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Abstract
Angiotensin-converting enzyme 2 (ACE2) receptors facilitate the entry of the caus-
ative virus severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2) into 
target cells. Some ACE gene variants have been suggested to be involved in CO-
VID-19 pathogenesis. So, the aim was to assess the association between ACE1 
rs4646994 and ACE2 rs2285666 genes polymorphisms and the susceptibility and 
severity of COVID-19. This case-control study was conducted on 197 patients with 
COVID-19 and 197 healthy controls. ACE-1 insertion/deletion (I/D) (rs4646994) 
and ACE2 rs2285666 genes polymorphisms were determined by the amplification 
refractory mutation system- polymerase chain reaction (ARMS-PCR) technique. 
The DD genotype of ACE1 I/D polymorphism was associated with increased sus-
ceptibility to COVID-19 infection (p = 0.012), whereas the ID genotype of this 
polymorphism was associated with decreased susceptibility (p = 0.003) (significance 
level = 0.017). There was no significant association in allele and genotype distribu-
tion of ACE2 rs2285666 polymorphism between cases and controls. The ACE1 
I/D polymorphism may be considered as a risk factor for COVID-19 susceptibility.

Keywords  COVID-19 · SARS-CoV-2 · Angiotensin-converting enzyme 2 · 
Polymorphism · Iran

Introduction

Coronavirus disease 2019 (COVID-19), a respiratory disease emerged in December 
2019, is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
which has become a major public health problem in recent years throughout the 
world (Zhu et al. 2020). So far, more than 660 million people have been infected with 
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COVID-19 and more than 6.7 million have died due to COVID-19 and these figures 
are increasing day by day (Delanghe et al. 2020). COVID-19 can be asymptomatic 
or presents with mild symptoms to severe pneumonia, which can progress to respira-
tory failure or death due to adult respiratory distress syndrome (ARDS) (Wang et al. 
2020a, 2020b; Hu et al. 2020). Hence more recent attention has focused on the iden-
tification of mechanisms that are involved in COVID-19 susceptibility and develop-
ment (Harrison et al. 2020; Mi et al. 2020). One of the issues that emerged from these 
researches was that the prognosis of COVID-19 could varies widely depending upon 
various risk factors, such as male sex, older age, ethnicity, and comorbidities (e.g. 
hypertension (HTN), diabetes, obesity and etc.) (Fang et al. 2020; Gao et al. 2021; 
Sanyaolu et al. 2020). Furthermore, researchers hypothesized that the existence of 
common genes polymorphisms or inherited predispositions might place people at 
higher risk of COVID-19 from the beginning (Öztürk 2020). Some notable examples 
of this issue would be polymorphisms in the genes encoding the renin-angiotensin 
system (RAS) members that affect mutual expression levels of Angiotensin-convert-
ing enzyme 1 (ACE1) and 2 leading to increased capillary permeability, thrombosis, 
alveolar cells apoptosis, and accelerating lung damage in SARS-CoV-2 infection 
(Kenyon 2020; Pati et al. 2020; Yamamoto et al. 2021a, 2021b).

SARS-CoV-2 adsorption to susceptible target cells has been shown to be predomi-
nantly mediated by the interaction of ACE2 enzyme with the virus spike (S) pro-
tein (Verdecchia et al. 2020). ACE2 is an integral part of RAS expressing in various 
cells especially lung alveolar epithelial cells, which counteracts the effects of ACE1 
(Hamming et al. 2007; Devaux et al. 2020). The ACE2 enzyme converts Angiotensin 
II (Ang II) to Ang 1–7 (Hamming et al. 2007). Ang II stimulates vasoconstriction, 
proliferation, inflammation, and fibrosis (Hamming et al. 2007; Wang et al. 2020a, 
2020b). Data from several sources have identified the dysregulation of RAS members 
associated with COVID-19 pathogenesis and development (Yamamoto et al. 2021a, 
2021b). It has been proposed that binding of SARS-CoV-2 to ACE2 may cause the 
down-regulation of ACE2 expression; this increases Ang II level that induces pro-
inflammatory signals and triggers cytokine storm involved in ARDS and organ dam-
age (Gemmati et al. 2020; Liu et al. 2020; Bakhshandeh et al. 2021).

