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ARTICLE INFO ABSTRACT

Keywords: Severe acute respiratory syndrome corona virus-2 (SARS-CoV-2) has first emerged from China in December 2019
Covid-19 and causes coronavirus induced disease 19 (COVID-19). Since then researchers worldwide have been struggling
SARS-COV2 to detect the possible pathogenesis of this disease. COVID-19 showed a wide range of clinical behavior from
ACE 1/D polymorphism . . di d h iol £ ibili

ADRS asymptomatic to severe acute respiratory disease syndrome. However, the etiology of susceptibility to severe
RT-PCR lung injury is not yet fully understood. Angiotensin-converting enzymel (ACE1) convert angiotensin I into

Angiotensin II that was further metabolized by ACE 2 (ACE2). The binding ACE2 receptor to SARS-CoV-2
facilitate its enter into the host cell. The interaction and imbalance between ACE1 and ACE2 play a crucial
role in the pathogenesis of lung injury. Thus, the aim of this study was to investigate the association of ACE1 I/D
polymorphism with severity of Covid-19.

The study included RT-PCR confirmed 269 cases of Covid-19. All cases were genotyped for ACE1 1/D poly-
morphism using polymerase chain reaction and followed by statistical analysis (SPSS, version 15.0).

We found that ACE1 DD genotype, frequency of D allele, older age (>46 years), unmarried status, and
presence of diabetes and hypertension were significantly higher in severe COVID-19 patient. ACE1 ID genotype
was significantly independently associated with high socio-economic COVID-19 patients (OR: 2.48, 95% CI:
1.331-4.609).

These data suggest that the ACE1 genotype may impact the incidence and clinical outcome of COVID-19 and
serve as a predictive marker for COVID-19 risk and severity.

multi organic failure (Connors and Levy, 2020; Hess et al., 2020; Zheng
and Cao, 2020). Severity of COVID-19 patient increases with other
comorbidities such as older age, diabetes, hypertension, and obesity
(Sanyaolu et al., 2020). However, many cases without these comorbid-

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was first identified in China that causes coronavirus induced disease 19

(COVID-19) (Lu et al., 2020). COVID19 has confronted a major threat to
human health globally and posed a serious risk to the public healthcare
systems. This pandemic has resulted in 45.9 million confirmed cases and
2 million deaths worldwide as of November 1, 2020 (WHO, 2020). The
clinical spectrum of COVID-19 includes asymptomatic, mild symptom
and severe acute respiratory distress syndrome (ARDS) with high mor-
tality due to respiratory failure, stroke, thrombotic complications and
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ities also have severe lung disease or ARDS (Richardson et al., 2020).
Thus, underlying pathophysiological mechanism of COVID-19 is not yet
fully understood.

