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Susceptibility to coronavirus disease 2019 (COVID-19) and disease severity has recently been associated with
inflammatory markers and genetic polymorphisms of ACE (angiotensin-converting enzyme) and ACE2 genes, but
the evidence has been inconclusive. This case-control study (99 COVID-19 patients and 96 controls) sought to
assess the significance of age, C-reactive protein (CRP), neutrophil-to-lymphocyte ratio (NLR) and SARS-CoV-2
RT-PCR cycle threshold (Ct) in severity of COVID-19. Besides, two variants of ACE and ACE2 genes
(rs4646994 and rs2285666, respectively) were analyzed to determine their role in COVID-19 susceptibility and/
or disease severity. Results revealed that age, CRP and NLR were significantly elevated in severe cases compared
to moderate cases, while RT-PCR Ct value was significantly decreased. Allele and genotypes of both variants were
not associated with COVID-19 risk, with the exception of rs2285666 A allele. It showed a significantly higher
frequency in female patients than in female controls (probability = 0.041). In conclusion, the study indicated the
role of age, CRP, NLR and SARS-CoV-2 RT-PCR Ct in susceptibility to COVID-19 severity. However, analysis of
the ACE and ACE2 gene variants (rs4646994 and rs2285666, respectively) showed that the two variants were not

associated with the risk of developing COVID-19.

1. Introduction

Coronaviruses (CoV) are novel viruses enveloped in a lipid mem-
brane embedded with viral surface proteins and have a single-stranded
RNA genome. They are classified in the subfamily Orthocoronaviridae
(Family: Coronaviridae, Order: Nidovirales) and have been recognized to
be associated with acute respiratory infections (Ludwig and Zarbock,
2020). Human CoV were first described in nasopharyngeal secretions of
patients with common colds in 1960s, but were not considered human
pathogen until three outbreaks emerged; severe acute respiratory syn-
drome (SARS) in 2002-2003 (China), Middle East respiratory corona-
virus (MERS-CoV) in 2012 (Saudi Arabia), and novel coronavirus SARS-
CoV-2 in late 2019 (Wuhan, China) (Ye et al., 2020). The latter has been
named coronavirus disease 2019 (COVID-19) and the World Health
Organization (WHO) has declared the disease a pandemic with the
infection spreading to more than 200 countries. To date (November 1,
2021), 247,618,301 cases have been reported globally with 2.03%
deaths. The corresponding figures for Iraq were 2,056,401 and 1.13%,

respectively (Peng, 2020; Worldometer, 2021).

SARS-CoV-2 infection may have a broad clinical spectrum, ranging
from asymptomatic or mild forms to severe acute pneumonia causing
severe lung injury and an increased risk of multiple organ failure and
eventual death (Parasher, 2021). Several factors have been described as
being associated with a higher risk of severe or fatal COVID-19.
Advanced age, male gender, obesity, chronic disease (cardiovascular
and diabetes) and vitamin D status are among the risk factors proposed
to be associated with disease severity and higher mortality (Wolff et al.,
2021). Besides, severity of COVID-19 is complicated by exacerbated
inflammatory response induced by SARS-CoV-2 in the form of up-
regulated expression of inflammatory markers, particularly pro-
inflammatory cytokines (Darif et al., 2021). Accordingly, cytokine
release syndrome, or cytokine storm, has been presented as an important
contributor to COVID-19 severity and co-morbid conditions such as
disseminated intravascular thrombosis (Rabaan et al., 2021).

The exaggerated inflammatory response in COVID-19 has also
recently been linked to enzymes of the renin-angiotensin system (RAS)
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(Wiese et al., 2020). The RAS is viewed as a coordinated hormonal
cascade involved in controlling multiple physiological functions, in
particular blood pressure, but its role in pathogenesis of COVID-19 has
also been recognized (Gemmati and Tisato, 2020). The two most
important RAS enzymes are angiotensin-converting enzyme (ACE) and
ACE2, and SARS-CoV-2 has been shown to be an ACE2-tropic virus
(Abassi et al., 2020). Virus interaction with RAS in cells infected with
SARS-CoV-2 can trigger dysregulated immune responses and coagula-
tion abnormalities in COVID-19 patients (Wiese et al., 2020). ACE cat-
alyzes angiotensin-I (Angl) to Ang-Il, the latter of which is hydrolyzed
by ACE2 to Ang-1-7. Ang-II binding to angiotensin II type 1 (AT1) re-
ceptor results in vasoconstriction, inflammation and thrombosis, while
increased vasodilation and reduced inflammation and thrombosis occur
due to Ang-1-7 binding to AT2 receptor. Thus, ACE and ACE2 play an
opposite role in hypertension and cardiovascular disease (Gomez et al.,
2020). Hypertension and cardiovascular disease have been cited as
significant comorbidities in COVID-19 patients, and are closely related
to disease severity and mortality (Fresan et al., 2021). To understand the
role of ACE2 in the development of COVID-19, its gene expression was
examined in the nasal epithelium of children and adults. A positive as-
sociation was found between ACE2 gene expression and age and was
independent of gender. It has been suggested that lower ACE2 expres-
sion in children compared to adults may explain the lower prevalence of
COVID-19 in children (Bunyavanich et al., 2020). Further, it has been
proposed that RAS, and through the opposite functions of ACE and
ACE2, plays a significant role in the development of acute lung diseases,
particularly acute respiratory distress syndrome (Gemmati and Tisato,
2020).

Common variants (single nucleotide polymorphisms; SNPs) in the
ACE and ACE2 genes have been described, and their association with the
risk of various diseases has been indicated. The ACE gene (Gene ID:
1636) is located in the long arm of human chromosome 17 (17q23.3)
and consists of 26 exons (https://www.ncbi.nlm.nih.gov/gene/1636).
Insertion/deletion (I/D: rs4646994) is among the distinct genetic
polymorphisms of this gene, and besides being associated with the risk
of hypertension, heart disease, kidney failure, acute respiratory distress
syndrome, SARS and COVID-19, it has been shown that DD genotype
may influence ACE serum levels (Gomez et al., 2020). The ACE2 gene
(Gene ID: Gene ID: 59272) is located in the short arm of human X
chromosome (Xp22.2) and consists of 22 exons (https://www.ncbi.nlm.
nih.gov/gene/59272). Several SNPs of the gene, for instance rs4240157,
rs4646155, and rs4830542, have been associated with the risk of hy-
pertension, but recent studies in COVID-19 have focused on SNP
1s2285666 (Cafiero et al., 2021; Devaux et al., 2020; Gomez et al., 2020;
Karakas Celik et al., 2021; Pouladi and Abdolahi, 2021; Singh et al.,
2021). Although these studies proposed a role for SNPs rs4646994 and
152285666 in COVID-19 susceptibility and/or disease severity, the evi-
dence has not been conclusive as some findings have not been
replicated.

