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Background: Coronavirus disease 2019 (COVID-19), the infectious respiratory disease caused by a newly
discovered pathogen (severe acute respiratory syndrome coronavirus 2), is a pandemic that places a burden on
the health care system. Recently, most research on COVID-19 has emphasized its profound impact on specific
regions and ethnic groups. A possible explanation for these variations in disease presentation and severity might
be differences in the gene pool of populations. This study therefore attempted to clarify possible involvements of
genetic factors affecting COVID-19 pathogenesis with a focus on voltage-gated potassium channel-interacting
protein 4 (KCNIP4) and angiotensin-converting enzyme 1 (ACE1) gene polymorphisms.

Materials and methods: In this case-control study, the polymorphisms were genotyped using PCR in 194 COVID-19
patients and 194 healthy controls.

Results: COVID-19 susceptibility and severity appeared to be unaffected by these polymorphisms. However, this
study supported the relevance of ACE1 II genotype frequency to a decreased number of deaths due to the
infection. We found that COVID-19 patients with the ACE1 II genotype have a statistically significant better
chance of survival (p = 0.008).

Conclusion: This study strengthens the idea that the ACE1 I/D polymorphism can be a novel prognostic factor
indicating the outcome of COVID-19.

1. Introduction

Coronavirus disease 2019 (COVID-19) is a pandemic infectious
problem caused by an angiotensin I converting enzyme 2 (ACE2)-tropic
virus called severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. In the history of recent developments in disease patho-
physiology, COVID-19 was first regarded as a viral respiratory illness,
whereas evidence suggests that it is accompanied by extra-pulmonary
multi-organ failures [1]. One of the main features of this infection
faced by many patients is considerable variation in disease symptoms
and severity among countries, and ethnic groups [2-5]. Recently, a

substantial literature has grown up around the theme of identifying the
underlying mechanisms responsible for COVID-19 susceptibility and the
development of severe clinical outcomes [6-7]. Such studies have
heightened the need for considering various risk factors, for instance
demographic factors (e.g. old age and male gender), high population
density, and comorbidities (e.g. obesity, diabetes mellitus (DM), hy-
pertension (HTN), tumors, and immunodeficiency diseases) [8-10]. In
addition, researchers hypothesized that genetic vulnerabilities and
predisposition in patients with comorbidities and other subjects might
place them at increased risk of COVID-19 from the beginning [11]. In the
light of recent events, polymorphisms in the genes encoding the renin-
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angiotensin-aldosterone system (RAAS) members that represent com-
plex functions in COVID-19 pathogenesis, have become the center of
attention [3,12-13].

Viral adsorption to susceptible target cells defined as a prerequisite
for membrane fusion and host cell entry process, is predominantly
mediated by ACE2 interaction with the virus S protein in COVID-19
infection [14]. ACE2 is an integral part of the RAAS that catalyzes the
hydrolysis of angiotensin II (Ang II; a vasoconstrictor peptide) into the
vasodilator angiotensin 1-7 (Ang 1-7), thereby counteracting the effects
of ACE1 [15]. The multifunctional ACE1 enzyme is a homologue of
ACE2 that controls blood pressure by converting the hormone Ang I to
Ang II and consequently regulating the volume of body fluids [16].
Recent evidence suggests that ACE1/ACE2 imbalance has been sus-
pected to underlie the pathogenesis and development of COVID-19
[17-18]. The loss of ACE2 and increased plasma concentration of Ang
II (the product of ACE1 activity) have been found to heighten unopposed
effects in infected individuals, for instance endothelial injury, vaso-
constriction, and high blood pressure [17]. Furthermore, it has been
observed that there is a strong association between the level of Ang II
and lung injury in addition to the viral load as an indicator of disease
severity and mortality [19-20].