The entry of SARS-CoV-2 into host cells is facilitated by the binding
of viral spike protein (S-protein) to the extracellular peptidase domain of
angiotensin converting enzyme 2 (ACE2), followed by the s-protein
priming through a specific transmembrane serine protease 2 (TMPRSS2)
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(Lam et al., 2020). ACE2 converts angiotensin II to angiotensin 1-7 and
prevent the effects of ACEl/angiotensin II axis. Angiotensin II can
induce strong vasoconstriction, proinflammatory effects, and profibrotic
effects, while angiotensin 1-7 exhibits antiproliferative, antiapoptotic,
and mild vasodilating abilities and protect different cardiovascular ef-
fects such as anti-heart failure, anti-thrombosis, anti-myocardial hy-
pertrophy, anti-fibrosis, anti-arrhythmia, anti-atherogenesis, and
attenuating vascular dysfunction related to metabolic syndrome (Santos
et al., 2018). Therefore, the coexistence in the ACE1 and ACE2 genes of
inherited predispositions or common genetic polymorphisms of these
genes that affect their levels of mutual expression can lead to increased
capillary permeability, fibrosis, coagulation and apoptosis in the alve-
olar cells and accelerating lung damage. The role of ACE2 in suscepti-
bility and pathogenesis of SARS-CoV infections has been deciphered by
numerous reports in the mouse model, the entry rate of the virus is
increased with overexpression of ACE-2 receptors, antibodies to ACE-2
receptors significantly block the entry of SARS-CoV and ACE2
knockout mice had lower pulmonary lesions compared to the wild type
(Pati et al., 2020; Yang et al., 2007). All these studies showed the
importance of ACE receptor in SARS-CoV pathogenesis. SARS-CoV
shared approximately 76% amino acid sequence similarity with SARS-
CoV-2 (Pati et al., 2020; Xu et al., 2020). The ACE gene consists of 26
exons which is located on chromosome 17q35. ACE insertion/deletion
(I/D) genotypes of a 287-bp Alu repeat sequence of intron 16, can cause
alternative splicing in ACE protein, with one active site for ACE I allele
while two active sites for D allele. The I/D polymorphism has been re-
ported to account for 47% of the variance in plasma ACE level, whereas
the DD genotype is associated with the highest levels in most of the
ethnic groups in reported series (Clarke and Turner, 2012; Gemmati
et al., 2020). ACE2 expression improved significantly via administration
of ACE inhibitors (Li et al., 2017; Pati et al., 2020). The association of the
‘D’ allele of ACE with the occurrence of pneumonia in SARS patients and
the death of subjects with acute respiratory distress syndrome (ARDS)
was observed in different studies. Thus, the aim of this study was to
determine the impact of ACE1 I/D polymorphism on the severity of
COVID-19 patients in north Indian population.

2. Methods and materials
2.1. Study subjects

All procedures in this study involving human participants were
performed in accordance with the ethical standards of Era University,
India. This study was approved by the Ethics Committee of the Era
University, India. Informed consent for participation was obtained from
all patients in an appropriate manner. A total of 269 COVID-19 patients
admitted to the Eras Lucknow Medical College and Hospital (ELMC&H),
Era University, Lucknow from August 2020 to September 2020 and
diagnosed with COVID-19 were enrolled. All patients with inclusion
criteria (COVID-19 patients confirmed by RT-PCR with age more than
20 years), and exclusion criteria (Pregnant patients, patients with
known malignant disease) were selected.

2.2. Data collection and blood sampling

All clinical details of individuals were collected as per self-
administered questionnaire which included demographic data, clinical
history of diabetes and hypertension, family history and associated
complications and other clinical data was collected from hospital re-
cords under supervision of expert clinician. The diagnosis of hyperten-
sion and diabetes mellitus was performed according to World Health
Organization criteria.

After an informed consent from patient, 2 mL of blood sample all
subjects were collected in tubes containing ethylene diamine tetra acetic
acid (EDTA) and stored at —20 °C until further use. Further, samples
were categorized in two groups (mild and severe), according to Indian
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Council of Medical Research (ICMR), New Delhi, India. Patients with
respiratory rate less than 24 per minute and SpO2 > 94% on room air
were considered as mild patient while patients with respiratory rate
more than 30 per minute OR SpO2 < 90% on room air with pneumonia
were categorized into severe patients.

2.3. Genotyping analysis

High molecular weight genomic DNA was extracted from peripheral
blood leucocytes using commercially available kit (Nucleospin Blood)
and quality/quantity was assessed by using spectrophotometer quanti-
fication and analyzed on gel electrophoresis. ACEI gene polymorphisms
(rs4646994) were done in COVID-19 patients via polymerase chain re-
action- amplified fragment length polymorphism (PCR- AFLP) using
specific primers (forward primer- 5'-CTGGAGACCACTCCCATCCTTTCT-
3’ and reverse primer- 5'-GATGTGGCCATCACATTCGTCAGAT-3'). Re-
actions were performed in 15 pL volume containing 10 pmol of each
primer, 1x PCR master mix (EmeraldAmp GT PCR master mix), 3 mM
MgCl2, and 2 U Taq polymerase (G Biosciences). PCR sequence ampli-
fication was performed under the conditions: Initial denaturation at
95 °C for 5 min, followed by 35 cycles of denaturation at 95 °C for 45 s,
annealing at 60 °C for 1.15 min, extension at 72 °C for 2.30 min and final
extension at 72 °C for 10 min. PCR products were checked on 2.5%
agarose gel and visualized by gel documentation system EZ, BIO-RAD
(California), 481 bp product for allele I and 194 bp for allele D (Fig. 1).