In line with this, evidence suggests that the ACE2 rs2285666 polymorphism 
(transition G8790A) is among the most important ones that might affect COVID-
19 (Devaux et al. 2020; Gemmati et al. 2020). This is exemplified in the work that 
shows its associations with comorbidities affecting COVID-19, such as HTN, type 2 
diabetes mellitus (DM), and coronary heart disease, even though some issues remain 
almost inconclusive and ambiguous (Chaoxin et al. 2013; Pinheiro et al. 2019; Yang 
et al. 2015). The ACE2 rs2285666 polymorphism has been documented to affect the 
ACE2 gene expression through mRNA alternate splicing in the light of its location at 
the beginning of the intron 3 (Yang et al. 2015; Li 2012). ACE2 polymorphism might 
cause changes in the secondary structure of RNA and this change may result in dis-
ruption of ACE2 translation or protein stability, which in turn could result in altered 
binding of SARS-CoV-2 to the ACE2 receptor. The secondary structure of mRNA 
caused by ACE2 polymorphisms might make proteins more susceptible to proteases. 
Decreased ACE2 protein levels and the loss of protective effects of ACE2 pathway 
could contribute to the severe effects of SARS-CoV-2 infection. Unlike autosomal 
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genes (e.g., ACE1), X-linked ACE2 gene cannot present heterozygous condition and 
its advantages in males in case of polymorphisms and mutations (Gemmati et al. 
2020). This is a good illustration of the male carrier of G-allele that shows a lower 
enzymatic activity of ACE2 rather than A-allele counterpart (Pinheiro et al. 2019; 
Wu et al. 2017). Interestingly it has been demonstrated that the patients with DD 
genotype characterized by a higher ACE1 enzyme activity in conjunction with GG-
females or G-males that have reduced ACE2 activity, are more susceptible to HTN 
mainly in relation to widely known cardiovascular risk factors, for instance dyslip-
idemia, old age, and diabetes (Pinheiro et al. 2019). In line with this, the mentioned 
study has provided a deeper insight into this issue that an excessively activated RAS 
induced by inherited predispositions influencing the ACE1/ACE2 equilibrium and 
in association with various risk factors might lead to the disturbance of normal tis-
sue homeostasis (Gemmati et al. 2020; Pinheiro et al. 2019). Taken together, this 
condition can lead to organs dysfunction (e.g., lungs) in the case of SARS-CoVs that 
induce ACE1/ACE2 imbalance through the binding of ACE2 receptor (Gemmati et 
al. 2020; Pinheiro et al. 2019).

In addition, the ACE1 rs4646994 polymorphism can also play an important role 
in addressing the issue of inherited predispositions (Itoyama et al. 2004; Marshall 
et al. 2002; Rigat et al. 1990). The ACE1 enzyme is a homologue of ACE2 that 
increases blood pressure by converting the Ang I to Ang II and consequently result-
ing in the control of body fluid volume (Coates 2003). The ACE1 rs4646994 poly-
morphism is an insertion/deletion (I/D) genetic variation defined as the presence or 
absence of a 287-base pair Alu sequence in intron 16 (Gemmati et al. 2020). In this 
research, one of the causal factors leading to the study of rs4646994 was that its asso-
ciation with alterations in serum ACE1 levels and activity, which is a crucial factor 
in COVID-19 pathogenesis (Rigat et al. 1990; Mizuiri et al. 2001). In this context, 
previous research has established that 47% of serum ACE1 phenotypic variation is 
strongly dependent upon the I/D polymorphism which this can be seen in the case 
of DD genotype showing the highest serum/tissue ACE1 levels, ID genotype having 
intermediate levels, and the II variant expressing the lowest ones (Rigat et al. 1990; 
Mizuiri et al. 2001). The DD genotype of this polymorphism has been also associated 
with comorbid conditions related to COVID-19, such as HTN, diabetes, and lung 
disorders (e.g., asthma) (Yamamoto et al. 2021a, 2021b; Gard 2010). The above-
mentioned polymorphism is also considered as a risk factor for ARDS and SARS 
(Itoyama et al. 2004; Marshall et al. 2002; Jerng et al. 2006). By way of illustration, 
Itoyama et al. showed that the D allele frequency is significantly higher in hypoxic 
SARS group in comparison with the non-hypoxic ones (Itoyama et al. 2004). How-
ever, this differs from the findings presented by Chan et al. that showed no significant 
differences in I/D polymorphism between SARS patients and control group (Chan 
et al. 2005). Other authors also supported the higher frequency of ACE1 DD geno-
type in ARDS patients compared to the controls and determined its association with 
mortality in them (Marshall et al. 2002). Analysis of genotype frequencies in another 
article also succeeded to show the better chance of survival in ARDS patients with II 
genotype (Jerng et al. 2006).