This study sought to assess the significance of age, C-reactive protein
(CRP), neutrophil-to-lymphocyte ratio (NLR) and SARS-CoV-2 RT-PCR
cycle threshold (Ct) in severity of COVID-19. Besides, two variants of
ACE and ACE2 genes (rs4646994 and rs2285666, respectively) were
analyzed to determine their role in COVID-19 susceptibility and/or
disease severity. To the best knowledge of investigators, the second part
of study has not been conducted on Iraqi patients with COVID-19.

2. Materials and methods
2.1. Populations studied

A single center case-control study was conducted on Iraqi patients
with COVID-19 during the period from October to December 2020.
Patients were recruited from the COVID-19 Care Units of Baghdad
Teaching Hospital after obtaining approval from the Ethics Committee
at the Department. Biology (University of Baghdad) and written consent
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to participate in the study (Reference: CSEC/0920/0017). A total of 99
cases were included (mean age + SD: 49.1 + 9.1 years; range: 28-70
years; 50.5% males). According to severity of COVID-19, the patients
were divided into two groups, moderate and severe cases (68 and 31,
respectively). Criteria established by the WHO Interim Guidance was
followed to define the case as moderate (patient with symptoms of
pneumonia and no signs of severe pneumonia) or severe (severe respi-
ratory distress, respiratory rate > 30 breaths/min or pulse oxygen
saturation (SpO2) < 93% on resting state) (World Health Organization,
2020). According to the patient's clinical history, some had diabetes and
some had hypertension (51.5 and 53.5%, respectively). A control group
of 96 individuals was also included (mean age + SD: 43.1 + 10.3 years;
range: 24-70 years; 50.0% males). They were healthy and had no res-
piratory infection in the past 12 months or chronic diseases (cardio-
vascular and diabetes). Besides, their serum tested negative for COVID-
19 IgG and IgM antibodies (FREND COVID-19 IgG/IgM Duo kit, Nano-
Entek, South Korea).

2.2. Diagnosis of COVID-19

Nasopharyngeal swabs were obtained from patients 4-5 days after
their hospitalization. The QIAamp Viral RNA Mini kit was used to isolate
viral RNA (Qiagen, Germany). Real-time polymerase chain reaction (RT-
PCR) analysis was performed to diagnose SARS-CoV-2 using commercial
kit (DIAGNOVITAL SARS-COV-2 real time PCR kit, RTA laboratories
Biological products, Turkey), and manufacturer's instructions were fol-
lowed. Based on this analysis, the SARS-CoV-2 RT-PCR Ct value was
recorded for each patient. In combination with molecular testing, the
diagnosis was confirmed by chest computerized tomography (CT). The
only patients included were those who showed a positive molecular test
and had a CT scan indicating COVID-19.

2.3. Blood tests

Five milliliters of venous blood were collected and distributed into
plain and ethylene-diamine-tetra-acetic-acid (EDTA) tubes (3 and 2 mL,
respectively). Plain tube was left to clot and then centrifuged (15 min at
4 °C for 15 min) to collect serum. Serum was tested for CRP using
electro-chemiluminescence immunoassay system (Roche Cobas Integra
400 plus, Switzerland). EDTA blood was used to count white blood cells
(WBC: total, neutrophils and lymphocytes) using automated hematology
analyzer (ABX Micros ES 60, Horiba, USA). The NLR was obtained by
dividing the absolute neutrophil count by the absolute lymphocyte
count.

2.4. Polymorphism of ACE and ACE2 genes

Two SNPs of ACE and ACE2 genes were determined (rs4646994 1/D
and rs2285666 G/A). Genomic DNA was isolated from EDTA blood
using the gSYNC DNA extraction kit (Geneaid, Taiwan). Isolated DNA
was subjected to polymerase chain reaction (PCR) analysis to detect
target SNPs. For SNP rs4646994, a previous method was followed (Khan
et al., 2014). Briefly, the PCR was performed in a total volume of 25 pL,
with 5 pL AccuPower PCR PreMix (Bioneer, Korea), 1 pL forward primer
(5’-CTGGAGACCACTCCCATCCTTTCT-3'), 1 pL reverse primer (5'-
GATGTGGCCATCACATTCGTCAGAT-3'), 3 uL. DNA and 15 pL deionized
distilled water. The tube was transferred to thermal cycler (Eppendorf,
Germany) that was programmed for the following optimized conditions:
an initial denaturation cycle (94 °C for 5 min), followed by 35 cycles of
denaturation (94 °C for 30 s), annealing (58 °C for 30 s) and extension
(72 °C for 45 s), and a final extension cycle (72 °C for 5 min). The PCR
products were electrophoresed in agarose gel (1.5%; 5 V/cm? for 55
min), and migrating bands were visualized using gel documentation
system. Two bands of different molecular sizes were encountered; 490
bp (I allele) and 190 bp (D allele) (Supplementary Figure).

For SNP rs2285666, also a previous method was adopted (Wu et al.,
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2017). Briefly, the PCR was performed in a total volume of 25 pL, with 5
pL AccuPower PCR PreMix (Bioneer, Korea), 1 pL forward primer (5’-
CATGTGGTCAAAAGGATATCT —3'), 1 pL reverse primer (5-AAAGTA
AGGTTGGCAGACAT -3'), 3 pL DNA and 15 pL deionized distilled
water. The tube was transferred to thermal cycler (Eppendorf, Germany)
that was programmed for the following optimized conditions: an initial
denaturation cycle (95 °C for 1 min), followed by 35 cycles of dena-
turation (94 °C for 30 s), annealing (50.6 °C for 30 s) and extension
(72 °C for 45 s), and a final extension cycle (72 °C for 7 min). The PCR
products were digested with the restriction enzyme Alu I for 4 h at 37 °C.
Then, the digested PCR products were electrophoresed in agarose gel
(1.5%; 5 V/cm? for 55 min), and migrating bands were visualized using
gel documentation system. Allele G was presented with a single band
with a molecular size of 466 bp, while allele A had two bands with
molecular sizes of 281 bp and 185 bp (Supplementary Figure).

2.5. Statistical analysis

Number and percentage were used to describe categorical variables
and significant differences were assessed by two-tailed Fisher exact test.
Continuous variables were tested for normality (Kolmogorov-Smirnov
and Shapiro-Wilk test). Normally distributed variables were given as
mean and standard deviation (SD), and significant differences were
evaluated with Student t-test. Nonparametric variables (skewed) were
expressed as median and interquartile range (IQR), and Mann-Whitney
U test was used to determine significant differences. A goodness-of-fit
Chi-squared test was used to test the departure from Hardy-Weinberg
equilibrium (HWE) of ACE and ACE2 genotype distributions. Strength
of association between ACE and ACE2 gene polymorphisms (rs4646994
and rs2285666, respectively) and risk of COVID-19 was measured by
odds ratio (OR) with 95% confidence interval (CI). A probability (p) <
was considered statistically significant. These analyses were performed
using IBM SPSS Statistics 25.0 (Armonk, NY: IBM Corp.). G*Power
software (version 3.1.9.7) was used to determine power of sample size.