Among the best-studied ACE1 polymorphisms, increasing attention
has been paid to the rs1799752 that is defined by the presence (insertion
(I)) or absence (deletion (D)) of a 287-base pair Alu repeat element in
intron 16. Although DNA fragment insertion occurs in the intragenic
region, it can regulate gene expression through genetic and epigenetic
pathways [21]. In line with this, forty-seven percent of the total
phenotypic variation in serum ACEl enzyme has been shown to be
strongly related to this type of polymorphism in general population
[22]. Recently, in consideration of evidence indicating adverse effects of
comorbid conditions on COVID-19, research into the most common
diseases of civilization closely associated with this I/D ACE1l gene
polymorphism has also shed light on the possible influence of 151799752
and RAAS imbalance over the infection [17-18]. Furthermore, in light of
recent studies describing the ACE1 gene polymorphism associations
with adult respiratory distress syndrome (ARDS) and SARS, it is
becoming extremely difficult to ignore the importance of developing this
point about SARS-CoV-2 infection [23-25]. There is a relatively small
body of literature concerned with this issue, which also includes
inconsistent and contradictory findings [12,26-31]. Regarding COVID-
19 symptoms, different theories exist in the literature that could have
significant implications for understanding possible underlying genetic
factors modulating disease symptoms [13,23-24,32]. For example,
Mosley et al. [32] conducted a genome-wide association study identi-
fying association between an intronic polymorphism in voltage-gated
potassium (Kv) channel-interacting protein 4 (KCNIP4) gene located
on chromosome 4 (rs145489027 G > A) and ACE inhibitor-induced
cough [32]. In addition, previous research has established that
KCNIP4 single nucleotide polymorphisms (SNPs) are nominally associ-
ated with both asthma and airway hyperresponsiveness (AHR) in
humans [33]. KCNIP4 is a small calcium binding biomolecule that reg-
ulates neuronal excitability in response to intracellular calcium fluctu-
ations [32-33]. Currently, there are no data on the possible relationship
between this polymorphism and COVID-19. In this study, we aimed to
investigate whether these ACE1 and KCNIP4 polymorphisms are asso-
ciated with susceptibility and outcome in COVID-19.

2. Materials and methods
2.1. Study design

In this case-control study, one hundred and ninety-four patients with
newly diagnosed COVID-19 (positive qPCR tests for SARS-CoV-2 Alpha
and Delta variants) referred to Vali al- ‘Asr hospital of Birjand, South
Khorasan province, Iran were randomly recruited (mean age 58.84 yrs.,
range 2-94) from June 2021 to September 2021. The patients were
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divided into three groups based on their disease severity. Moderate cases
(n = 151) were defined as having a persistent fever or the diagnosis of
pneumonia on chest CT scan images [7]. COVID-19 was regarded as
severe in subjects (n = 43) who suffered from one of the following
conditions: respiratory rate (RR) > 30 breaths per minute, respiratory
distress, Horovitz index < 300 mmHg, and oxygen saturation < 93% [7].
The disease was also classified as critical in patients developing life-
threatening symptoms (e.g. respiratory failure, multi-organ dysfunc-
tion, and shock) and requiring noninvasive or invasive mechanical
ventilation [7]. To identify detailed research data, the patients con-
sented to participate in the study after being informed, were asked to fill
in a questionnaire about their age, body mass index (BMI), and the
recent history of addiction, particularly to smoking. Besides, the pres-
ence of comorbidities (including: coronary artery disease (CAD), DM,
HTN, and chronic obstructive pulmonary disease (COPD)), patients’
medical treatments and other clinical data were obtained from their
hospital records. An age-matched control group of 194 subjects without
any history of COVID-19 was also drawn from a pool of individuals who
had negative results of SARS-CoV-2 qPCR test. Unwilling subjects to
cooperate in this research and patients who suffered from other infec-
tious and immune-related disorders, were excluded from our study.
Some patients whose complaint was not confirmed by qPCR, were not
also included in the investigation. In addition, the primary exclusion
criteria for the selection of COVID-19 cases and their hospital admission
were mild clinical symptoms and no abnormal radiological findings.
Before undertaking the investigation, ethical clearance was sought from
the Research Council of Birjand University of Medical Sciences, Birjand,
Iran (Ethical code: IR.BUMS.REC.1399.061).