Considering various effects of genetic polymorphisms on the susceptibility of dif-
ferent populations and ethnicities to COVID-19, this study aimed to evaluate how 
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certain genetic variants in the ACE1 rs4646994 and ACE2 rs2285666 genes affect 
COVID-19 in the east region of Iran.

Material and Method

Study Population

This case-control research was conducted on 197 hospitalized patients newly diag-
nosed with COVID-19 referred to Vali-Asr Hospital (Birjand, Iran) between June 
2021 to September 2021 (mean age: 59.18 years, range 2–94). The confirmed 
COVID-19 patients were cases with positive results of quantitative PCR tests for 
Alpha and Delta variants of SARS-CoV-2 (Huang et al. 2020).

Patients with COVID-19 were categorized into two groups based on the sever-
ity of the disease. The disease severity of COVID-19 was defined according to the 
patients’ symptoms, laboratory tests and imaging findings. Hospitalized patients 
with clinical symptoms or present pneumonia on chest computed tomography (CT) 
scan were considered as moderate patients (n = 154) while severe to critical cases 
(n = 43) were defined as having the following criteria: severe respiratory distress, 
respiratory rate ≥ 30 (breaths/minute), O2 saturation (SpO2) ≤ 90% at rest, Horovitz-
quotient (P/F ratio) ≤ 300 mmHg and lung involvement > 50 (Wei 2020). We also 
studied 197 age-matched volunteer individuals as the control group (mean age 70.01 
years, range 50–81) without any history of COVID-19 confirmed by RT-PCR test for 
SARS-CoV-2.

Clinical characteristics of individuals were collected through questionnaires which 
included demographic information, such as age, body mass index (BMI), smoking 
habits, and the presence of comorbidities diabetes mellitus, coronary artery disease, 
HTN, and chronic obstructive pulmonary disease (COPD)). Other clinical data were 
collected from the participants’ medical records. Some individuals were excluded 
from the study based on the presence of any infectious and immune-related disorder. 
written informed consent was obtained from all participants in this study. The Ethics 
Committee of Birjand University of Medical Sciences, Birjand, Iran approved the 
study (Ethical code: IR.BUMS.REC.1399.060).

DNA Extraction and Genotyping

Genomic DNA was isolated from the leukocytes of blood specimens using a manual 
procedure (salting-out). The purity of extracted DNA was evaluated by Epoch micro-
plate spectrophotometer (Epoch, BioTek, USA) and samples were kept at − 20 °C 
until use. In this study, we used amplification refractory mutation system PCR 
(ARMS-PCR) assay to detect mentioned polymorphisms. The ARMS primers were 
designed by the Primer3 software. The primers sequences were as follow: ACE1 
rs4646994, forward primer 5′-​C​T​G​G​A​G​A​C​C​A​C​T​C​C​C​A​T​C​C​T​T​T​C​T -3′; reverse 
primer 5′-​G​A​T​G​T​G​G​C​C​A​T​C​A​C​A​T​T​C​G​T​C​A​G​A​T-3′ and for ACE2 rs2285666, for-
ward inner primer (T allele) 5′-​T​A​A​T​C​A​C​T​A​C​T​A​A​A​A​A​T​T​A​G​T​A​T​C​C − 3′; reverse 
inner primer (C allele) 5′-​G​C​T​T​A​T​T​A​C​T​T​G​A​A​C​C​A​G​G​G​A​A-3′; forward outer 

1 3



Biochemical Genetics

primer 5′-​A​A​G​T​A​A​A​T​G​T​G​A​T​A​C​A​A​T​T​T​A​C​A​A​G-3′; reverse outer primer 5′-​A​A​
A​G​G​A​T​A​T​C​T​T​T​A​T​A​T​T​A​G​C​A​T​T​C-3′. Amplification conditions comprised of an 
initial denaturing stage 95  °C (5  min) and followed by 35 cycles of denaturation 
at 95  °C (45  s), annealing at 50 and 63  °C (45  s) for rs2285666 and rs4646994, 
respectively, and extension at 72 °C (30 s); as well as a final extension stage at 72 °C 
(5 min). PCR products were electrophoresed on 1.5% agarose gel stained with safe 
stain dye and visualized by a gel documentation system (Fig. 1).