3. Results
3.1. Power of sample size

The power of sample size was estimated for COVID-19 patients (N =
99) and controls (N = 96) at an «a error probability of 0.05 and effect size
of 0.3. The actual power (1-p error probability) was 0.66, which is less
than 0.80; statistically acceptable power.

3.2. Baseline characteristics of patients

COVID-19 cases with severe disease showed a significantly higher
mean age compared to moderate cases (56.7 + 8.0 vs. 45.6 + 7.2 years;
p < 0.001). Males outnumbered females in severe disease (61.3 vs.
38.7%), while females outnumbered males in moderate disease (54.4 vs.
45.6%), but the difference was not significant between the two groups of
patients (p = 0.194). Prevalence of diabetes and hypertension was
significantly higher in severe cases than in moderate cases (87.1 vs.
35.3% and 93.5 vs. 35.3%, respectively; p < 0.001). Serum levels of CRP
were significantly higher in severe cases compared to moderate cases
(29.8 [IQR: 27.3-61.1] vs. 9.7 [IQR: 5.1-16.2] mg/L; p < 0.001).
Leukocyte (3.5 + 0.8 vs. 6.5 + 1.4 *109/L;p < 0.001), neutrophil (2.4 +
0.7 vs. 3.7 + 0.8%10%/L; p < 0.001) and lymphocyte (1.0 & 0.3 vs. 2.6 +
0.7*10°/L; p < 0.001) counts decreased significantly in severe cases
compared to moderate cases, while the NLR increased significantly (2.3
[IQR: 2.2-2.9] vs. 1.5 [1.2-1.6]; p < 0.001). Finally, SARS-CoV-2 RT-
PCR Ct value showed a significantly decreased median in severe cases
compared to moderate cases (28 [IQR: 25-29] vs. 32 [30-35]; p < 0.001)
(Table 1).
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Table 1
Baseline characteristics of COVID-19 patients.
Characteristicf COVID-19 patients; N = 99 p-value
Moderate; N = Severe; N = 31
68
Age; year 45.6 7.2 56.7 + 8.0 <
0.001
Gender Male 31 (45.6) 19 (61.3) 0.194
Female 37 (54.4) 12 (38.7)
Diabetes Present 24 (35.3) 27 (87.1) <
0.001
Absent 44 (64.7) 4 (12.9)
Hypertension Present 24 (35.3) 29 (93.5) <
0.001
Absent 44 (64.7) 2(6.5)
C-reactive protein; mg/ 9.7 (5.1-16.2) 29.8 <
L (27.3-61.1) 0.001
White blood cells; *10°/ 6.5+1.4 3.5+ 0.8 <
L 0.001
Neutrophils; *10%/L 3.7+08 2.4+0.7 <
0.001
Lymphocytes; *10°/L 2.6 £0.7 1.0+ 0.3 <
0.001
Neutrophil-to- 1.5 (1.2-1.6) 2.3 (2.2-2.9) <
lymphocyte ratio 0.001
SARS-CoV-2 RT-PCR Ct 32 (30-35) 28 (25-29) <
0.001

i: Data are given as mean =+ standard deviation, median and interquartile range
(continuous variables) or number and percentage (categorical variables). Means
were compared with Student t-test. Medians were compared with Mann-Whitney
U test. Categorical variables were compared with two-tailed Fisher exact test.
Significant p-value is indicated in bold.

3.3. ACE (rs4646994 1/D) and ACE2 (rs2285666 G/A) SNPs

Genotype frequencies of rs4646994 and rs2285666 SNPs were in
good agreement with HWE in COVID-19 patients and controls, as there
were no significant differences between observed and expected fre-
quencies. When comparing patients to controls, allele and genotype
frequencies of the two SNPs did not show significant variation. The
152285666 A allele was an exception and showed a significantly higher
frequency in female patients than in female controls (29.6 vs. 16.7%; OR
= 2.10; 95% CI = 1.06-4.18; p = 0.041), while males did not show this
difference (Table 2). When allele and genotype frequencies of
rs4646994 and rs2285666 SNPs stratified by disease severity (moderate
and severe), gender (males and females), diabetes (present and absent)
and hypertension (present and absent) in COVID-19 patients, no sig-
nificant differences were found in each stratum (Supplementary Tables 1
and 2).

4. Discussion

The study results demonstrated that age, CRP, NLR, diabetes and
hypertension can be considered as significant risk factors in determining
severe illness in COVID-19 patients, and this may help determine the risk
classification for the likelihood of severe infection. In terms of age, the
study showed that advanced ages paralleled the severity of COVID-19,
and severe cases tended to be over the age of 50 years, while moder-
ate cases were under 50 years. Consistent with this observation, most
studies pointed out that the elderly are not only at increased risk of
contracting COVID-19, but severe forms of illness and mortality are most
common among these people (Farshbafnadi et al., 2021). Older people
have been reported to have more difficulty breathing compared to
younger people and have less frequent symptoms or signs of classic
COVID-19, such as fever or shortness of breath (Kennedy et al., 2020).
Instead, they are more likely to develop uncommon presentations of
disease; for instance, confusion, delirium and dementia, which have also
been linked to an increased risk of death (Poloni et al., 2020). Further,
COVID-19 patients 60 years of age or older tend to have more severe
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Table 2
Logistic regression and Hardy-Weinberg equilibrium analyses of ACE (rs4646994) and ACE2 (rs2285666) gene SNPs in COVID-19 patients versus controls.
SNP Allele/ Patients (N = 99) Controls (N = 96) OR (95% CI) p-value
genotype N % N %
154646994 1 74 37.4 63 32.8 Reference
D 124 62.6 129 67.2 0.82 (0.54-1.24) 0.396
I 14 14.1 8 8.3 Reference
ID 46 46.5 47 49.0 0.56 (0.20-1.52) 0.253
DD 39 39.4 41 42.7 0.56 (0.21-1.56) 0.266
p-HWE 0.941 0.279
1522856661
Female G 69 70.4 80 83.3 Reference
A 29 29.6 16 16.7 2.10 (1.06-4.18) 0.041
GG 26 53.1 33 68.8 Reference
GA 17 34.7 14 29.2 1.98 (0.83-4.72) 0.124
AA 6 12.2 1 2.1 1.82 (0.82-4.06) 0.142
p-HWE 0.241 0.729
Male G 35 70.0 35 72.9 Reference
A 15 30.0 13 27.1 1.15 (0.48-2.75) 0.825

: Results were analyzed separately for males and females because the SNP is located on X chromosome; SNP: Single nucleotide polymorphism; HWE: Hardy-Weinberg
equilibrium; I: Insertion; D: Deletion; OR: Odds ratio; CI: Confidence interval; p: Two-tailed Fisher exact probability (significant p-value is indicated in bold).

pneumonia with lesions of multi-lobar appearance than patients
younger than 60 years of age (Liu et al., 2020).