2.4. Statistical analysis

The continuous variables of each group were summarized as mean +
SE and compared by Student’s t-test. Allele and genotype frequencies in
both groups were compared using 2 x 2 contingency table by Fisher’s
exact test by using the SPSS software (version 21). All ‘P’ values were
considered statistically significant for P < 0.05. Odds ratio (OR) at 95%
confidence intervals (CI) were determined to describe the strength of
association by logistic regression model.

3. Results

3.1. General characteristics and genotype distribution of COVID19
patients

The comparison of demographic, clinical characteristics, genotype
distribution, allele frequencies and carriage rate of COVID-19 with the
estimated OR for each risk factor are summarized in Table 1. Genotype
patterns of ACE1 I/D polymorphism is represented in Fig. 1. In the
univariate logistic regression model, the ACE1 DD genotype, frequency
of D allele, older age (>46 years), unmarried status, and presence of
diabetes and hypertension were found to be high risk factors for causing
disease severity among patients of COVID-19. The other variables such
as sex, socio-economic status was not found significant between the two
groups. The absence of the ‘I’ allele of ACE1 I/D polymorphisms was
significantly higher in severe COVID-19 patients (OR = 2.59; 95% CI:
1.348-4.970, P = 0.004). However, in multivariate logistic regression,
while adjusting other factors including age, sex, marital status, income,

LN =

481 bp<— B il -

194 bp(— —

Fig. 1. Agarose gel showing PCR products different genotypes of ACEI/D (II:
481 bp; ID: 481, 194 bp; DD: 194 bp) M: DNA Ladder (100 bp).
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Table 1
Univariate and multivariate analyses of COVID-19 risk factors.
Parameters Mild Severe Univariate p = value Multivariate p = value
n =149 n=120 OR (95% CI) OR (95% CI)

Age, (n %)

<45 75 (50.3) 14 (11.7) 1 (Ref) 1 (Ref)

>46 74 (49.7) 106 (88.3) 7.67 (4.033-14.600) <0.001 4.84 (2.391-9.816) <0.001
Gender, (n %)

Male 97 (65.1) 73 (60.8) 1 (Ref) 1 (Ref)

Female 52 (34.9) 47 (39.2) 1.20 (0.730-1.976) 0.471 1.22 (0.683-2.191) 0.497
Marital Status, (n %)

Married 125 (83.9) 119 (99.2) 1 (Ref) 1 (Ref)

Unmarried 24 (16.1) 1(0.8) 22.85 (3.043-171.560) 0.002 6.61 (0.790-55.375) 0.082
Socio-economic status, (n %)

Low 107 (71.8) 91 (75.8) 1 (Ref.) 1 (Ref.)

High 42 (28.2) 29 (24.2) 0.81 (0.469-1.407) 0.457 0.65 (0.344-1.224) 0.649
Diabetes, (n %)

No 136 (91.3) 86 (71.7) 1 (Ref.) 1 (Ref.)

