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Background: Information about the distribution of clinically significant genetic markers in 
different populations may be helpful in elaborating personalized approaches to the clinical 
management of COVID-19 in the absence of consensus guidelines.
Aim: Analyze frequencies and distribution patterns of two markers associated with severe 
COVID-19 (rs11385942 and rs657152) and look for potential correlations between these 
markers and deaths from COVID-19 among populations in Russia and across the world.
Methods: We genotyped 1883 samples from 91 ethnic groups pooled into 28 populations 
representing Russia and its neighbor states. We also compiled a dataset on 32 populations from 
other regions using genotypes extracted or imputed from the available databases. Geographic maps 
showing the frequency distribution of the analyzed markers were constructed using the obtained 
data.
Results: The cartographic analysis revealed that rs11385942 distribution follows the West 
Eurasian pattern: the marker is frequent among the populations of Europe, West Asia and 
South Asia but rare or absent in all other parts of the globe. Notably, the transition from high 
to low rs11385942 frequencies across Eurasia is not abrupt but follows the clinal variation 
pattern instead. The distribution of rs657152 is more homogeneous. The analysis of correlations 
between the frequencies of the studied markers and the epidemiological characteristics of 
COVID-19 in a population revealed that higher frequencies of both risk alleles correlated 
positively with mortality from this disease. For rs657152, the correlation was especially strong 
(r = 0.59, p = 0.02). These reasonable correlations were observed for the “Russian” dataset only: 
no such correlations were established for the “world” dataset. This could be attributed to the 
differences in methodology used to collect COVID-19 statistics in different countries.
Conclusion: Our findings suggest that genetic differences between populations make 
a small yet tangible contribution to the heterogeneity of the pandemic worldwide.
Keywords: severe COVID-19, genetic markers, AB0, rs11385942, rs657152, gene 
geography

Introduction
The novel coronavirus known as severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) was first identified in China in December 2019. The virus was rapidly 
spreading around the world, and three months later the World Health Organization 
declared a pandemic.1 The disease caused by SARS-CoV-2 is referred to as coronavirus 
disease 2019 (COVID-19). The course of the disease varies from asymptomatic infec-
tion to death from respiratory failure. Epidemiological data show that the morbidity and 
mortality of COVID-19 vary greatly not only between individuals within a population 
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but also between countries. At the time of writing, the daily 
rate of new COVID-19 cases in Northern Europe (Denmark, 
Estonia, Finland, Norway) was relatively low, whereas 
Southern Europe (Italy, Spain, France) was suffering from 
higher morbidity and higher mortality.2 Such variation may 
be due to sociodemographic, environmental (see3–5 for cor-
relations with vitamin D levels) and genetic factors. 
A genome-wide association study involving 1610 patients 
and 2205 control participants from Italy and Spain has iden-
tified two key genomic sites associated with severe respira-
tory failure due to COVID-19.6 One of them is rs11385942 
(G>GA) at locus 3p21.31, which comprises a cluster of six 
genes potentially predisposing to severe COVID-19. Notably, 
the association was demonstrated for the entire 50 kb-long 
haplotype segment. Such high LD is uncommon for this 
segment of chromosome 3 and can be explained by the 
evolutionarily recent introgression of this haplotype into the 
human gene pool from Neanderthals.7 The other site 
(rs657152), which demonstrated a less pronounced associa-
tion with severe COVID-19, is located at the ABO blood 
group locus 9q34.2. According to Zeberg and Pääbo,7 the 
frequencies of these SNP varied among the populations 
included in the 1000 Genomes project and the highest fre-
quency occurs in South Asia (Bangladesh). Zeberg and Pääbo 
also cited the report where individuals of Bangladeshi origin 
in the UK have an about two times higher risk of dying from 
COVID-19 than the general population.

So, we decided to investigate how these two SNPs 
associated with severe COVID-19 are distributed in dif-
ferent populations across the world focusing on the least 
studied populations of North Eurasia.

The datasets we used consisted of 1883 samples repre-
senting populations of North Eurasia and the published 
data on 3088 samples from other world regions. Our goal 
was to unravel the patterns of geographic variation of 
these polymorphisms and investigate possible correlations 
between their frequencies and the number of COVID-19 
deaths and recoveries in the studied populations. 
Information about the distribution of clinically significant 
genetic markers in different populations may help to ela-
borate personalized approaches to the treatment of 
COVID-19 in the absence of consensus guidelines.