Several factors have been described that contribute to an increased
risk of COVID-19 infection and disease severity in older adults, and the
immune system is one of the most important proposed factors in this
context (Chen et al., 2021). A hallmark of aging is the shift of the innate
and adaptive immune responses towards creating inflammatory states in
the human body, and inflammatory marker genes have been shown to
exhibit up-regulated expression in inflammatory cells (Bajaj et al.,
2021). Besides, it has been found that aging is associated with down-
regulated functions of cells of the adaptive immune system; for
instance, antigen-presenting, T-cytotoxic and B cells, and this may
counteract the adaptive immune system to control infection and
inflammation (Zhu et al., 2021). Therefore, age-related dysregulated
immune functions, which have been described as immunosenescence
and inflammaging, play a major role in contributing to increased sus-
ceptibility to severe COVID-19 (Chen et al., 2021). In the current study,
the WBC in general and neutrophils and lymphocytes in particular were
significantly decreased in patients with severe COVID-19 compared to
patients with moderate disease. Conversely, the inflammatory markers
CRP and NLR were significantly elevated and indicated to be associated
with COVID-19 severity. CRP is a non-specific protein produced by he-
patocytes in response to infection and inflammation. Most studies agree
that CRP showed up-regulated levels in serum of COVID-19 patients, but
this deviation was more pronounced in severe cases and about 68% of
these cases demonstrated up-regulated levels (Ali, 2020). CRP levels
were also correlated with oxygen saturation, and patients with SpO, <
90% were presented with markedly elevated CRP levels compared to
patients with SpOy > 90% (76.51 vs. 12.70 mg/L) (Xie et al., 2020).
Thus, CRP has been linked to more severe disease, lung injury and worse
prognosis in COVID-19 patients. NLR is an additional marker of
inflammation, and it has been indicated that NLR can be used as an early
warning marker for exacerbation of severe COVID-19 and can provide
an objective basis for the identification and management of severe
pneumonia in COVID-19 patients (Imran et al., 2021). Furthermore, the
NLR has been considered as an independent predictor of poor clinical
outcome and mortality in COVID-19 patients (Ciccullo et al., 2020).

In addition to the immune system, comorbidities associated with
aging such as diabetes and cardiovascular disease have been shown to be
associated with the risk of contracting COVID-19 and disease severity. In
the current study, most severe cases already had diabetes and hyper-
tension and their prevalence was significantly higher in patients with
severe disease than in moderately ill patients. Previous studies have also
shown that diabetes and hypertension are the most prevalent

comorbidities among COVID-19 patients, and have been observed to
increase the risk of morbidity and mortality (Barrera et al., 2020; De
Almeida-Pititto et al., 2020). However, it is not clear whether the two
comorbidities were independent predictors of COVID-19 severity or
might have synergistic effects (Tadic and Cuspidi, 2021). To shed light
on this issue, a study was conducted to evaluate the contributions of
diabetes alone, hypertension alone, or their combination to the risk of
severe COVID-19 infection and other clinical complications. The data
obtained revealed that hypertension was not independent risk factors for
respiratory failure but slightly increased the risk of severe COVID-19,
and the risk associated with hypertension may be due to the con-
founding effects of diabetes (Sun et al., 2021). However, further recent
study showed that diabetes and hypertension were the most common co-
morbid conditions that occurred in COVID-19 patients with an approx-
imate prevalence (45.1 and 48.1%, respectively) and based on the Fra-
mingham risk score, most of them were classified within the high-risk
group (Alshaikh et al., 2021).

This study also pointed out for the significance of SARS-CoV-2 RT-
PCR Ct value in determining severity of COVID-19. A Ct value represents
the number of the cycle at which the signal crosses the positivity
threshold, and thus a lower Ct value indicates a higher viral load.
Although the relevance of viral load to severity of COVID-19 has been
controversial (Abdulrahman et al., 2021), some studies have indicated
that viral load is associated with increased disease severity and mortality
(Rao et al., 2020; Waudby-West et al., 2021). Besides, as in the current
study, viral load of SARS-CoV-2 was associated with decreased absolute
lymphocyte count and increased CRP levels (Fajnzylber et al., 2020).

Recent studies have also linked severity of COVID-19 to ACE2.
Plasma ACE2 has been indicated to have potential value in predicting
outcomes in COVID-19 patients, and this RAS enzyme may represent a
link between disease severity and comorbidities such as cardiovascular
disease (Kragstrup et al., 2021). Unfortunately, the current study did not
measure ACE2 levels in plasma of COVID-19 patients, and instead
focused on two variants of ACE and ACE2 genes (SNPs rs4646994 and
152285666, respectively). A comparison of COVID-19 patients and
controls revealed that allele and genotype frequencies of the two SNPs
showed no significant differences. Further, allele and genotype fre-
quencies stratified by disease severity, gender, diabetes and hyperten-
sion also did not show any significant differences. The exception was
allele A of SNP rs2285666, which showed a significantly higher fre-
quency in female patients and scored an OR of 2.10. However, this
finding should be interpreted with caution because the p-value was not
corrected for multiple comparisons, and therefore we cannot rely on it.
Similar to our findings, SNPs rs4646994 and rs2285666 were not
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associated with susceptibility to COVID-19 in a cohort of Spanish pa-
tients, but the rs4646994 DD genotype showed a significantly higher
frequency in severe cases than in cases of mild disease (46 vs. 32%; p =
0.049) (Gomez et al., 2020). The two polymorphisms were also not
associated with COVID-19 severity in Turkish patients (Karakas Celik
etal., 2021). However, frequency of rs4646994 II genotype was reported
to be significantly increased in Czech patients with symptomatic COVID-
19 compared to controls (26.2 vs. 21.2%; p = 0.02), while asymptomatic
patients (SARS-CoV-2-positive) showed no significant variations
compared to controls (Hubacek et al., 2021). It has also been proposed
that presence of rs4646994 DD genotype with COVID-19 is likely to be
associated with increased disease severity and morbidity and may
impact the disease outcomes (Sarangarajan et al., 2021). In a German
study, genotyping of SNP rs2285666 was performed in SARS-CoV-2-
positive and SARS-CoV-2-negative patients. The results demonstrated
that allele G and genotype GG were associated with susceptibility to
COVID-19, particularly in seriously ill patients (Mohlendick et al.,
2021). As presented, the association of the rs4646994 and rs2285666
polymorphisms with susceptibility to COVID-19 is inconsistent across
studies around the world, and this may be related to ethnic variations
between populations as these variants show some population-based
differences (Sarangarajan et al., 2021; Srivastava et al., 2020). There-
fore, we may encounter conflicting results but this should not underes-
timate the role of polymorphisms in the ACE and ACE2 genes in
susceptibility to COVID-19 or disease severity. This is due to the fact that
the two enzymes have been implicated in causing severe lung injury and
organ regression in COVID-19 patients. Besides, their receptors are key
factors for the entry of SARS-CoV-2 into cells, retention of sodium and
water with hypertension, and the promotion of fibrotic and inflamma-
tory conditions that lead to cytokine release syndrome (or cytokine
storm) (Cafiero et al., 2021). Thus, ACE and ACE2 gene expression and
polymorphism require extensive research to understand their impact on
susceptibility to SARS-CoV-2 infection and disease outcome in COVID-
19 patients.

