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Abstract: COVID-19 is a systemic disease caused by the etiologic agent SARS-CoV-2, first reported
in Hubei Province in Wuhan, China, in late 2019. The SARS-CoV-2 virus has evolved over time
with distinct transmissibility subvariants from ancestral lineages. The clinical manifestations of the
disease vary according to their severity and can range from asymptomatic to severe. Due to the
rapid evolution to a pandemic, epidemiological studies have become essential to understand and
effectively combat COVID-19, as the incidence and mortality of this disease vary between territories
and populations. This study correlated epidemiological data on the incidence and mortality of
COVID-19 with frequencies of important SNPs in GWAS studies associated with the susceptibility
and mortality of this disease in different populations. Our results indicated significant correlations for
11 genetic variants (rs117169628, rs2547438, rs2271616, rs12610495, rs12046291, rs35705950, rs2176724,
rs10774671, rs1073165, rs4804803 and rs7528026). Of these 11 variants, 7 (rs12046291, rs117169628,
151073165, rs2547438, rs2271616, rs12610495 and rs35705950) were positively correlated with the
incidence rate, these variants were more frequent in EUR populations, suggesting that this population
is more susceptible to COVID-19. The rs2176724 variant was inversely related to incidence rates;
therefore, the higher the frequency of the allele is, the lower the incidence rate. This variant was more
frequent in the AFR population, which suggests a protective factor against SARS-CoV-2 infection in
this population. The variants rs10774671, rs4804803, and rs7528026 showed a significant relationship
with mortality rates. SNPs rs10774671 and rs4804803 were inversely related to mortality rates and are
more frequently present in the AFR population. The rs7528026 variant, which is more frequent in the
AMR population, was positively related to mortality rates. The study has the potential to identify and
correlate the genetic profile with epidemiological data, identify populations that are more susceptible
to severe forms of COVID-19, and relate them to incidence and mortality.

Keywords: SARS-CoV-2; genetic risk variant; susceptibility; mortality; epidemiology

1. Introduction

COVID-19 is a severe acute respiratory infection with systemic manifestation that
was first reported in early December 2019 in Wuhan, Hubei Province, China [1].
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SARS-CoV-2 is a virus of the genus Betacoronavirus that has similarities to SARS-CoV
in tissue tropism, genome structure, and viral pathogenesis. SARS-CoV-2 is a shrouded,
positive-sense single-stranded RNA virus. The genomic sequence of SARS-CoV-2 shares
about 80% of the sequence identity with SARS-CoV and about 50% with MERS-CoV. How-
ever, despite the similarities with SARS-CoV and MERS-CoV, SARS-CoV-2 has been shown
to be more transmissible and the diversity of immune responses of its hosts is still poorly
understood [2].

The pandemic caused by SARS-CoV-2 infection has caused severe disruption to health
systems and global economies, with significant variations in incidence and mortality rates.
Critical COVID-19 develops in less than 10% of individuals infected with SARS-CoV-2;
however, studies point to a high genetic risk (greater than 10%) in individuals who may
or may not have clinical risk factors [3]. The global public health response to SARS-CoV-2
includes different degrees of interventions, according to the containment policies adopted
and socioeconomic conditions [4].

The SARS-CoV-2 virus has evolved over time with subvariants of transmissibility
distinct from ancestral lineages, predominant in successive epidemic waves. The clinical
manifestations of the disease vary according to their severity and can range from asymp-
tomatic to severe [5-7]. At the beginning of the pandemic, advanced age and comorbidities
were consolidated as important risk factors [8]. However, in isolation, these factors cannot
explain the clinical variability of the disease observed among individuals. Studies in ge-
nomics can potentially explain the greater predisposition to severe forms of COVID-19 and
thus contribute to the discovery of related pathways and their probable therapeutic use [9].

As of 1 September 2023, a total of 539,873,221 cases of COVID-19 have been confirmed
for the populations analyzed in this study: Europe (EUR), Africa (AFR), East Asia (EAS),
South Asia (SAS), and the Americas (AMR). Data obtained by the World Health Organiza-
tion (WHO) indicate that the population with the highest incidence of the disease is EUR
(51.10%), followed by the AMR population (37.78%). On the other hand, the population
of African origin had the lowest incidence rate (1.76%). Of the total number of cases reg-
istered, 6,814,976 individuals died, of which the highest mortality rate was observed in
individuals from the American population (47%) and the lowest rate was observed in the
AFR population of origin (2.83%) [10].