2.2. Genotyping

In order to extract genomic DNA, 2.5 ml blood samples were ob-
tained and collected in EDTA tubes. After collection, the peripheral
blood specimens were immediately stored at —20 °C. Following this
step, leukocytes’ DNA was extracted using a manual salting-out method.
The quantity and quality of isolated DNA were consequently checked by
the spectrophotometer. After testing DNA samples, PCR and tetra-
primer amplification refractory mutation system-PCR (T-ARMS-PCR)
methods followed by agarose gel electrophoresis were performed to
identify ACE1 (rs1799752) and KCNIP4 (rs145489027) polymorphisms
respectively. The sequences of oligonucleotide primers designed by
using Primer3 software were as follows: the ACEl rs1799752, 5'-
CTGGAGACCACTCCCATCCTTTCT-3' and  5-GATGTGGCCATCA-
CATTCGTCAGAT-3'; the KCNIP4 rs145489027, forward inner primer (A
allele): 5'-GGTGTTTGGTTTTTGTCCTGTCA-3', reverse inner primer (G
allele): 5'-GAAACCATCATTCTCAGCAAACTCTC-3/, forward outer
primer: 5-CAGTGTGTGATGTTCCTCTTCCTGT-3', reverse outer primer:
5'- TGTGGCACTATTCGCAATAGAAAAG-3'.

2.3. Statistical analysis

All analyses were conducted using SPSS software (version 22, SPSS
Inc., Chicago, IL, USA). Groups differences were compared using the
student t-test or Mann-Whitney U test for continuous variables
depending on their distribution. Furthermore, One-Way -
ANOVA and Kruskal-Wallis H tests were used to compare parametric
and non-parametric continuous variables between several independent
groups (more than two). The Chi-square test and Fisher’s exact test were
also carried out to provide comparisons of allele and genotype fre-
quencies between groups. Furthermore, the oddsratio (OR) at 95%
confidence interval (CI) quantifying the strength of associations was
calculated by the logistic regression model. Associations between
COVID-19 mortality (the survivors and non-survivors) and genotype
variants were evaluated in dominant, recessive, and codominant models
(significance level: 1.7%). The accordance of genotype frequencies dis-
tribution with Hardy-Weinberg equilibrium (HWE) among participants
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was analyzed using the y2 test. All significance levels in the study were
also set at the 5% level. In addition, continuous data were reported as
the mean =+ standard deviation (SD).

3. Results

The results obtained from the preliminary analysis of demographic
data are summarized in Table 1. A total of 194 COVID-19 subjects whose
median age was 60.5 years [IQR: 29] were included in this study. As can
be seen from the Table 1, the majority of the patients were male (57.2%)
with an age range of 15-94 years at the beginning of the investigation.
The second set of analyses was also conducted to examine the impacts of
general characteristics on disease severity (Table 2). From the data in
Table 2 we can see that the median age of critical cases is significantly
higher than that of moderate participants (Mann-Whitney U test p value
= 0.001, significance level: 1.7%). In addition, further analysis of the
data obtained from Table 2 revealed that the percentage of COPD is
significantly higher in severe to critical patients compared to the mod-
erate ones (23.3% vs. 6%; p = 0.002). Critical cases also showed even a
higher percentage of COPD in comparison with the other patients
(moderate to severe ones) (27.3% vs. 7.6%; p = 0.011). The next set o-
f analyses provided comparison of comorbidities between another two
subgroups of COVID-19 participants (ICU-admitted and infectious dis-
ease ward-admitted patients) and revealed no significant differences
except for a higher percentage of COPD in ICU-admitted patients (24.4%
vs. 5.9%; p = 0.001). Before proceeding to examine the genetic poly-
morphisms, we found it necessary to consider influencing factors in
disease mortality. The results revealed that 10.31% (200utof194) of
patients died from COVID-19, which the majority of them were female
(55%). Further analysis also indicated that there is a significant differ-
ence in the median age between the non-survivors (73 yrs.; IQR: 29) and
survivors (59 yrs.; IQR: 29) (p = 0.003). Furthermore, it has been found
that the mean BMI of the non-survivors (23.47 + 4.49 kg/ m2) was
significantly lower than that of patients who survived (26.69 + 5.28 kg/
m2) (p = 0.01). The comparison of clinical and laboratory data between
these subgroups did not also demonstrate statistically significant dif-
ferences except for a higher prevalence of COPD (25% vs. 8%; p = 0.031)
and an increase in plasma prothrombin time (PT) within the non-
survivors (13 s [IQR: 2.35] vs. 12.3 s [IQR: 1.5]; p = 0.005).