Regarding hypertension and diabetes and prior to the COVID-19
pandemic, three meta-analysis studies considered the D allele of the
rs4646994 SNP as a risk variant for developing hypertension or diabetes
in various world populations including Asian, Caucasian and African
populations (Oscanoa et al., 2021). In the current study, this role for the
D allele was not confirmed and no significant differences were found in
the distribution of allele or genotype frequencies of rs4646994 poly-
morphism between diabetic and non-diabetic or hypertensive and non-
hypertensive COVID-19 patients. Consistent with our observation, the
rs4646994 polymorphism was also not associated with hypertension in
African-Brazilians, Caucasians-Brazilians and Peruvians (Bonfim-Silva
etal., 2016; Oscanoa et al., 2020). Similarly, this polymorphism was not
associated with diabetes in Brazilians and Chinese (Bonini Domingos
et al., 2014; Zhou et al., 2012). Regardless of these conflicting results,
we cannot rule out the need for further studies on rs4646994 poly-
morphism and its association with hypertension and diabetes.

The study faced limitations with the small size of patients and con-
trols, especially patients with severe COVID-19, and a larger cohort is
needed. Besides, asymptomatic cases were not investigated.

In conclusion, the study indicated the role of age, CRP, NLR and
SARS-CoV-2 RT-PCR Ct in susceptibility to COVID-19 severity. However,
analysis of the ACE and ACE2 gene variants (rs4646994 and rs2285666,
respectively) showed that the two variants were not associated with the
risk of developing COVID-19.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Meta Gene 31 (2022) 101014
Declaration of Competing Interest

The authors declare that there were no conflicts of interest.

Acknowledgments

The authors appreciate the cooperation of the medical staff at
COVID-19 Care Units of Baghdad Teaching Hospital.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.mgene.2022.101014.

References

Abassi, Z., Higazi, A.A.R., Kinaneh, S., Armaly, Z., Skorecki, K., Heyman, S.N., 2020.
ACE2, COVID-19 infection, inflammation, and coagulopathy: missing pieces in the
Puzzle. Front. Physiol. 11, 1253. https://doi.org/10.3389/fphys.2020.574753.

Abdulrahman, A., Mallah, S.I., Algahtani, M., 2021. COVID-19 viral load not associated
with disease severity: findings from a retrospective cohort study. BMC Infect. Dis. 21,
1-4. https://doi.org/10.1186/5s12879-021-06376-1.

Ali, N., 2020. Elevated level of C-reactive protein may be an early marker to predict risk
for severity of COVID-19. J. Med. Virol. 92, 2409-2411. https://doi.org/10.1002/
jmv.26097.

Alshaikh, M.K., Alotair, H., Alnajjar, F., Sharaf, H., Alhafi, B., Alashgar, L., Aljuaid, M.,
2021. Cardiovascular risk factors among patients infected with covid-19 in saudi
arabia. Vasc. Health Risk Manag. 17, 161-168. https://doi.org/10.2147/VHRM.
S$300635.

Bajaj, V., Gadi, N., Spihlman, A.P., Wu, S.C., Choi, C.H., Moulton, V.R., 2021. Aging,
immunity, and COVID-19: how age influences the host immune response to
coronavirus infections? Front. Physiol. 11, 571416 https://doi.org/10.3389/
fphys.2020.571416.

Barrera, F.J., Shekhar, S., Wurth, R., Moreno-Pena, P.J., Ponce, O.J., Hajdenberg, M.,
Alvarez-Villalobos, N.A., Hall, J.E., Schiffrin, E.L., Eisenhofer, G., Porter, F., Brito, J.
P., Bornstein, S.R., Stratakis, C.A., Gonzalez-Gonzalez, J.G., Rodiguez-Gutiérrez, R.,
Hannah-Shmouni, F., 2020. Prevalence of diabetes and hypertension and their
associated risks for poor outcomes in Covid-19 patients. J. Endocr. Soc. 4, bvaal02.
https://doi.org/10.1210/jendso/bvaal02.

Bonfim-Silva, R., Guimaraes, L.O., Santos, J.S., Pereira, J.F., Leal Barbosa, A.A., Souza
Rios, D.L., 2016. Case-control association study of polymorphisms in the
angiotensinogen and angiotensin-converting enzyme genes and coronary artery
disease and systemic artery hypertension in African-Brazilians and Caucasian-
Brazilians. J. Genet. 95, 63-69. https://doi.org/10.1007/512041-015-0599-5.

Bonini Domingos, A.C., Bonini-Domingos, C.R., Iacida, E.C., de Mattos, C.C.B., de
Mattos, L.C., 2014. Angiotensin converting enzyme polymorphism in type 2 diabetes
mellitus. Biomarkers Genom. Med. 6, 99-104. https://doi.org/10.1016/j.
bgm.2014.06.001.

Bunyavanich, S., Do, A., Vicencio, A., 2020. Nasal gene expression of angiotensin-
converting enzyme 2 in children and adults. J. Am. Med. Assoc. 323, 2427-2429.
https://doi.org/10.1001/jama.2020.8707.

Cafiero, C., Rosapepe, F., Palmirotta, R., Re, A., Ottaiano, M.P., Benincasa, G., Perone, R.,
Varriale, E., D’amato, G., Cacciamani, A., Micera, A., Pisconti, S., 2021. Angiotensin
system polymorphisms’ in sars-cov-2 positive patients: Assessment between
symptomatic and asymptomatic patients: a pilot study. Pharmgenom. Pers. Med. 14,
621-629. https://doi.org/10.2147/PGPM.S303666.

Chen, Y., Klein, S.L., Garibaldi, B.T., Li, H., Wu, C., Osevala, N.M., Li, T., Margolick, J.B.,
Pawelec, G., Leng, S.X., 2021. Aging in COVID-19: Vulnerability, immunity and
intervention. Ageing Res. Rev. 65, 101205 https://doi.org/10.1016/j.
arr.2020.101205.

Ciccullo, A., Borghetti, A., Zileri Dal Verme, L., Tosoni, A., Lombardi, F., Garcovich, M.,
Biscetti, F., Montalto, M., Cauda, R., Di Giambenedetto, S., 2020. Neutrophil-to-
lymphocyte ratio and clinical outcome in COVID-19: a report from the Italian front
line. Int. J. Antimicrob. Agents 56, 106017. https://doi.org/10.1016/j.
ijantimicag.2020.106017.

Darif, D., Hammi, I., Kihel, A., El Idrissi Saik, 1., Guessous, F., Akarid, K., 2021. The pro-
inflammatory cytokines in COVID-19 pathogenesis: what goes wrong? Microb.
Pathog. 153, 104799 https://doi.org/10.1016/j.micpath.2021.104799.

De Almeida-Pititto, B., Dualib, P.M., Zajdenverg, L., Dantas, J.R., De Souza, F.D.,
Rodacki, M., Bertoluci, M.C., 2020. Severity and mortality of COVID 19 in patients
with diabetes, hypertension and cardiovascular disease: a meta-analysis. Diabetol.
Metab. Syndr. 12, 1-12. https://doi.org/10.1186/513098-020-00586-4.