In this context, epidemiological studies that correlate genetic variants and global
epidemiology are extremely important, as they help in the identification of genes and
pathways related to mortality and COVID-19 susceptibility, establishing the possible re-
lationship of genetic variants with epidemiological rates. Therefore, our study aims to
correlate epidemiological data on COVID-19 incidence and mortality worldwide with the
frequency of important variants related to disease susceptibility and mortality.

2. Materials and Methods
2.1. Determination of SNPs

For the SNPs associated with COVID-19 selection that were evaluated in the study,
articles with variants associated with susceptibility and COVID-19 mortality were selected.
For this, articles in English were selected from the Medline/PubMed databases, according
to the keywords COVID-19, SARS-CoV-2, GWAS, risk and susceptibility. Inclusion criteria
were based on the selection of studies of genomic variants associated with susceptibility
and severity to COVID-19 in the period 2019 to 2023.

A total of 100 articles were found, of which, those that did not contain variants
associated with susceptibility or more severe forms of COVID-19 were excluded, leaving
only 25 articles (Supplementary Tables). After reading the studies, we selected 96 variants
related to susceptibility or severity to COVID-19 that had their frequency described in the
1000 Genomes database (Figure 1).
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Figure 1. SNPs selected flowchart.

2.2. Epidemiological and Genetic Data

The incidence and mortality rates of COVID-19 for the population were obtained from
the World Health Organization platform for Coronavirus (COVID-19), available on the
WHO Coronavirus (COVID-19) Dashboard | WHO Coronavirus (COVID-19) Dashboard
with Vaccination Data [10].

In the 1000 Genomes Project, the allele frequencies of genetic variants in the following
continental populations were evaluated: Europe (EUR), Africa (AFR), East Asia (EAS),
South Asia (SAS) and Americas (AMR).

We compared WHO populations with continental populations available in phase 3 of
the 1000 Genomes URL www.1000genomes.org database (accessed on 20 August 2023) [11].
According to the Consortium of the 1000 Genomes Project, populations are grouped by the
predominant component of ancestry, so our study correlated the epidemiological and ge-
netic data of the populations of EUR, AFR, EAS, SAS, and AMR. For the statistical analyses,
the East and South Asian populations were grouped due to their genetic similarities.

2.3. Statistical Analysis

The incidence and severity of COVID-19, as well as the frequencies of variant alleles,
were assessed using Pearson’s correlation test. The data were evaluated with the groups
described above (AFR, AMR, EUR, EAS, and SAS), using the “color.test” function of the
“stats” package of the R program. After this procedure, r, r2 and p-values were obtained.
All graphs were created using the “ggplot2” graphics package. Results lower than p < 0.05
were considered statistically significant.

3. Results

A total of 539,873,221 cases of COVID-19 were confirmed worldwide as of 1 September
2023 for the populations analyzed in this study. Of these, 51.10% of the cases were in
EUR, 37.78% in AMR, 11.33% in SAS and EAS and 1.76% in AFR. Of the total cases,
6,814,976 individuals died, 47% in AMR, 36% in EUR, 13% in SAS and EAS, and 2.83% in
Africa. Figure 2 shows the incidence and mortality rates from COVID-19 in 2023. The EUR
population had the highest incidence rates; however, the AMR population stood out with
the highest number of deaths [10].
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Figure 2. COVID-19 incidence and mortality in 2023 from World Health Organization registries, in
continental populations EUR, AFR, EAS, SAS, and AMR. AFR: African population; AMR: American
population; EUR: European population; SAS: South Asian population; EAS: East Asian population.

A total of 96 variants (Supplementary Tables) associated with susceptibility and
severity to COVID-19 were selected as described in Figure 1. Among these 96 analyzed vari-
ants, 11 (rs117169628, rs2547438, rs2271616, rs12610495, rs12046291, rs35705950, rs2176724,
rs10774671, rs1073165, rs4804803 and rs7528026) were significant in Pearson’s correlation
analysis and for epidemiological data (Table 1). Of these variants, two (rs1073165 and
rs2176724) are in intergenic regions, these regions, despite not being encoded by proteins,
regulate the expression of nearby genes (Intergenic Regions (genome.gov/, accessed on 1
November 2023)) [12].