The following part of analyzes moves on to examine associations
between the mentioned polymorphisms and SARS-CoV-2 infection. The
results showed that both polymorphisms’ genotype and allele

Table 1
Demographic data of COVID-19 cases and control group.
Characteristics COVID-19 cases (n Control group(n= p
=194) 194)

Age (years), median 60.5 [29] 64 [27] 0.58
[IQR]

Sex, n (%)
M/F 111 (57.2)/83 (42.8) 97 (50)/97 (50) 0.154

BMI (kg/ m2), mean + 26.36 + 5.28 26.34 £ 5.31 0.962
SD

BMI classification, n 0.999
(%) 17 (8.8) 17 (8.8)
Underweight 68 (35.1) 69 (35.6)
Normal 55 (28.4) 54 (27.8)
Overweight 47 (24.2) 46 (23.7)
Obese 7 (3.6) 8(4.1)
Extremely obese

Smoking habit, n (%) 0.586
Yes 8(4.1) 6(3.1)
No 186 (95.9) 188 (96.9)

Diabetes*, n (%) 0.001
Yes 17 (8.8) 3(1.5)
No 177 (91.2) 191 (98.5)

IQR, Interquartile Range; SD, Standard Deviation; M, male; F, female; BMI, Body Mass
Index.
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distribution do not have any significant associations with COVID-19
susceptibility (Tables 2 and 3). Similarly, as shown in Table 2, statisti-
cal tests indicated no significant differences in genotype and allele fre-
quencies of rs1799752 and rs145489027 polymorphisms between the
three groups classified depending on their disease severity. Despite that,
unexpectedly, the most striking result to emerge from the data is that the
ACEL1 gene polymorphism genotypes were significantly associated with
mortality in the COVID-19 group (p = 0.04) (Table 3). The results
indicated that II genotype appeared to have protective effects against
COVID-19 mortality in the patients (for cohort group = the survivors:
value = 1.153, confidence interval = 1.083-1.227; p = 0.008). In
addition, ACE1 alleles tended to be distinctively distributed between
these two subgroups despite the fact that it was not statistically signif-
icant (p value = 0.054). It was also indicated that the distribution of
genotype and allele frequencies of KCNIP4 gene polymorphism was
similar in all subgroups classified according to COVID-19 mortality
(Table 3). The distribution of ACE1 genotypes in cases and controls was
in HWE (p = 0.924), whereas we concluded that, for unknown reasons,
the KCNIP4 genotype frequencies in this population represent a depar-
ture from HWE. In line with this finding, an excess of heterozygote
carriers (AG genotype) was observed. The final section of analyses was
concerned about possible associations of the polymorphisms with the
COVID-19 relevant risk factors, even though no significant correlations
were found in this respect.

4. Discussion

This study genotyped ACE1 and KCNIP4 gene polymorphisms to
clarify their associations with COVID-19 susceptibility and outcome.
The research has shown there is no evidence that these polymorphisms
have influences on COVID-19 susceptibility and severity. However, one
of the more significant findings from this study is that ACE1 II genotype
frequency is negatively correlated with the number of deaths from
COVID-19. Based on these results, it seems that the ACE1 gene poly-
morphism can be a significant prognostic factor for the outcome of
COVID-19.

Genetic predisposition, demographic factors and comorbidities
appear to be closely linked to COVID-19 pathogenesis, prognosis, and
mortality [17]. Individual genetic profiles could disclose information on
how to control virus spreading and reduce disease complications [34]. In
line with this, epidemiological studies have recently considered the
pathogenicity of SARS-CoV-2 in various geographic areas with genetic
diversity [3,34]. The findings that the most severe cases infected with
this ACE2-tropic virus are more likely to have a history of comorbidities
(e.g., HTN, cardiovascular disease, and DM) and receive ACE1 inhibitor
treatment shed new light on the issue that RAAS-unbalancing might
have crucial roles in the disease pathogenesis [17,35]. Accordingly,
previous research published genetic hypotheses on the involvements of
RAAS pathway genes (i.e. ACE1 polymorphisms etc.) in COVID-19 to
improve its treatment outcome and find clinical predictive factors of
development [17]. So far, compared with other gene polymorphisms,
ACE1 I/D polymorphism (rs1799752) has been identified as being
potentially important in COVID-19 on account of its associations with
ACE1l serum variations, SARS, ARDS, and different comorbidities
[17-18,22-25]. Whilst some research has been carried out, there is still
very little scientific understanding of that in various regions, which also
includes inconsistent and contradictory findings [12,26-31]. Despite
these studies, there remains a paucity of evidence on some gene poly-
morphisms in relation to cough, asthma, and airway hyper-
responsiveness, for instance KCNIP4 ones in COVID-19 [32-33].
Therefore, this investigation seeks to obtain data which will help to
address these research gaps.