Yes 13(8.7) 34 (28.3) 4.14 (2.067-8.278) <0.001 2.80 (1.290-6.052) 0.009
Hypertension, (n %)

No 142 (95.3) 100 (83.3) 1 (Ref) 1 (Ref)

Yes 7 (4.7) 20 (16.7) 4.06 (1.653-9.959) 0.002 1.83 (0.673-5.006) 0.236
ACE Genotype (n %)

I 74 (49.7) 42 (35.0) 1 (Ref.) 1 (Ref)

ID 58 (38.9) 48 (40.0) 1.46 (0.851-2.498) 0.17 1.54 (0.835-2.850) 0.166

DD 17 (11.49) 30 (25.0) 3.11 (1.536-6.294) 0.002 3.69 (1.612-8.431) 0.002
Allele (n %)

I* 206 (69.1) 132 (55.0) 1 (Ref)

D* 92 (30.9) 108 (45.0) 1.83 (1.286-2.609) 0.001
Carriage rate (n %)

I(+H) 132 (88.6) 90 (75.0) 1 (Ref.) 1 (Ref.)

1(-) 17 (11.49) 30 (25)0.0 2.59 (1.348-4.970) 0.004 3.00 (1.388-6.495) 0.005

D (+) 75 (50.3) 78 (65.0) 1 (Ref) 1 (Ref))

D (-) 74 (49.7) 42 (35.0) 0.55 (0.333-0.894) 0.016 0.50 (0.284-0.878) 0.016

CI = Confidence interval; OR = Odds ratio; 1.0 (Reference), Alleles*, total number of chromosomes.

diabetes, hypertension, the DD genotype was still significantly associ-
ated with COVID-19, conferring a 3-fold higher risk (OR = 3.69; 95% CI:
1.612-8.431). Older age, unmarried status and presence of diabetes
were shown the similar pattern between the two groups of COVID-19
patients.

3.2. Association of the ACE I/D polymorphism with the COVID-19
relevant risk factors

To further evaluate the etiologic effects of ACE I/D polymorphisms in
COPVID-19, we evaluated the possible influence of ACE I/D

polymorphisms on demographic and clinical characteristics in COVID-
19 patients (Tables 2 & 3). The ACE ID genotypes were found to be
statistically associated with high socio-economic COVID19 patients (OR:
2.39, 95% CI: 1.296-4.398). After adjusting for other risk factors, the ID
genotype was still significantly independently associated with high
socio-economic COVID-19 patients (OR: 2.48, 95% CI: 1.331-4.609).
Whereas there was no statistical significance between the ACE I/D
polymorphism and demographic & clinical characteristics (age, gender,
marital status, diabetes, and hypertension).

Table 2
Associations between ACE I/D polymorphisms with demographic and clinical characteristics in COVID-19 patients (univariate analyses).

ACE genotypes I ID Univariate p = value DD Univariate p = value
Parameters (n=116) (n =106) OR (95% CI) (n=47) OR (95% CI)
Age (n %)

<45 42 (36.2) 35 (33.0) 1 (Ref) 12 (25.5) 1 (Ref.)

>46 74 (63.8) 71 (67.0) 1.15 (0.661-2.004) 0.618 35 (74.5) 1.66 (0.776-3.530) 0.192
Gender, (n %)

Male 77 (66.4) 63 (59.4) 1 (Ref) 30 (63.8) 1 (Ref.)

Female 39 (33.6) 43 (40.6) 1.35 (0.780-2.328) 0.285 17 (36.2) 1.12 (0.551-2.273) 0.756
Marital Status (n %)

Married 106 (91.4) 96 (90.6) 1 (Ref.) 42 (89.4) 1 (Ref))

Unmarried 10 (8.6) 10 (9.4) 0.91 (0.361-2.270) 0.833 5(10.6) 0.79 (0.256-2.457) 0.687
Socio-economic status (n %)

Low 94 (81.0) 68 (64.2) 1 (Ref.) 36 (76.6) 1 (Ref))

High 22 (19.0) 38 (35.8) 2.39 (1.296-4.398) 0.005 11 (23.4) 1.32 (0.575-2.962) 0.524
Diabetes (n %)

No 97 (83.6) 87 (82.1) 1 (Ref.) 38 (80.9) 1 (Ref.)