Of these 11, 7 (rs12046291, rs117169628, rs1073165, rs2547438, rs2271616, rs12610495
and rs35705950) were positively correlated with the incidence rate (Figure 3). The estimated
data denote that the higher the frequency of the variant allele of these variants, the higher
the numbers of new cases estimated in the world’s populations. We observed that all
variants had a higher frequency in the population of European origin (EUR) and lower
frequency in Africans. This analysis is confirmed by numerical data on global epidemiology
(WHO data). According to our analyses, the European population is more susceptible to
COVID-19 infection.

In contrast, one variant (rs2176724) was inversely correlated with incidence rates, so
the higher the frequency of the variant allele, the lower the incidence rate (Figure 4). The
variant was more frequent in the African population (AFR). In the global numerical data,
the African population had the lowest incidence rates for COVID-19 when compared to
other populations (Figure 2). In view of this, it is possible to suggest the protective factor of
these variants against SARS-CoV-2 infection in African ancestry.
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Table 1. Description of variants that have been significantly correlated with COVID-19 incidence
and/or mortality in continental (African (AFR), American (AMR), European (EUR), and East Asian
(EAS) + South Asian (SAS)) populations described in the 1000 Genomes database and p-values.

SNP ID/ Most Severe L. Frequences
Clinical Impact  p Val
Gene Association Consequence Alleles  Ancestral inical Impac p Value AFR AMR EUR SAS + EAS
C3 rIfiiZﬁ:i/ Intron Variant T/C/G G Benign 0.0436 0.042 0.205 0.257 0.166
sceazo 27O/ 5 TR Variant G/T G Benign 00497 0011 0108  0.135 0.09
DPP9 1512610495/ p 1 on Variant  A/G/T A NotReportedin 5,00 (108 0203 0204 0.157
Incidence ClinVar
Mucsp 835705950/ None G/A/T G Benignirisk 0051 0003 0056 0107 0.0425
Incidence factor
o 152176724/ Intergenic G/A G NotReportedin 49, 0411 0102 011 0.046
Incidence Variant ClinVar
0AS1 rﬁﬂ:ﬁ;}/ Sphcveaﬁ;;iptor G/A/C G Benign 00105 064 0274 0352 0272
CD209 rs4804803/ 2 KB Upstream - G protective;risk 040 oa5 0157 0216 0.129
Mortality Variant factor
JAK1 rs12046291/° 1 on Variant A/G A NotReportedin 0> 126 0451 0710 0.379
Incidence ClinVar
SLC22A31 rsllri?i}fegr?czeS/ hf;;slz?‘ste G/A G Benign 0042 0006 0115 0.161 0.057
o rs1073165/ Intergenic A/G A NotReportedin 519 0503 0376 0403 0.2165
Incidence Variant ClinVar
TRIM46 57928026/ i onVariant  G/A G NotReportedin 509 0003 0030  0.020 0.009
Mortality ClinVar
- *: No annotation.
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Figure 3. SNPs positively associated with COVID-19 incidence in different populations. (a) SNP
rs12046291. (b) SNP rs117169628. (c) SNP rs1073165. (d) SNP rs2547438. (e) SNP rs2271616. (f) SNP
rs12610495. (g) SNP rs35705950. AFR: African population; AMR: American population; EUR:
European population; SAS: South Asian population; EAS: East Asian population.
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Figure 4. SNP inversely associated with COVID-19 incidence in different populations. AFR: African
population; AMR: American population; EUR: European population; SAS: South Asian population;
EAS: East Asian population.

Figure 5 shows the two variants (rs10774671 and rs4804803) that showed a statistically
significant correlation with the mortality rate. Both were inversely correlated with mortality
rates, so that the higher the frequency of the variant allele, the lower the mortality rate. The
two variants are more frequent in the African population and may be a protective factor
against the disease caused by SARS-CoV-2 infection. This fact is confirmed by the graph in
Figure 2, which shows the lowest mortality rates in the African population.
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Figure 5. SNPs inversely associated with COVID-19 mortality rates in different populations.
(a) SNP rs4804803. (b) SNP rs10774671. AFR: African population; AMR: American population;
EUR: European population; SAS: South Asian population; EAS: East Asian population.

rs7528026 was positively correlated with mortality rates (Figure 6), i.e., the higher the
frequency of the variant allele, the higher the number of deaths. The highest mortality rates
were in the American population, and this analysis is justified by the world’s epidemiology.