Recently, researchers have shown an increased interest in the study
of ACE1 polymorphism in ARDS and SARS patients [23,25,36]. In this
context, the results of our research reflect those of Jerng et al. [25] who
found no statistically significant differences in the frequencies of ACE1
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Table 2
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Clinical and general laboratory data of COVID-19 patients and study subgroups divided according to the disease severity in addition to the allelic and genotypic

distribution of ACE1 and KCNIP4 genes.

Parameter COVID-19 cases (n = 194) Moderate cases (n = 151) Severe cases (n = 21) Critical cases (n = 22) p'
Age*(yrs.), median [IQR] 60.5 [29] 58 [25] 70 [45] 73 [29] 0.0022
Sex, n (%) 0.272
M/F 111 (57.2)/ 83 (42.8) 91 (60.3)/ 60 (39.7) 10 (47.6)/ 11 (52.4) 10 (45.5)/ 12 (54.5)

BMI* (kg/ mz), mean + SD 26.36 + 5.28 26.55 + 5.25 27.87 £ 5.4 23.64 + 4.66 0.02%
BMI classification*, n (%) 0.008
Underweight 17 (8.8) 10 (6.6) 2(9.5) 5(22.7)

Normal 68 (35.1) 56 (37.1) 2(9.5) 10 (45.5)

Overweight 55 (28.4) 40 (26.5) 11 (52.4) 4(18.2)

Obese 47 (24.2) 40 (26.5) 4(19) 3(13.6)

Extremely obese 7 (3.6) 5(3.3) 2(9.5) 0 (0)

Shortness of breath, n (%) 89 (45.9) 69 (45.7) 9 (42.9) 11 (50) 0.891
Smoking habit, n (%) 8 (4.1) 8 (5.3) 0 (0) 0(0) 0.532
Hypertension, n (%) 51 (26.3) 42 (27.8) 5 (23.8) 4 (18.2) 0.608
Diabetes, n (%) 17 (8.8) 14 (9.3) 1(4.8) 209.1) 0.909
CAD, n (%) 8 (4.1) 6 (4) 0 (0) 2(9.1) 0.402
COPD*, n (%) 19 (9.8) 9 (6) 4(19) 6 (27.3) 0.003
Laboratory tests

PT*, median [IQR] 12.3 [1.6] 12.3 [1.5] 12.7 [1.6] 13.25 [2.28] 0.003*
PTT, median [IQR] 37.25 [9.7] 37 [9] 39 [11.5] 37.5 [14] 0.387
CRP, median [IQR] 43 [35] 43 [371 52 [24] 38.5 [24] 0.19
ESR, median [IQR] 26 [25] 26 [23] 31 [36] 28.5 [31] 0.695
151799752, n (%) 0.562
DD 65 (34) 51 (33.8) 6 (28.6) 8(36.4)

I 43 (22) 35(23.2) 6 (28.6) 2(9.1)

ID 86 (44) 65 (43) 9 (42.9) 12 (54.5)

Allele, n (%) 0.428
D 216 (55.7) 167 (55.3) 21 (50) 28 (63.6)

I 172 (44.3) 135 (44.7) 21 (50) 16 (36.4)

15145489027, n (%) 0.843
GG 20 (10) 15 (9.9) 2(9.5) 3(13.6)

AG 174 (90) 136 (90.1) 19 (90.5) 19 (86.4)

AA 0(0) 0 (0) 0 (0) 0(0)

Allele, n (%) 0.972
G 214 (55.2) 166 (55) 23 (54.8) 25 (56.8)

A 174 (44.8) 136 (45) 19 (45.2) 19 (43.2)

1. The p values represent the statistical significance between moderate, severe, and critical cases.

2. The Mann-Whitney U test revealed that the median age of critical cases is significantly higher than that of moderate patients (p = 0.001; significance level: 1.7%).
3. The Scheffé post Hoc test indicated that there is a significant difference in the mean BMI between the severe and critical cases (p = 0.031).