Devaux, C.A., Rolain, J.M., Raoult, D., 2020. ACE2 receptor polymorphism:
Susceptibility to SARS-CoV-2, hypertension, multi-organ failure, and COVID-19
disease outcome. J. Microbiol. Immunol. Infect. 53, 425-435. https://doi.org/
10.1016/j.jmii.2020.04.015.

Fajnzylber, J., Regan, J., Coxen, K., Corry, H., Wong, C., Rosenthal, A., Worrall, D.,
Giguel, F., Piechocka-Trocha, A., Atyeo, C., Fischinger, S., Chan, A., Flaherty, K.T.,
Hall, K., Dougan, M., Ryan, E.T., Gillespie, E., Chishti, R., Li, Y., Jilg, N.,
Hanidziar, D., Baron, R.M., Baden, L., Tsibris, A.M., Armstrong, K.A., Kuritzkes, D.R.,
Alter, G., Walker, B.D., Yu, X,, Li, J.Z., Abayneh, B.A., Allen, P., Antille, D.,


https://doi.org/10.1016/j.mgene.2022.101014
https://doi.org/10.1016/j.mgene.2022.101014
https://doi.org/10.3389/fphys.2020.574753
https://doi.org/10.1186/s12879-021-06376-1
https://doi.org/10.1002/jmv.26097
https://doi.org/10.1002/jmv.26097
https://doi.org/10.2147/VHRM.S300635
https://doi.org/10.2147/VHRM.S300635
https://doi.org/10.3389/fphys.2020.571416
https://doi.org/10.3389/fphys.2020.571416
https://doi.org/10.1210/jendso/bvaa102
https://doi.org/10.1007/s12041-015-0599-5
https://doi.org/10.1016/j.bgm.2014.06.001
https://doi.org/10.1016/j.bgm.2014.06.001
https://doi.org/10.1001/jama.2020.8707
https://doi.org/10.2147/PGPM.S303666
https://doi.org/10.1016/j.arr.2020.101205
https://doi.org/10.1016/j.arr.2020.101205
https://doi.org/10.1016/j.ijantimicag.2020.106017
https://doi.org/10.1016/j.ijantimicag.2020.106017
https://doi.org/10.1016/j.micpath.2021.104799
https://doi.org/10.1186/s13098-020-00586-4
https://doi.org/10.1016/j.jmii.2020.04.015
https://doi.org/10.1016/j.jmii.2020.04.015

Z.S. Mahmood et al.

Balazs, A., Bals, J., Barbash, M., Bartsch, Y., Boucau, J., Boyce, S., Braley, J.,
Branch, K., Broderick, K., Carney, J., Chevalier, J., Choudhary, M.C., Chowdhury, N.,
Cordwell, T., Daley, G., Davidson, S., Desjardins, M., Donahue, L., Drew, D.,
Einkauf, K., Elizabeth, S., Elliman, A., Etemad, B., Fallon, J., Fedirko, L., Finn, K.,
Flannery, J., Forde, P., Garcia-Broncano, P., Gettings, E., Golan, D., Goodman, K.,
Griffin, A., Grimmel, S., Grinke, K., Hartana, C.A., Healy, M., Heller, H., Henault, D.,
Holland, G., Jiang, C., Jordan, H., Kaplonek, P., Karlson, E.W., Karpell, M.,
Kayitesi, C., Lam, E.C., LaValle, V., Lefteri, K., Lian, X., Lichterfeld, M., Lingwood, D.,
Liu, H., Liu, J., Lopez, K., Lu, Y., Luthern, S., Ly, N.L., MacGowan, M., Magispoc, K.,
Marchewka, J., Martino, B., McNamara, R., Michell, A., Millstrom, I., Miranda, N.,
Nambu, C., Nelson, S., Noone, M., Novack, L., O’Callaghan, C., Ommerborn, C.,
Osborn, M., Pacheco, L.C., Phan, N., Pillai, S., Porto, F.A., Rassadkina, Y., Reissis, A.,
Ruzicka, F., Seiger, K., Selleck, K., Sessa, L., Sharpe, A., Sharr, C., Shin, S., Singh, N.,
Slaughenhaupt, S., Sheppard, K.S., Sun, W., Sun, X., Suschana, E., Talabi, O.,
Ticheli, H., Weiss, S.T., Wilson, V., Zhu, A., 2020. SARS-CoV-2 viral load is
associated with increased disease severity and mortality. Nat. Commun. 11, 1-9.
https://doi.org/10.1038/5s41467-020-19057-5.

Farshbafnadi, M., Kamali Zonouzi, S., Sabahi, M., Dolatshahi, M., Aarabi, M.H., 2021.
Aging & COVID-19 susceptibility, disease severity, and clinical outcomes: the role of
entangled risk factors. Exp. Gerontol. 154, 111507 https://doi.org/10.1016/j.
exger.2021.111507.

Fresan, U., Guevara, M., Trobajo-Sanmartin, C., Burgui, C., Ezpeleta, C., Castilla, J.,
2021. Hypertension and related comorbidities as potential risk factors for COVID-19
hospitalization and severity: a prospective population-based cohort study. J. Clin.
Med. 10, 1194. https://doi.org/10.3390/jcm10061194.

Gemmati, D., Tisato, V., 2020. Genetic hypothesis and pharmacogenetics side of renin-
angiotensin-system in COVID-19. Genes (Basel) 11, 1-17. https://doi.org/10.3390/
genes11091044.

Gomez, J., Albaiceta, G.M., Garcia-Clemente, M., Lopez-Larrea, C., Amado-Rodriguez, L.,
Lopez-Alonso, 1., Hermida, T., Enriquez, A.1., Herrero, P., Meldn, S., Alvarez-
Argiielles, M.E., Boga, J.A., Rojo-Alba, S., Cuesta-Llavona, E., Alvarez, V., Lorca, R.,
Coto, E., 2020. Angiotensin-converting enzymes (ACE, ACE2) gene variants and
COVID-19 outcome. Gene 762, 145102. https://doi.org/10.1016/J.
GENE.2020.145102.

Hubacek, J.A., Dusek, L., Majek, O., Adamek, V., Cervinkova, T., Dlouha, D.,
Adamkova, V., 2021. ACE I/D polymorphism in Czech first-wave SARS-CoV-2-
positive survivors. Clin. Chim. Acta 519, 206-209. https://doi.org/10.1016/j.
cca.2021.04.024.

Imran, M.M., Ahmad, U., Usman, U., Ali, M., Shaukat, A., Gul, N., 2021. Neutrophil/
lymphocyte ratio—A marker of COVID-19 pneumonia severity. Int. J. Clin. Pract. 75,
e13698 https://doi.org/10.1111/ijcp.13698.

Karakas Celik, S., Cakmak Geng, G., Piskin, N., A¢ikgoz, B., Altinsoy, B., Kurucu i§siz, B.,
Dursun, A., 2021. Polymorphisms of ACE (I/D) and ACE2 receptor gene (Rs2106809,
Rs2285666) are not related to the clinical course of COVID-19: a case study. J. Med.
Virol. https://doi.org/10.1002/jmv.27160.