Yes 19 (16.4) 19 (17.9) 1.12 (0.554-2.242) 0.76 9(19.1) 1.21 (0.503-2.907) 0.671
Hypertension (n %)

No 107 (92.2) 93 (87.7) 1 (Ref.) 42 (89.4) 1 (Ref.)

Yes 9(7.8) 13 (12.3) 1.66 (0.680-4.064) 0.266 5(10.6) 1.42 (0.448-4.470) 0.554

CI = Confidence interval; OR = Odds ratio; 1.0 (Reference).
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Table 3
Associations between ACE I/D polymorphisms with demographic and clinical characteristics in COVID-19 patients (multivariate analyses).

ACE genotypes II D Multivariate P = value DD Multivariate P = value
Parameters n=116 n =106 OR (95% CI) n =47 OR (95% CI)
Age (n %)

<45 42 (36.2) 35(33.0) 1 (Ref.) 12 (25.5) 1 (Ref))

>46 74 (63.8) 71 (67.0) 1.15 (0.605-2.185) 0.669 35 (74.5) 2.10 (0.821-5.369) 0.122
Gender, (n %)

Male 77 (66.4) 63 (59.4) 1 (Ref.) 30 (63.8) 1 (Ref))

Female 39 (33.6) 43 (40.6) 1.31 (0.743-2.309) 0.352 17 (36.2) 1.15 (0.558-2.371) 0.705
Marital Status, (n %)

Married 106 (91.4) 96 (90.6) 1 (Ref.) 42 (89.4) 1 (Ref))

Unmarried 10 (8.6) 10 (9.4) 1.50 (0.521-4.284) 0.833 5(10.6) 0.41 (0.104-1.600) 0.199
Socio-economic status (n %)

Low 94 (81.0) 68 (64.2) 1 (Ref.) 36 (76.6) 1 (Ref.)

High 22 (19.0) 38 (35.8) 2.48 (1.331-4.609) 0.004 11 (23.4) 1.31 (0.562-3.045) 0.533)
Diabetes, (n %)

No 97 (83.6) 87 (82.1) 1 (Ref.) 38 (80.9) 1 (Ref.)

Yes 19 (16.4) 19 (17.9) 1.03 (0.482-4.960) 0.947 9 (19.1) 0.99 (0.381-2.593) 0.994
Hypertension, (n %)

No 107 (92.2) 93 (87.7) 1 (Ref.) 42 (89.4) 1 (Ref.)

Yes 9(7.8) 13 (12.3) 1.91 (0.738-4.960) 0.182 5(10.6) 1.19 (0.343-4.097) 0.787

CI = Confidence interval; OR = Odds ratio; 1.0 (Reference).

4. Discussion

In present study, 269 COVID-19 patients were selected with de-
mographic and clinical characteristics. We observed that high frequency
of diabetes patients (37%) as compared to hypertension (21.4%)
(Table 1). Similarly, de Abajo et al., found higher prevalence of diabetes
in 1339 COVID-19 cases from Madrid, Spain as compared with 13,390
matched controls (27.2% vs 20.3%; crude odds ratio, OR, 1.50) (de
Abajo et al., 2020). In contrast, Singh et al., pooled different studies (n =
2209) and found higher percentage of hypertension (21%) as compared
to diabetes (11%) and CVD (7%) (Singh et al., 2020). Similarly, a meta-
analysis of COVID-19 Patients (n = 1576 patients) reported percentage
of different comorbid conditions such as hypertension (17%) > diabetes
(8%) > CVD (5%) (Yang et al., 2020).