Statistical Analysis

Data were analyzed using SPSS software (version 22, SPSS Inc., Chicago, IL, USA). 
The normality of the article data was assessed by Kolmogorov–Smirnov statistic test. 
The continuous quantitative variables were described as mean ± standard deviation 
(SD). Accordingly, the student’s T-test or Mann-Whitney U analysis was conducted 
to compare continuous quantitative variables depending on the data distribution 
between groups. Statistical analysis of differences between categorical variables was 
performed by Chi-square test (or Fisher’s exact test). We measured the odds ratio 
(OR) at 95% confidence intervals (CI) by logistic regression analysis to describe the 
strength of association. Associations between genomic variants and COVID-19 sus-
ceptibility, severity, as well as mortality were assessed in different models, including 
dominant, recessive and co-dominant. In the light of the ACE2 gene location on the 
X-chromosome, female and male individuals were analyzed separately in the study. 
Hardy–Weinberg equilibrium (HWE) for the accordance of genotype frequencies 
distribution was analyzed using the chi-square test. For all tests, p-values less than 
0.05 were considered statistically significant.

Fig. 1  a Representative agarose gel electrophoresis of ACE1 rs4646994 polymorphism, Lane M; 100-
bp DNA ladder; II genotype was showed as a single band at 490 bp (lane marked with II), the ID 
genotype; two bands at 490 and 190 bp (lanes marked with ID) and the DD genotype; a single band 
at 190 bp (lanes marked with DD). b َAgarose gel electrophoresis of ACE2 rs2285666 polymorphism; 
Lane M; 100-bp ladder; CC genotype was showed as two bands at 313 and 201 bp (lanes marked with 
CC), TT genotype; two bands at 313 and 159 bp (lanes marked with TT), and the CT genotype; three 
bands at 313, 201 and 159 bp (lanes with marked CT)
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Results

The demographic data of COVID-19 cases were summarized in Table 1. The control 
group composed of 104 (52.8%) men and 93 (47.2%) women with a median age of 
64 (IQR: 28) at the beginning of the investigation. As correlational analyses showed, 
COVID-19 appeared to be unaffected by age and sex. Furthermore, the overall mean 
BMI in controls was 26.43 ± 5.37 kg/m2, which did not significantly vary from the 
patients.

In addition, we compared patients based on the disease severity. The results, as 
shown in Table 1, demonstrated that there is a statistically significant difference in 
median age between moderate (58 yrs.; IQR: 27) and severe to critical patients (72 
yrs.; IQR: 35) (p = 0.002). Furthermore, the chi-square test showed that the percent-
age of COPD in severe to critical patients was remarkably higher than in moderate 
ones (p = 0.002). The other variables, such as sex, smoking habit, HTN, DM, and 
CAD were not found significant between groups (Table 1).

Table 1  Clinical and demographic features of COVID-19 patients between moderate and severe to critical 
cases
Parameter Moderate cases (n = 154) Severe to critical cases

(n = 43)
P 
value

Age*(years), median [IQR] 58 (Yang et al. 2015) 72 (Marshall et al. 2002) 0.002
Sex, n (%)
M/F 92 (59.7)/ 62 (40.3) 21 (48.8)/ 22 (51.2) 0.201
BMI (kg/ m2), mean ± SD 26.59 ± 5.44 25.95 ± 5.27 0.492
BMI classification, n (%) 0.243
Underweight 11 (7.1) 6 (14)
Normal 57 (37) 12 (27.9)
Overweight 40 (26) 16 (37.2)
Obese 40 (26) 7 (16.3)
Extremely obese 6 (3.9) 2 (4.7)
Shortness of breath, n (%) 70 (45.5) 19 (44.2) 0.883
Smoking habit, n (%) 8 (5.2) 0 (0) 0.127
Hypertension, n (%) 44 (28.6) 9 (20.9) 0.318
Diabetes, n (%) 14 (9.1) 3 (7) 0.662
CAD, n (%) 8 (5.2) 2 (4.7) 0.886
COPD*, n (%) 9 (5.8) 9 (20.9) 0.002
Laboratory tests
PT*(sec), median [IQR] 12.5 [1.5] 13.5 [1.9] 0.014
PTT(sec), median [IQR] 37 (Sanyaolu et al. 2020) 38 (Pati et al. 2020) 0.223
CRP(mg/L), median [IQR] 39.5 (Mizuiri et al. 2001) 43.9 (Pinheiro et al. 2019) 0.309
ESR(mm/h), median [IQR] 29.7 (Pouladi and Abdolahi 