Kennedy, M., Helfand, B.K.I., Gou, R.Y., Gartaganis, S.L., Webb, M., Moccia, J.M.,
Bruursema, S.N., Dokic, B., McCulloch, B., Ring, H., Margolin, J.D., Zhang, E.,
Anderson, R., Babine, R.L., Hshieh, T., Wong, A.H., Taylor, R.A., Davenport, K.,
Teresi, B., Fong, T.G., Inouye, S.K., 2020. Delirium in older patients with COVID-19
presenting to the emergency department. JAMA Netw. Open 3, €2029540. https://
doi.org/10.1001/jamanetworkopen.2020.29540.

Khan, L.A., Jahan, P., Hasan, Q., Rao, P., 2014. Angiotensin-converting enzyme gene
insertion/deletion polymorphism studies in Asian Indian pregnant women
biochemically identifies gestational diabetes mellitus. J. Renin-Angiotensin-
Aldosterone Syst. 15, 566-571. https://doi.org/10.1177/1470320313502106.

Kragstrup, T.W., Singh, H.S., Grundberg, I., Nielsen, A.L.L., Rivellese, F., Mehta, A.,
Goldberg, M.B., Filbin, M.R., Qvist, P., Bibby, B.M., 2021. Plasma ACE2 predicts
outcome of COVID-19 in hospitalized patients. PLoS One 16, €0252799. https://doi.
org/10.1371/journal.pone.0252799.

Liu, K., Chen, Y., Lin, R., Han, K., 2020. Clinical features of COVID-19 in elderly patients:
a comparison with young and middle-aged patients. J. Inf. Secur. https://doi.org/
10.1016/j.jinf.2020.03.005.

Ludwig, S., Zarbock, A., 2020. Coronaviruses and SARS-CoV-2: a brief overview. Anesth.
Analg. 93-96 https://doi.org/10.1213/ANE.0000000000004845.

Mohlendick, B., Schonfelder, K., Breuckmann, K., Elsner, C., Babel, N., Balfanz, P.,
Dahl, E., Dreher, M., Fistera, D., Herbstreit, F., Holzer, B., Koch, M., Kohnle, M.,
Marx, N., Risse, J., Schmidt, K., Skrzypczyk, S., Sutharsan, S., Taube, C., Westhoff, T.
H., Jockel, K.-H., Dittmer, U., Siffert, W., Kribben, A., 2021. ACE2 polymorphism
and susceptibility for SARS-CoV-2 infection and severity of COVID-19.
Pharmacogenet. Genom. Publish Ah 1-7. https://doi.org/10.1097/
fpc.0000000000000436.

Oscanoa, T.J., Cieza, E.C., Lizaraso-Soto, F.A., Guevara, M.L., Fyjita, R.M., Romero-
Ortuno, R., 2020. Lack of association between angiotensin-converting enzyme (ACE)
genotype and essential hypertension in Peruvian older people. Arter. Hypertens. 24,
115-119. https://doi.org/10.5603/AH.A2020.0011.

Oscanoa, T.J., Vidal, X., Coto, E., Romero-Ortuno, R., 2021. ACE gene I/D polymorphism
and severity of SARS-CoV-2 infection in hospitalized patients: a meta-analysis. Arter.
Hypertens. 25, 112-118. https://doi.org/10.5603/AH.a2021.0018.

Meta Gene 31 (2022) 101014

Parasher, A., 2021. COVID-19: current understanding of its pathophysiology, clinical
presentation and treatment. Postgrad. Med. J. https://doi.org/10.1136/
postgradmed;j-2020-138577.

Peng, M., 2020. Outbreak of COVID-19: an emerging global pandemic threat. Biomed.
Pharmacother. 129, 110499 https://doi.org/10.1016/j.biopha.2020.110499.

Poloni, T.E., Carlos, A.F., Cairati, M., Cutaia, C., Medici, V., Marelli, E., Ferrari, D.,
Galli, A., Bognetti, P., Davin, A., Cirrincione, A., Ceretti, A., Cereda, C., Ceroni, M.,
Tronconi, L., Vitali, S., Guaita, A., 2020. Prevalence and prognostic value of Delirium
as the initial presentation of COVID-19 in the elderly with dementia: an Italian
retrospective study. EClinicalMedicine 26, 100490. https://doi.org/10.1016/j.
eclinm.2020.100490.

Pouladi, N., Abdolahi, S., 2021. Investigating the ACE2 polymorphisms in COVID-19
susceptibility: an in silico analysis. Mol. Genet. Genom. Med. 9 https://doi.org/
10.1002/mgg3.1672.

Rabaan, A.A., Al-Ahmed, S.H., Muhammad, J., Khan, A., Sule, A.A., Tirupathi, R., Al
Mutair, A., Alhumaid, S., Al-Omari, A., Dhawan, M., Tiwari, R., Sharun, K.,
Mohapatra, R.K., Mitra, S., Bilal, M., Alyami, S.A., Emran, T. Bin, Moni, M.A.,
Dhama, K., 2021. Role of inflammatory cytokines in covid-19 patients: a review on
molecular mechanisms, immune functions, immunopathology and
immunomodulatory drugs to counter cytokine storm. Vaccines 9, 436. https://doi.
org/10.3390/vaccines9050436.

Rao, S.N., Manissero, D., Steele, V.R., Pareja, J., 2020. A narrative systematic review of
the clinical utility of cycle threshold values in the context of COVID-19. Infect. Dis.
Ther. 9, 573-586. https://doi.org/10.1007/540121-020-00324-3.

Sarangarajan, R., Winn, R., Kiebish, M.A., Bountra, C., Granger, E., Narain, N.R., 2021.
Ethnic prevalence of angiotensin-converting enzyme seletion (D) polymorphism and
COVID-19 risk: rationale for use of angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers. J. Racial Ethn. Health Disparities 8, 973-980. https://
doi.org/10.1007/s40615-020-00853-0.

Singh, H.O., Choudhari, R., Nema, V., Khan, A.A., 2021. ACE2 and TMPRSS2
polymorphisms in various diseases with special reference to its impact on COVID-19
disease. Microb. Pathog. https://doi.org/10.1016/j.micpath.2020.104621.

Srivastava, A., Pandey, R.K., Singh, P.P., Kumar, P., Rasalkar, A.A., Tamang, R., van
Driem, G., Shrivastava, P., Chaubey, G., 2020. Most frequent South Asian haplotypes
of ACE2 share identity by descent with East Eurasian populations. PLoS One 15.
https://doi.org/10.1371/journal.pone.0238255.

Sun, Y., Guan, X., Jia, L., Xing, N., Cheng, L., Liu, B., Zhang, S., He, K., 2021. Independent
and combined effects of hypertension and diabetes on clinical outcomes in patients
with COVID-19: a retrospective cohort study of Huoshen Mountain Hospital and
Guanggu Fangcang Shelter Hospital. J. Clin. Hypertens. 23, 218-231. https://doi.
org/10.1111/jch.14146.