COVID-19 is a highly contagious disease characterized by high
mortality, especially for patients with severe comorbidities such as
diabetes, hypertension, CVD and CKD (Zhou et al., 2020). The docu-
mented history of diabetes has been stated to be an independent indi-
cator of morbidity and death in SARS patients (Li et al., 2020; Yang
et al., 2006). Diabetes hyperglycemia is suspected to cause immune
response dysfunction, which fails to regulate the spread of invasive
pathogens. Therefore, diabetic individuals are considered to be more
prone to infections and incidence of infectious diseases and it will in-
crease associated comorbidities (Berbudi et al., 2020). A study was
released by the Chinese Centre for Disease Control and Prevention,
which showed elevated mortality rate in people with diabetes (2.3%,
total and 7.3%, diabetes patients) study was performed in 72,314 cases
of COVID-19 (Wu and McGoogan, 2020). Li et al. also found high
mortality rate in diabetic individuals (14.5%) as compared to non-
diabetic (5.7) COVID-19 cases (Li et al., 2020). Similarly, our study
found that diabetic patients have 2.80-fold higher risk for having
severity/mortality in COVID-19 (P < 0.001). When we classified the
diabetes patients according to the severity of the COVID-19, we found
8.7% mild, and 28.3% severe cases (Table 1). Our study also suggested
that hypertensive individual might have 4.24-fold higher risk of
severity/mortality. When we classified our hypertensive COVID-19
cases, we found 4.7% cases in mild and 16.7% cases in severe. Simi-
larly, a meta-analysis suggested that hypertension may be risk factor for
severity in COVID-19 (Yang et al., 2020).

Blood pressure homeostasis maintained by renin-angiotensin system
(RAS) (Boehm and Nabel, 2002; Skeggs et al., 1980). RAS system
modulated by ACE1 and ACE2. Angiotensin I is converted into angio-
tensin II (ATII) by ACE1 and degraded bioactive bradykinin (Baudin,

2002). Insertion/deletion (I/D) polymorphism has been correlated with
levels of circulating and tissue ACE1 and influences almost half of the
variability of serum ACE levels in the general population. ‘D’ allele of
ACEL/D is associated with higher ACE activity (Tiret et al., 1992). Which
means individuals with DD genotype showed approximately twice ACE
activity levels as compared to II genotype individuals (Rigat et al.,
1990). ‘D’ allele of ACE1 gene is significantly associated with hypoxemic
group as compared to non-hypoxemic group (Itoyama et al., 2004).
However, later on, Delanghe et al. have recently found that the preva-
lence of COVID-19 in 33 countries has been substantially associated with
ACE1 I/D polymorphism (Delanghe et al., 2020b). To date, few studies
have been published that investigate the relationship between ACE1l
gene polymorphism and COVID-19 severity, but we are still lacking
definite results (Delanghe et al., 2020a; Devic Pavlic et al., 2020;
Gemmati et al.,, 2020; Hatami et al., 2020). In present study, we
observed that individual with ‘DD’ genotype showed significantly 3.69-
fold higher risk of COVID-19 severity (P = 0.002, Table 1). Similarly,
other studies found that ACE1 D/D-genotype showed association with
COVID-19 related mortality (Annunziata et al., 2020; Yamamoto et al.,
2020). Gomez et al. found D allele was significantly associated with
hypoxemic as compared to non-hypoxemic patients; however, ‘DD’ ge-
notype individuals did not show any association with COVID-19 infec-
tion (Gomez et al., 2020).

5. Conclusion

Based on our results, we conclude that the severity of the COVID-19
patients may depend on age, diabetes, hypertension, and ACE gene
polymorphism. Our results suggest a prospective paradigm of ‘DD’ ge-
notype that has the potential to help explain the susceptibility of the host
response to SARS-CoV-2 infection and involve in numerous patholog-
ical. Thus, ACE 1I/D polymorphism may be a useful tool to predict the
development of disease and may have an influence on the treatment
outcomes against the COVID-19 to establish a population-based thera-
peutic development. Further studies involving a larger cohort and a
control group should be carried out to better understand the association
between COVID-19 severity and different genotypes of ACE with treat-
ment response.
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