0.03 1
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o
o
o
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® AMR
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1s7528026

=}
o

®

OOD‘

OI1 0'2 0.3 0'4

Mortality
Figure 6. SNPs positively associated with COVID-19 mortality in different populations. AFR: African
population; AMR: American population; EUR: European population; SAS: South Asian population;
EAS: East Asian population.

4. Discussion

COVID-19 incidence and mortality rates vary significantly by ethnicity, showing a wide
fluctuation in epidemiological rates (WHO data). Our results demonstrated that the most
genetically important variants related to the incidence of COVID-19 are positively correlated
with populations of European origin, this has been demonstrated in epidemiological data
from the World Health Organization. Regarding mortality, global epidemiological data
show that Latino populations have higher mortality rates for COVID-19. Three variants
(rs10774671, rs4804803, and rs7528026) were important to relate genetic influence to the
estimated data for the AMR population, two (rs10774671 and rs4804803) were inversely
related to mortality, and one (rs7528026) was positively related.

This study correlated epidemiological data on COVID-19 incidence and mortality
with frequencies of important SNPs in GWA studies associated with the susceptibility and
mortality of this disease in different populations. Our results indicated significant correla-
tions for 11 genetic variants (rs117169628, rs2547438, rs2271616, rs12610495, rs12046291,
rs35705950, rs2176724, rs10774671, rs1073165, rs4804803 and rs7528026), 2 of them in inter-
genic regions and 9 in 9 genes (C3, SLC6A20, DPP9, MUC5B, OAS1, CD209, JAK1, SLC22A31
and TRIM46) with the incidence and mortality rates of the disease. Our results show that
variants related to high incidence are more frequent in the European population and less
frequent in the African population.
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Of the variants studied, two (rs1073165 and rs2176724) are in intergenic regions. The
rs1073165 SNP was associated with the incidence of COVID-19 and the rs2176724 variant
was shown to be an important protective factor against infection (incidence), being inversely
related to the incidence of the disease, we observed a higher frequency of this variant in
the African population. This analysis is confirmed with data from World Epidemiology.
In addition, we identified important localized variants in genes responsible for regulating
the immune system, such as JAK1, DPP9, MUC5B, CD209, OAS1, and TRIM46. In our
results, the JAK1, DPP9, and MUCSB genes had their variants (rs12046291, rs12610495, and
rs3570595) correlated with the risk of developing the disease/incidence and the CD209,
OAS1, and TRIM46 genes had their variants (rs4804803, rs10774671 and rs7528026) associ-
ated with mortality.

The JAKI gene is a gene that encodes a protein that is inhibited by baricitinib and
other inhibitors of JAK—the intracellular signaling kinase [13]. The literature has revealed
a significant positive association between gene expression and disease severity [7,9,14-16].
In our study, we found a positive correlation in the rs12046291 variant present in this gene
with COVID-19 incidence rates, this variant was more frequent in the European population.
In addition, the rs12046291 variant had significant associations with critical COVID-19
in GWAs studies [13]. This suggests that inhibiting the signaling of this gene may be an
effective therapy for severe COVID-19.

DPP9 belongs to the serine protease family S9B/DPPIV and is responsible for regu-
lating the inflammatory response. A recent study demonstrated that patients with severe
stage COVID-19 expressed higher levels of DPP9 compared to healthy control cases [8]. In
our analyses, the variant (rs12610495) located in this gene was associated with COVID-19
incidence, this SNP was found more frequently in the EUR population, which reinforces
that this population is more susceptible to SARS-CoV-2 infection.

Mucins belong to the first defense against pathogens in the airways and are essential
for mucociliary correction; high expression of MUC5B may be related to worse prognosis of
SARS-CoV-2 infection [8,14,17]. The rs35705950 SNP present in this gene is described as an
important variant associated with hospitalization and idiopathic pulmonary fibrosis [14]. In
our results, the rs35705950 variant was more frequently present in the European population
and was positively related to COVID-19 incidence rates.