2021)
32.6 (Tikellis and Thomas 
2012)

0.494

The p values indicate the statistical significance between the moderate and severe to critical cases
Abbreviations: IQR, Interquartile Range; M, male; F, female; BMI, Body Mass Index; SD, Standard 
Deviation; CAD, Coronary Artery Disease; COPD, Chronic Obstructive Pulmonary Disease; PT, 
Prothrombin Time; PTT, Partial Thromboplastin Time; CRP, C Reactive Protein; ESR, Erythrocyte 
Sedimentation Rate
The p value significance showe in bold formate
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The results showed that the median age of patients in intensive care unit is sig-
nificantly higher than that of infectious disease ward (72 yrs. [IQR: 36] vs. 58.5 yrs.; 
[IQR: 28]; p = 0.006). Moreover, ICU-admitted patients compared to other ones had 
a higher percentage of COPD (22% vs. 5.8%; p = 0.004). Besides these results, it 
has been found that 9.64% (19 out of 197) of the COVID-19 study population died 
during follow-up. Mann-Whitney U analysis showed that the median age of the non-
survivors was significantly higher than that of the survivors (73 yrs. [IQR: 29] vs. 60 
yrs. [IQR: 29]; p = 0.002). In addition, there was a significant difference in the mean 
BMI between the non-survivors (23.78 ± 5 kg/m2) and survivors (26.73 ± 7.3 kg/m2) 
(p = 0.023). We also compared in these subgroups the laboratory and clinical param-
eters. The results showed an elevation in the time of coagulation test (prothrombin 
time (PT)) and a higher percentage of COPD in the non-survivor group (p = 0.015 and 
p = 0.05, respectively).

In the next part, the genotype distribution and the allele frequency of ACE2 
rs2285666 and ACE1 rs4646994 polymorphisms in COVID-19 subjects and the 
control group were analyzed (Table 2). In COVID-19 patients, the DD, ID and II 
genotype frequencies of ACE1 gene polymorphism were 48.4%, 33.1% and 18.5% 
respectively whereas the genotypes in control group were distributed as follows: 
35.5%, 48.4% and 16.1%. There was a statistically significant difference in ACE1 
genotypes distribution between the patients and control individuals (p = 0.01). No 
significant differences in ACE1 allelic frequencies between COVID-19 patients and 
controls were observed. As shown in Table 2, no statistically significant difference 
in genotype and allelic distribution of ACE2 rs2285666 was observed between cases 

Table 2  Genotype and allele distribution of ACE1 and ACE2 genes in the control and case groups and 
according to the severity of the disease in the case group
SNP Control N 

(%)
Covid-19 
cases N (%)

P value COVID-19 cases
(n = 197)

P 
value

Moderate 
(n = 154) %

severe to 
critical 
(n = 43) %

Rs46469941

DD 66 (35.5) 89 (48.4) 0.01 69 (48.3) 20 (48.8) 0.737
ID 90 (48.4) 61 (33.1) 46 (32.1) 15 (36.6)
II 30 (16.1) 34 (18.5) 28 (19.6) 6 (14.6)
I 150 (40.3) 129 (35.1) 0.139 102 (35.7) 27 (32.9) 0.647
D 222 (59.7) 239 (64.9) 184 (64.3) 55 (67.1)
Rs22856662