The primary goal of this study was to determine the 
frequencies of rs11385942 and rs657152 in different popu-
lations of Russia, which is a highly ethnically heteroge-
nous country, and its closest neighbors. The second goal 
was to look for any possible associations between the 

population frequencies of rs11385942 and rs657152 and 
the number of COVID-19 cases, recoveries and deaths.

Materials and Methods
Dataset 1: Populations of Russia and Its 
Neighbor States
Samples representing the populations of Russia and its 
closest neighbors in North Eurasia (post-Soviet states and 
Mongolia) were provided by the Biobank of North 
Eurasia.8 The study was approved by the Ethics 
Committee of the Research Centre for Medical Genetics; 
informed consent was obtained from every donor. The 
analyzed samples represented a vast territory encompass-
ing much of Russia, its neighbor states and most ethnic 
groups inhabiting this area (Figure 1). Similar to the sam-
pling strategy of the 1000 Genomes Project, our study 
focused on indigenous populations. For example, East 
Siberian populations were represented by Yakuts and 
Evenks but not ethnic Russians who had moved to 
Siberia in the past 1–3 centuries.

We genotyped a total of 1883 samples representing 91 
populations from Armenia, Azerbaijan, Belarus, Georgia, 
Kazakhstan, Kyrgyzstan, Lithuania, Mongolia, Russia, 
Tajikistan, Ukraine, and Uzbekistan. We focused on two 
markers associated with severe COVID-19: rs11385942 
and rs657152.6 The samples were genotyped for 
rs657152 and 250 SNPs in the vicinity of rs11385942 
(chr3: 45700000–45900000, GRCh37) using an Infinium 
Omni5Exome-4 v1.3 BeadChip Kit (Illumina, USA), 
which covers over 4.5M SNPs.

To estimate the frequencies of COVID-associated mar-
kers, we needed a sample size of 100 chromosomes per 
population, but most populations included in the study 
were represented by only a few samples. Therefore, sam-
ples of geographically and genetically close populations 
were pooled. The genetic similarity between those popula-
tions was determined by means of genome-wide genotyp-
ing for 4.5M SNPs included in the Illumina array. The 
pooling procedure consisted of the following steps: i) input 
filtering and pruning with PLINK (geno 0.05, maf 0.01, 
mind 0.1,9 indep-pairwise 1500 150 0.2), ii) running PCA 
with smartpca,10,11 and iii) identifying groups of popula-
tions that were internally genetically homogenous but 
showed pronounced intergroup variation. Some popula-
tions were excluded from the analysis because of their 
small sample size and genetic features that made pooling 
impossible. The pooling procedure is described in greater 
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detail.12 The final dataset consisted of 1785 samples from 
28 pooled populations; the average sample size was 128 
chromosomes (64 individuals). These populations, below 
referred to as the “Russian dataset”, are listed in Table S1. 
Their geography is shown on the map (Figure 1).

Dataset 2: Populations from Other World 
Regions
In addition to the dataset representing Russian populations, 
we compiled a dataset of populations from other world 
regions. We used data from 16 publications in which 
indigenous populations were studied using genome-wide 
genotyping arrays by Illumina (Illumina700k, 
Illumina730k, Illumina660k, Illumina650k, Illumina610k, 
Illumina550k, and Illumina1M).13–28 The merged dataset 
consisted of 3336 samples genotyped for rs657152 and 66 
SNPs in the vicinity of rs11385942.

With this dataset, some samples had to be pooled, too, 
to achieve larger sample sizes. Samples representing the 
same country were pooled, in most cases. In some cases, 
samples representing bordering states, like Spain and 

France, were also pooled. Two large countries, China and 
India, were represented by 3 pooled populations each. 
Samples from Russia and its bordering states were 
excluded from this dataset to avoid double counting. The 
final dataset included 32 populations with an average 
sample size of 104 chromosomes. These populations, 
referred to as the “world dataset”, are listed in Table S1. 
Their geography is shown on the map (Figure 1).