SLC620 is a sodium transporter that can functionally interact with angiotensin-
converting enzyme 2, the cell surface receptor of SARS-CoV-2 [18,19]. The rs2271616
found in our study suggests the potential involvement of this variant in the gene SLC6A20’s
susceptibility to COVID-19, which is represented by the incidence of this disease. The same
observation was made in the rs11719628 variant found in the SLC22A31 gene, this gene
is part of the transmembrane transporter family and the variant described in this gene
(rs11719628) was associated with severity to COVID-19 in genomic sequencing studies
conducted on COVID-19 patients [7,20,21].

In our study, we identified genetic variants associated with mortality and located
in genes that are fundamental for the regulation of immune responses, an example is
rs10774671 present in the gene Oligoadenilato Sintetase 1 (OASI). The genetic variants
present in this gene have been strongly related to susceptibility to viral infections such as
SARS-CoV-2 [20,22,23]. In our study, the mutant variant present in this gene (rs10774671)
was inversely associated with COVID-19 mortality, which suggests that this variant is a
protective factor against COVID-19, this SNP was more frequent in the AFR population.

CD209 is described as an important encoder of C-type lectin, which is also related
to the recognition of several viral pathogens including the SARS virus [9,24,25]. In our
findings, rs4804803 demonstrated an inverse relationship with mortality rates from the
disease, which is mainly present in the African population, suggesting a protective factor
against SARS-CoV-2 infection in this population. This fact reinforces what we observed in
the epidemiological data of the WHO (Figure 2), where it is possible to observe that the
AFR population had lower mortality rates from the disease.
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The rs7528026 located in the TRIM46 gene was positively associated with mortality,
this variant was more frequent in the AMR population. This gene is an important signaler of
interferon gamma pathways and cytokine signaling in the immune system, and is associated
with inflammatory bowel disease, lung cancer chemoresistance, and susceptibility to severe
influenza virus infections [26-28]. In addition, the rs7528026 variant was significantly
associated with critical forms of COVID-19 in GWAs studies [13].

COVID-19 incidence and mortality rates vary significantly by ethnicity, showing a
wide fluctuation in epidemiological rates (WHO data). This study had limitations in relation
to information on certain ethnic groups, such as Africans, due to the lack of homogeneity
in socioeconomic levels in the populations analyzed. Despite these limitations, this study
contributes important findings to the literature and may help to choose genetic markers
that are more globally homogeneous in relation to COVID-19 incidence and prognosis.

Our results demonstrated that the most important variants directly correlated with
the incidence/susceptibility of COVID-19 are more frequently present in populations of
European origin, which may suggest that this population is potentially more susceptible
to infection by the SARS-COV-2 virus. Epidemiological data have shown that the highest
mortality rates worldwide were found in populations of Latino origin, our results found
three important variants related to the immune response that may contribute in part to the
increase in case fatality rates in these populations.

The present study may contribute to a homogenization of data from studies with
GWASs around the world, since we often find different results between these variants
and their correlation with epidemiological data regarding susceptibility /incidence and
prognosis/mortality of COVID-19.

5. Conclusions

Our study demonstrated that 11 SNPs (rs117169628, rs2547438, rs2271616, rs12610495,
rs12046291, rs35705950, rs2176724, rs10774671, rs1073165, rs4804803 and rs7528026) were
correlated with epidemiological data in different ethnic groups. Seven SNPs (rs12046291,
rs117169628, rs1073165, rs2547438, rs2271616, rs12610495 and rs35705950) were positively
correlated with the incidence rate. One variant was inversely associated with incidence
rates (rs2176724). Two variants (rs10774671 and rs4804803) were inversely correlated with
mortality rates. In contrast, one variant (rs7528026) was positively related to mortality rates.

Our study has the potential to identify and correlate the genetic profile with epi-
demiological data, to identify populations that are more susceptible to severe forms of
COVID-19 and relate them to incidence and mortality. This study shows promise for the
implementation of personalized strategies for molecular screening of COVID-19 in diverse
populations around the world, a fact that can contribute to the identification of susceptible
individuals and more effectively manage the evolution of the disease.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/jpm14060579 /s1: Table S1: SNPs correlated with the incidence
of COVID-19 in different populations. Table S2: SNPs that correlated with COVID-19 mortality in
different populations. Table S3: 25 studies included in the review [29-47].
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