –

C 57 (13.19) 59 (12.09) 1.10 (0.74–1.63) 0.34 0.99 (0.64–1.52) 0.52
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is associated with susceptibility to COVID-19 infection; 
however, we did not observe any association between 
these polymorphisms and the risk of severe disease, but 
the age and prevalence of diabetes and hypertension in 
patients with severe disease were remarkably higher than 
patients with a non-severe disease.

COVID-19 infection has a variety of symptoms and 
severity in different individuals. Symptoms of patients 
infected with SARS-CoV-2 range from entirely asymp-
tomatic to mild constitutional symptoms, which are 
commonly manifesting with fever, cough, and fatigue, 
to severe pneumonia associated with acute respiratory 

Table 6  Genotypes and allele frequencies of ACE rs4646994, ATG rs699 and AGTR1 rs5186 polymorphisms in non-severe and severe 
COVID-19 patients

a Adjusted for age, sex, hypertension and diabetes

Polymorphisms Genetic Models Severe, n (%) Non-severe, n (%) Crude analysis Adjusted analysisa

OR (95% CI) p OR (95% CI) p

ACE rs4646994 Codominant
DD 84 (55.3) 60 (56.6) 1.00 – 1.00 –

ID 58 (38.2) 31 (29.2) 1.33 (0.77–2.31) 0.18 1.12 (0.57–2.21) 0.42

II 10 (6.6) 15 (14.2) 0.47 (0.20–1.13) 0.06 0.70 (0.14–3.45) 0.49

Dominant
DD 84 (55.3) 60 (56.6) 1.00 – 1.00 –

ID + II 68 (44.7) 46 (43.4) 1.05 (0.64–1.74) 0.46 1.06 (0.55–2.05) 0.48

Recessive
DD + ID 142 (93.4) 91 (85.8) 1.00 – 1.00 –

II 10 (6.6) 15 (14.2) 0.42 (0.18–0.99) 0.03 0.66 (0.13–3.19) 0.46

Overdominant
DD + II 94 (61.8) 75 (70.8) 1.00 – 1.00 –

ID 58 (38.2) 31 (29.2) 1.49 (0.87–2.53) 0.08 1.16 (0.59–2.25) 0.39

Alleles
D 226 (74.5) 151 (75.0) 1.00 – 1.00 –

I 78 (25.50) 61 (25.0) 0.85 (0.57–1.26) 0.24 0.99 (0.58–1.68) 0.54

ATG rs699 Codominant
TT 8 (6.3) 12 (13.3) 1.00 – 1.00 –

TC 119 (93.7) 78 (86.7) 2.28 (0.89–5.85) 0.06 2.33 (0.75–7.14) 0.11

Alleles
T 135 (53.15) 102 (56.67) 1.00 – 1.00 –

C 119 (46.85) 78 (43.44) 1.15 (0.78–1.69) 0.26 1.16 (0.70–1.90) 0.31

ATGR1 rs5186 Codominant
AA 96 (80.0) 58 (66.7) 1.00 – 1.00 –

AC 23 (19.2) 26 (29.9) 0.53 (0.27–1.02) 0.06 0.55 (0.24–1.25) 0.11

CC 1 (0.8%) 3 (3.5) 0.20 (0.02–1.98) 0.16 0.30 (0.01–4.97) 0.41

Dominant
AA 95 (80 58 (66.7) 1.00 – 1.00 –

AC + CC 24 (20.0) 19 (35.3) 0.77 (0.38–1.52) 0.28 0.53 (0.23–1.18) 0.09

Recessive
AA + AC 119 (99.2) 84 (96.5) 1.00 – 1.00 –

CC 1 (0.8) 3 (3.5) 23 (0.02–2.30) 0.20 0.34 (0.02–5.69) 0.45

Overdominant
AA + CC 97 (80.8) 61 (70.1) 1.00 – 1.00 –

AC 23 (19.2) 26 (29.2) 0.55 (0.29–1.06) 0.052 0.56 (0.24–1.28) 0.12

Alleles
A 215 (89.58) 142 (81.61) 1.00 –

C 25 (10.42) 32 (18.39) 0.51 (0.29–0.90) 0.01 0.56 (0.27–1.14) 0.08
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distress syndrome (ARDS), systemic inflammation, and 
organ failure [36, 37]. The latter frequently necessitated 
hospitalization and intensive care [38]. Certain individu-
als are at increased risk for developing more sympto-
matic and severe illnesses. Previous studies introduced 
older ages [39] and specific medical conditions, including 
diabetes and hypertension, as major risk factors for more 
severe disease [38, 40, 41]. This was consistent with our 
results that demonstrated a higher prevalence of hyper-
tension and diabetes in severe COVID-19, as well as 
older age.