4. The results of Mann-Whitney U test showed a statistically significant difference in PT between the moderate and critical patients (p = 0.001; significance level:

1.7%).

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.

genotypes between ARDS patients and control groups [25]. In line with
this, comparison of the findings with those of other studies also confirms
consistency with data obtained on SARS cases [23,36]. This also accords
with earlier observations, which showed similar ACE1 alleles distribu-
tion between COVID-19 cases and controls, even though the previous
study’s findings did not support the same distribution of ACE1 geno-
types [37]. It has been suggested by Akbari et al. that ACE1 rs1799752
genotypes might affect the risk of SARS-CoV-2 infection [37]. Likewise,
previous research evaluating the influence of ACE1 I/D polymorphism
over COVID-19 susceptibility also observed inconsistent results
[12,26,37,28-31]. Several possible explanations for this might be that
these studies have a small sample size, an ecological design or use sta-
tistical models not including confounding factors, such as an adequate
number of laboratory diagnostic tests [29-31]. Regarding disease
severity, the insights gained from other studies differ from the findings
presented here [26,28]. This discrepancy could be attributed to different
geographical regions, covariant effects, and sample selection bias.
Concerning the research questions, the results corroborate the ideas of
researchers (2006), who suggested that ARDS patients with II genotype
have a statistically significant better chance of survival [25]. In the same
vein, other researchers who undertook ecological studies into COVID-19
also confirm our finding [27,38]. The contributions of this previous
research have been to illustrate that ACE1 II genotype may serve as a
predictive marker of COVID-19 severity [27,38]. However, in the
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literature on this issue, the influence of ACE1 gene polymorphism is
debated [12,29,31]. As was pointed out in the introduction to this paper,
in reviewing the literature, no data was found on the association be-
tween KCNIP4 gene polymorphism and COVID-19. This study lays the
groundwork for future research into this issue.

Furthermore, our study found that the median age of critical patients
is significantly higher than that of moderate cases. Further analysis also
showed the same result between the non-survivors and survivors (73
years vs. 59). These results are likely to be related to the associations of
comorbid conditions with advanced age. The comparison of comorbid-
ities between the subgroups also demonstrated a higher prevalence of
COPD in the non-survivors as well as severe to critical cases, which their
combination provides some support for the crucial roles of inflammation
and lung conditions in the outcome of COVID-19.

In conclusion, this study enhanced our understanding of genetic
factors and their relevance to SARS-CoV-2 infection. Taken together, the
findings suggest a prognostic value for ACE1 gene I/D polymorphism in
COVID-19 among Iranian population. More broadly, to develop a full
picture of this topic in other regions, future studies are recommended.
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Table 3

The allelic and genotypic distribution of ACE1 and KCNIP4 genes in control
group and COVID-19 patients divided according to the disease mortality in
addition to their medical treatments.

Parameter Controls COVID-19 cases (n = 194) p1
Non-survivors Survivors (n
(n = 20) =174)
rs1799752%, n (%) 0.04
DD 52(26.8)  8(40) 57 (32.8)
D 101 12 (60) 74 (42.5)
(52.1)
i 41(21.1) 0(0) 43 (24.7)
Allele frequency, n 0.054
(%)
D 205 (53) 28 (70) 188 (54)
I 183 (47) 12 (30) 160 (46)
15145489027, n (%) 0.44
GG 24 (12.4) 3(15) 17 (9.8)
AG 170 17 (85) 157 (90.2)
(87.6)
AA 0 (0) 0 (0) 0(0)
Allele frequency, n 0.753
(%)
G 218 (56) 23 (57.5) 191 (55)
A 170 (44) 17 (42.5) 157 (45)
Medical 0.0001
treatments®, n(%)
Anti- - 0 (0) 18 (10.3)
malarial drugs®
Antiviral drugs® - 0 (0) 115 (66.1)
Interferon-beta - 0(0) 17 (9.8)
Corticosteroids* - 11 (55) 21 (12.1)
Combination drug - 9 (45) 3 1.7)
therapy

1. The p values represent the statistical significance between the survivors and
non-survivors.

2. E.g., hydroxychloroquine.

3. E.g., remdesivir.

4. E.g., dexamethasone.
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