Tadic, M., Cuspidi, C., 2021. The influence of diabetes and hypertension on outcome in
COVID-19 patients: Do we mix apples and oranges? J. Clin. Hypertens. 23, 235-237.
https://doi.org/10.1111/jch.14145.

Waudby-West, R., Parcell, B.J., Palmer, C.N.A., Bell, S., Chalmers, J.D., Siddiqui, M.K.,
2021. The association between SARS-CoV-2 RT-PCR cycle threshold and mortality in
a community cohort. Eur. Respir. J. 58, 2100360. https://doi.org/10.1183/
13993003.00360-2021.

Wiese, 0.J., Allwood, B.W., Zemlin, A.E., 2020. COVID-19 and the renin-angiotensin
system (RAS): a spark that sets the forest alight? Med. Hypotheses 144, 110231.
https://doi.org/10.1016/j.mehy.2020.110231.

Wolff, D., Nee, S., Hickey, N.S., Marschollek, M., 2021. Risk factors for Covid-19 severity
and fatality: a structured literature review. Infection. https://doi.org/10.1007/
515010-020-01509-1.

World Health Organization, 2020. Clinical Management of Severe Acute Respiratory
Infection When Novel Coronavirus (2019-nCoV) Infection is Suspected: Interim
Guidance 28 January 2020. Who.

Worldometer, 2021. COVID Live Update [WWW Document]. Worldometer.
https://www.worldometers.info/coronavirus/?fbclid=IwAR35ZFiRZJ8tyBCwaz
X2N-k7yJjZOLDQiZSA_MsJAfdK74s8f2a_Dgx4iVk#countries (accessed 8.5.21).

Wu, Y.H., Li, J.Y., Wang, C., Zhang, L.M., Qiao, H., 2017. The ACE2 G8790A
polymorphism: involvement in type 2 diabetes mellitus combined with cerebral
stroke. J. Clin. Lab. Anal. 31, 22033. https://doi.org/10.1002/jcla.22033.

Xie, J., Covassin, N., Fan, Z., Singh, P., Gao, W., Li, G., Kara, T., Somers, V.K., 2020.
Association between hypoxemia and mortality in patients With COVID-19. Mayo
Clin. Proc. 95, 1138-1147. https://doi.org/10.1016/j.mayocp.2020.04.006.

Ye, Z.-W., Yuan, S., Yuen, K.-S., Fung, S.-Y., Chan, C.-P., Jin, D.-Y., 2020. Zoonotic
origins of human coronaviruses. Int. J. Biol. Sci. 16, 1686. https://doi.org/10.7150/
1JBS.45472.

Zhou, D., Ruiter, R., Zhang, J., Zhou, M., Liu, H., Liu, W., Wang, S., 2012. Angiotensin-
converting enzyme I/D polymorphism is not associated with type 2 diabetes in a
Chinese population. JRAAS - J. Renin-Angiotensin-Aldosterone Syst. 13, 372-378.
https://doi.org/10.1177/1470320311435535.

Zhu, X., Chen, Z., Shen, W., Huang, G., Sedivy, J.M., Wang, H., Ju, Z., 2021.
Inflammation, epigenetics, and metabolism converge to cell senescence and ageing:
the regulation and intervention. Signal Transduct. Target. Ther. 6, 1-29. https://doi.
org/10.1038/s41392-021-00646-9.


https://doi.org/10.1038/s41467-020-19057-5
https://doi.org/10.1016/j.exger.2021.111507
https://doi.org/10.1016/j.exger.2021.111507
https://doi.org/10.3390/jcm10061194
https://doi.org/10.3390/genes11091044
https://doi.org/10.3390/genes11091044
https://doi.org/10.1016/J.GENE.2020.145102
https://doi.org/10.1016/J.GENE.2020.145102
https://doi.org/10.1016/j.cca.2021.04.024
https://doi.org/10.1016/j.cca.2021.04.024
https://doi.org/10.1111/ijcp.13698
https://doi.org/10.1002/jmv.27160
https://doi.org/10.1001/jamanetworkopen.2020.29540
https://doi.org/10.1001/jamanetworkopen.2020.29540
https://doi.org/10.1177/1470320313502106
https://doi.org/10.1371/journal.pone.0252799
https://doi.org/10.1371/journal.pone.0252799
https://doi.org/10.1016/j.jinf.2020.03.005
https://doi.org/10.1016/j.jinf.2020.03.005
https://doi.org/10.1213/ANE.0000000000004845
https://doi.org/10.1097/fpc.0000000000000436
https://doi.org/10.1097/fpc.0000000000000436
https://doi.org/10.5603/AH.A2020.0011
https://doi.org/10.5603/AH.a2021.0018
https://doi.org/10.1136/postgradmedj-2020-138577
https://doi.org/10.1136/postgradmedj-2020-138577
https://doi.org/10.1016/j.biopha.2020.110499
https://doi.org/10.1016/j.eclinm.2020.100490
https://doi.org/10.1016/j.eclinm.2020.100490
https://doi.org/10.1002/mgg3.1672
https://doi.org/10.1002/mgg3.1672
https://doi.org/10.3390/vaccines9050436
https://doi.org/10.3390/vaccines9050436
https://doi.org/10.1007/s40121-020-00324-3
https://doi.org/10.1007/s40615-020-00853-0
https://doi.org/10.1007/s40615-020-00853-0
https://doi.org/10.1016/j.micpath.2020.104621
https://doi.org/10.1371/journal.pone.0238255
https://doi.org/10.1111/jch.14146
https://doi.org/10.1111/jch.14146
https://doi.org/10.1111/jch.14145
https://doi.org/10.1183/13993003.00360-2021
https://doi.org/10.1183/13993003.00360-2021
https://doi.org/10.1016/j.mehy.2020.110231
https://doi.org/10.1007/s15010-020-01509-1
https://doi.org/10.1007/s15010-020-01509-1
http://refhub.elsevier.com/S2214-5400(22)00005-6/rf0230
http://refhub.elsevier.com/S2214-5400(22)00005-6/rf0230
http://refhub.elsevier.com/S2214-5400(22)00005-6/rf0230
https://www.worldometers.info/coronavirus/?fbclid=IwAR35ZFiRZJ8tyBCwazX2N-k7yJjZOLDQiZSA_MsJAfdK74s8f2a_Dgx4iVk#countries
https://www.worldometers.info/coronavirus/?fbclid=IwAR35ZFiRZJ8tyBCwazX2N-k7yJjZOLDQiZSA_MsJAfdK74s8f2a_Dgx4iVk#countries
https://doi.org/10.1002/jcla.22033
https://doi.org/10.1016/j.mayocp.2020.04.006
https://doi.org/10.7150/IJBS.45472
https://doi.org/10.7150/IJBS.45472
https://doi.org/10.1177/1470320311435535
https://doi.org/10.1038/s41392-021-00646-9
https://doi.org/10.1038/s41392-021-00646-9