Imputation
One of the two analyzed COVID-19-associated markers, 
rs657152, was genotyped directly in both datasets. The 
frequencies of this marker were calculated in PLINK and 
are shown in Table S1. The second marker, rs11385942, is 
not included in any of the currently available genome-wide 
arrays. During the genome-wide association study that 
inspired our work, 712,189 SNPs had been genotyped 
and 170 million SNPs had been imputed.6 The association 
with severe COVID-19 was the strongest for one of the 
imputed SNPs, rs113859420. The study reported a ~ 50 
kb-long haplotype segment where SNPs were in high LD; 
rs113859420 tags this segment as effectively as any other 

Figure 1 The studied populations. Blue squares show locations of population samples genotyped specifically for this study (the Russian dataset). Green diamonds show 
locations of population samples described in other sources and reanalyzed in the course of this study (the world dataset).
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SNP in the vicinity.7 The SNP array used to genotype our 
“Russian” dataset was far denser (4.5M SNPs) than that 
used in and comprised 250 SNPs in the vicinity of 
rs113859420.6 Ungenotyped markers were imputed with 
Beagle; the number of iterations was set to 200.29 The 
1000 Genomes Project dataset was used as a reference.

Since Illumina arrays used to genotype samples 
included in our “world” dataset were less dense (66 
SNPs in the vicinity of rs113859420), the quality of impu-
tation had to be assessed first. For that, we compared 
genotypes of the same samples generated by the 250 
SNP and 66 SNP arrays; 1871 (99.4%) of 1883 genotypes 
coincided between the two sets, confirming that imputation 
of rs113859420 genotypes from lower-density Illumina 
arrays was quite accurate. Those genotypes were used to 
count rs113859420 allele frequencies in the populations 
from the “world” dataset (Table S1).

Cartographic Analysis
Maps showing geographic distribution of the two analyzed 
COVID-associated markers were created in GeneGeo.30,31 

The maps of North Eurasia (Russia and its closest neigh-
bors) were created using Shepard’s method. The weight 
function was set to 3; the radius of influence was set to 
1500 km. For other world regions, frequency distribution 
maps were constructed using the same method, with the 
radius of influence extended to 2500 km to extrapolate 
frequency variation to populations not included in the 
dataset and the weight function set to 2 for better smooth-
ing so as to see trends.32

Statistical Analysis
For the correlation analysis, we needed information about 
the number of COVID-19 cases per one million popula-
tion, the number of recoveries per one million population, 
the number of deaths from COVID-19 per one million 
population, and the number of deaths per all confirmed 
COVID-19 cases (this information was last updated on 
September 18, 2020). COVID-19 statistics were available 
per region and did not discriminate between indigenous 
and non-indigenous populations. So, we identified 16 
regions in Russia and its neighbor states where indigenous 
populations constituted a majority (85% on average, 
according to the latest census) and ran the correlation 
analysis on those 16 groups (Table S3). To analyze the 
distribution of COVID-19-associated markers at the global 
level, we used those 16 groups representing Russia and its 
neighbor states and all the populations included in the 

“world” dataset, except Native Americans and 
Greenlanders (Table S4). Differences in allele frequencies 
between the groups were tested using Fisher’s exact test 
and GraphPad InStat (GraphPad Software, San Diego, CA, 
USA); the Bonferroni-adjusted significance threshold was 
set to 0.05. Correlations between the frequencies of the 
studied SNPs and epidemiological parameters per 
1 million population were tested using Pearson’s correla-
tion coefficient calculated in StatSoft Statistica (Dell 
Statistica, Tulsa, OK, USA); the Bonferroni-adjusted sig-
nificance threshold was also set to 0.05.