CC 50 (54.3) 41 (50) 0.694 31 (50.8) 10 (47.6) 0.583
CT 36 (39.1) 37 (45.1) 26 (42.6) 11 (52.4)
TT 6 (6.5) 4 (4.9) 4 (6.6) 0 (0)
C 272 (70.8) 281 (73.6) 0.399 224 (74.2) 57 (67.8) 0.249
T 112 (29.2) 101 (26.4) 78 (25.8) 27 (32.2)
The p values indicate the statistical significance between the moderate and severe to critical cases
1. There were 13 and 11 participants with missing data for rs4646994 polymorphism in COVID-19 
patients and control group, respectively
2. There were 4 and 5 pm in COVID-19 patients and control group, respectively
The p value significance showe in bold formate
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and controls (p > 0.05). We observed that the ACE1 DD genotype increased the risk 
of COVID-19 infection in a dominant genetic model (OR = 1.703; 95% CI: 1.123–
2.584, p = 0.012, DD vs. II + ID; significance level: 0.017). In addition, it has been 
demonstrated that the ACE1 ID genotype decreases the risk of COVID-19 infection 
in a co-dominant model (OR = 0.529; 95% CI: 0.347–0.806, p = 0.003, ID vs. DD + II; 
significance level: 0.017). As shown in Table  2, no statistically significant differ-
ence in genotype and allelic distribution of ACE2 rs2285666 was observed between 
cases and controls (p > 0.05). Because of the ACE2 gene location on the X chromo-
some, HWE for ACE2 rs2285666 was only tested in women and indicated no signifi-
cant deviation from expectations (p = 0.884). The distribution of ACE1 genotypes in 
patients and control individuals was compatible with HWE (p = 0.195).

As presented in Table 2, the statistical comparison drawn among patients clarified 
no significant differences in genotype and allele frequencies of both mentioned poly-
morphisms between the two subgroups classified according to the disease severity 
(moderate COVID-19 patients vs. severe to critical ones). Moreover, we investigated 
the variants among survivors and non-survivors and demonstrated that the genotype 
and allelic distribution of both polymorphisms show no statistically significant dif-
ferences (Table 3).

Discussion

In the present the study, we analyzed the association of ACE1 rs4646994 and ACE2 
rs2285666 with COVID-19 susceptibility and severity. We observed that the fre-
quency of DD genotype of ACE1 rs4646994 was higher in COVID-19 patients 
compared to control individuals. No statistically significant difference in genotype 
and allelic distribution of ACE2 rs2285666 polymorphism was observed between 

Table 3  Genotype and allele distribution of ACE1 and ACE2 patients according to the disease mortality
SNP
Genotype/allele

COVID-19 cases (n = 197) P value
non-survivors (n = 19) % survivors (n = 178) %

Rs46469941

DD 11 (57.9) 78 (47.3) 0.09
ID 8 (42.1) 53 (32.1)
II 0 (0) 34 (20.6)
I 8 (21.1) 121 (36.7) 0.056
D 30 (78.9) 209 (63.3)
Rs22856662

CC 3 (33.3) 38 (52.1) 0.470
CT 6 (66.7) 31 (42.5)
TT 0 (0) 4 (5.5)
C 24 (66.7) 257 (73.4) 0.385
T 12 (33.3) 93 (26.6)
The p values indicate the statistical significance between the non-survivors and survivors
1. There were 13 participants with missing data for rs4646994 polymorphism in COVID-19 patient
2. There were 4 participants with missing data for rs2285666 polymorphism in COVID-19 patient
The p value significance showe in bold formate
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COVID-19 patients and the control group. We did not observe any association 
between these polymorphisms and the risk of severe disease.

There is evidence that RAS plays pivotal roles in COVID-19 pathogenesis. A well-
known example of this is the involvement of ACE2 enzyme as the cellular receptor 
of SARS-CoV2 that its expression regulating the individuals’ susceptibility to the 
infection. In addition, the literature on COVID-19 has highlighted the ACE1/ACE2 
activity imbalance, which could play a role in COVID-19 severity. Previous stud-
ies have also explored the relationships between the functional ACE1/ACE2 genes 
polymorphisms and the risk of comorbidities, such as cardiovascular and pulmonary 
diseases that their findings shed new lights on the RAS contributions to the suscep-
tibility and outcomes of COVID-19. The results of present study suggest that the 
DD variant of ACE1 rs4646994 polymorphism might be regarded as a risk factor 
for COVID-19 infection; therefore, in principle, in areas with a high prevalence of 
DD genotype, the administration of ACE1 inhibitors would modulate the impact of 
effective phenotype (DD genotype; the highest ACE1 activity). This work contrib-
utes to existing knowledge of the DD genotype involvement in HTN and increased 
ACE1 activity by providing the mentioned result. Noticeably, it concludes that an 
overly activated ACE1 enzyme induced by inherited predispositions, such as ACE1 
rs4646994, in combination with various risk factors (e.g. advanced age) might lead 
to an organ dysfunction through ACE2 receptor suppression by SARS-CoV-2 and the 
destroyed ACE1/ACE2 equilibrium. On the contrary, variants of ACE2 rs2285666 
polymorphism do not seem to be considered a risk factor for COVID-19 infection 
and have no impact on COVID-19 disease susceptibility in this study. Since the fre-
quency of ID genotype was higher in control individuals in the present study, it seems 
that this genotype has a protective role against COVID-19 infection. It is interesting 
to note that the protective role of the ID genotype against COVID-19 emerged in the 
study might be on account of the decreased expression levels of ACE1 enzyme in 
comparison with the DD genotype in individuals. These findings can at least justify a 
part of the different susceptibility of people to COVID-19 infection.