On the other hand, other host factors, such as genetic 
variations, can be responsible for the observed differ-
ences in susceptibility and disease severity. Mounting evi-
dence indicates that the RAS imbalance, which is closely 
associated with ARDS [42], plays a key role in COVID-
19 pathophysiology [43]. SARS-CoV-2 binds to ACE-II 
surface receptors, one of the major components of RAS 
for cell entrance in humans [10, 11]. Angiotensinogen 
converted by renin to angiotensin-I and then by ACE to 
angiotensin-II. Notably, angiotensin-II, via binding to 
AGTR1, induces a pro-inflammatory state, vasoconstric-
tion, and subsequently fibrosis. ACE2, the known target 
surface receptor of SARS-CoV-2, converts angiotensin-
II to angiotensin 1–7. Angiotensin 1–7 has contradic-
tory effects to angiotensin-II, such as anti-inflammatory 
and vasodilatory actions [44]. Binding SARS-CoV-2 to 
ACE2 can change the ACE/ACE2 balance, which may 
increase angiotensin-II levels, and further increase its 
harmful effects, mainly in lung tissue [45, 46]. This pro-
cess can be the starting point of ARDS and subsequent 
cytokine overproduction and over-activation, known as 
the cytokine storm. Patients with underlying diabetes 
and hypertension show a decreased ACE2 expression 
state, associated with increased angiotensin-II and a pro-
inflammatory condition [47]. Therefore, a more severe 
COVID-19 may occur in these patients [48].

Any alteration in expression and function of RAS ele-
ments, for instance, caused by genetic variations, can 
results in differences in susceptibility to COVID-19 
pathogenesis. Previously reported that the C allele (thre-
onine variant) of AGT rs699 is associated with increased 
plasma angiotensinogen and hypertension [29, 49, 50]. 
Therefore, this variant potentially could be associated 
with increased susceptibility to COVID-19. Consistent 
with this hypothesis, we observed that TC genotype and 
C allele of rs699 were associated with 8.4- and 2.2-fold 
increase in the risk of COVID-19 compared to TT geno-
type and T allele, respectively. Although patients with 
severe disease in our study had a higher prevalence of TC 
genotype and C allele, we did not observe a statistically 
significant difference, which could be due to the relatively 
small sample size.

The ACE rs4646994 is a common indel polymor-
phism with 287-bp Alu-type sequence at the intron 
16 position, leading to higher ACE activity and serum 
levels and angiotensin-II levels in D carriers [51, 52]. 
This elevated level could be a strong risk factor for car-
diovascular and renal diseases [53]. Also, a positive cor-
relation between the D allele, ACE levels, and ARDS 
has been observed [54]. However, its association with 
hypertension seems to be ethnic-dependent [55]. Car-
riers of the D allele are reported to have a higher risk 
for COVID-19 infection, severity, and outcome [26, 56]. 
In a study on the Asian population, Pati et al. revealed 
a positive correlation between the D allele and SARS-
CoV-2 infection [57]. Verma et  al. reported that the 
DD genotype, D allele, diabetes, and hypertension were 
significantly higher in severe cases of COVID-19 [58]. 
Yamamoto et  al. also showed that the II genotype has 
a strong negative correlation with COVID-19 preva-
lence and death [59]. Similar to previous findings, we 
observed a marked decrease of COVID-19 risk in car-
riers of the I allele in the present study. The presence 
of the I allele significantly reduced the risk of COVID-
19 in all hereditary models, which means that the D 
allele is a risk factor for COVID-19 infection. Further, 
we found that II genotype in recessive model, decreases 
the risk of severe disease. Although not statistically sig-
nificant, the same trend was observed in codominant 
model.

The ATGR1 rs5186 variant is one of the most exten-
sively studied polymorphisms associated with essential 
hypertension [33]. This polymorphism alters the tran-
scription of impairs the binding of target microRNA 
(i.e., miR-155), leading to increased expression of the 
AGTR1 gene [60]. Thus, it could be associated with a 
higher response to angiotensin-II. However, we could 
not find any significant association between rs5186 
and susceptibility to COVID-19 in our studied sample 
population.

In conclusion, our results suggest ACE rs4646994 and 
AGT rs699 are associated with the risk of COVID-19 
infection and may be used as predictive biomarkers, 
for instabce the diagnosis of patients at higher risk for 
developing COVID-19 infection. We found that ACE 
rs4646994 I allele and AGT C allele are associated with 
decreased and increased risk of COVID-19 infection, 
respectively. In addition, age, diabetes, and hyperten-
sion are risk factors for severe COVID-19 infection. 
Further studies with a larger sample size in different 
populations are required to validate our findings.
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