In a study by Kouhpayeh et al. in the southeast of Iran (Kouhpayeh et al. 2021), 
the II genotype of ACE1 rs4646994 polymorphism and the I allele decreased the risk 
of COVID-19 infection; in contrast, in our study the ID genotype decreased the risk 
of COVID-19 infection and no significant difference in allelic distribution was found. 
The reason for this inconsistency can be related to the ethnic differences between the 
studied populations in two regions of Iran or the used techniques of investigating 
polymorphisms in two studies (RFLP versus ARMS-PCR). In both studies, there was 
not any association between this polymorphism and the severity of the disease. In 
both studies, a significantly higher age was observed in patients with severe disease 
than a non-severe disease.

The observed higher frequency of DD genotype of ACE1 rs4646994 polymor-
phism in the COVID-19 patients in our study was similar to that reported in a vari-
ety of other countries, including Brazil, Saudi Arabia, Finland, Russia, Spain, Italy 
and Turkey (Mir et al. 2021). In contrast, the II genotype of this polymorphism is 
the dominant genotype in East Asian populations (Korean, Chinese, Taiwanese and 
Japanese populations) (Saab et al. 2007). This suggests that the genotype distribution 
of ACE1 rs4646994 polymorphism varies between different populations and geo-
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graphic regions; this variation can explain at least part of the observed differences in 
COVID-19 disease prevalence in different countries.

As previously reported, individuals with the DD genotype have significantly 
higher blood ACE1 levels compared to the I/D and I/I genotypes (Rigat et al. 1990; 
Gard 2010). In COVID-19 patients, high levels of ACE1 enzyme in the blood of 
individuals with the DD genotype might lead to the production of Ang II. In addi-
tion, the down-regulation of ACE2 caused by the binding of the SARS-CoV-2 spike 
protein increases Ang II and its consequent harmful effects (Soy et al. 2020; Imai et 
al. 2005). Studies performed on Asians showed that the patients with the low DD 
genotype and a higher II genotype frequency have a statistically significant lower 
mortality (Pati et al. 2020; Yamamoto et al. 2020; Verma et al. 2021). Our findings 
support the work of mentioned research but in this area linking D allele with mortal-
ity, even though ACE1 tends to be distinctively distributed between the survivors and 
non-survivors despite it is not statistically significant (p value = 0.056). It is not far 
from the expectation that with the increase of the studied population, the results will 
become significant. In the studies by Gómez et al. and Karakas et al., in agreement 
with our findings, they reported that the ACE1 rs4646994 polymorphism was not 
associated with the severity of COVID-19 infection (Martínez-Gómez et al. 2022; 
Karakaş Çelik et al. 2021).

In contrast to our findings, in a study by Srivastava et al. on Indian population, it 
has been reported there is a significant correlation between the alternate allele (T-plus 
strand or A-minus strand) of ACE2 rs2285666 polymorphism and a lower COVID-19 
infection as well as case-fatality rate. This inconsistency can be attributed to ethnic 
differences or the impact of other risk factors, variables and environmental conditions 
on the disease susceptibility.

Comparison of the findings with those of other studies confirms that older age and 
comorbidities, such as COPD correlate with increased risk of COVID-19 severity 
and mortality (Verdecchia et al. 2020; Lippi and Henry 2020).

Conclusion

In conclusion, this study strengthens the idea that there is a link between genetic fac-
tors and COVID-19. Taken together, ACE1 gene ID polymorphism should be investi-
gated as a predictive biomarker. It has also proven beneficial to COVID-19 pandemic 
management. To achieve a clear understanding of this field, further research on vari-
ous ethnicities is recommended.
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