Results
Variation of rs11385942 Frequencies at 
the Global Level
Rs11385942 is strongly associated with severe COVID- 
19.6 We analyzed the geographic distribution of its 
variants in the world’s populations using two datasets: 
1883 genotyped samples representing Russia and its 
neighbor states and the published data on 3088 samples 
from other regions. The “world” dataset contained infor-
mation about rs11385942_GA frequencies in 60 popula-
tions (Table S1). Figure 2 shows the geographic 
distribution of this marker across the globe. Its highest 
frequency (20–30%) is observed in South Asia, followed 
by West Asia and Europe (5–15%). This SNP is found 
in the populations of North Africa but is rare or unde-
tected in East Asia, North Asia (Siberia), native 
American populations, and sub-Saharan Africa. 
According to the yet scarce data on the distribution of 
rs11385942_GA in Southeast Asia and Papua New 
Guinea, the frequency of this variant in these two 
regions is elevated. Similar to many other genetic mar-
kers, including mitochondrial DNA and Y-chromosomal 
markers, the geographic distribution of this marker fol-
lows the well-known “West Eurasian” pattern.33,34 South 
Asian populations have more pronounced genetic affi-
nity with West Eurasians than with East Eurasians. 
Interestingly, the geographic distribution of rs11385942 
is characterized by its higher frequencies in South Asian 
populations and lower frequencies in West Asian/ 
European populations of West Eurasia.

To compensate for the inevitably schematic character 
of this description, the analysis of rs11385942 variation at 
the global level was complemented by the detailed analy-
sis of its geographic distribution in Russia.
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Variation of rs11385942 Frequencies 
Across Russia
Our extensive dataset of samples collected in Russia and its 
neighbor states allowed us to analyze the geographic distri-
bution of rs11385942 in these countries in greater detail. The 
frequencies of this SNP are listed in Table S1 and visualized 
on the map (Figure 3). The map shows that there is no abrupt 
transition from high rs11385942 frequencies in Europe to its 
zero presence in North Asia. The distribution of this SNP 
follows a clinal variation pattern, ie, its frequency gradually 
decreases across 7000 kilometers, from 13% to 16% in 
Ukraine, Belarus and westernmost Russian regions to zero 
in the Kamchatka and Chukotka peninsulas at the Pacific 
coast. The average rs11385942 frequency in the populations 
inhabiting European Russia is 11% vs 3% in Siberia (Table 
S1). In Central Asia regions, rs11385942 frequencies are 
generally low (1–4%), Tajikistan being a notable exception 
(14%, which is significantly different from rs11385942 

frequencies in its neighbor states). This is explained by the 
fact that the population of Tajikistan is geographically and 
genetically close to South Asian populations, where the 
frequency of rs11385942 reaches its peak.

The frequency of rs11385942 in the southwestern 
regions of Russia is very similar to that in the bordering 
Belarus and Ukraine, the difference being statistically 
insignificant (Tables S1 and S2). In the Caucasus, the 
lowest frequency of the risk GA allele (6%) is observed 
in the central regions (Chechnya, Ingushetia, North 
Ossetia), increasing to the east and to the west (≈ 10%), 
and is particularly high in the South Caucasus (14%).

Variation of rs657152 Frequencies at the 
Global Level
Figure 4 shows a frequency distribution map for rs657152. 
In comparison with rs11385942, the distribution of this 
marker is more homogeneous. It is quite frequent in almost 

Figure 2 Global variation of rs11385942_GA frequencies. Four colors mark areas of 4 frequency ranges of this risk allele. The black points represent the populations 
analyzed. Abbreviations in the statistical legend indicate the following. 
Abbreviations: K, number of the populations studied; N, the number of the map grid nodes (calculated according to the data on the studied populations); min, the minimal 
frequency on the map; max, the maximum frequency on the map; avr, the average frequency on the map; std, the standard deviation; Rlat, the coefficient of partial correlation 
between latitude and frequency on the map; Rlon, the coefficient of partial correlation between longitude and frequency on the map; Rmul, the coefficient of multiple 
correlation of the frequency with both latitude and longitude on the map.
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all populations in the Old World. Its highest frequencies 
(above 50%) are observed in sub-Saharan Africa. In most 
Eurasian populations, rs657152 occurs at 40% to 50% 
frequencies. At the periphery of Eurasia (Europe’s 
Atlantic fringe, Far East, Southeast Asia), its frequency 
tends to drop below 40%; this marker is almost absent in 
Native American and Australasian populations.

Variation of rs657152 Frequencies Across 
Russia
The frequency of rs657152 in the populations of European 
Russia varies from 38% to 42%, is comparable with that in 
Belarus (33%, p >0.05) and is lower than in Ukraine (51%, 
p < 0.05) (Tables S1 and S2). In the Caucasus, the fre-
quency of rs657152 is the highest in the east (Dagestan, 
52%) and the lowest in the west (27%). The differences in 
rs657152 frequencies between the populations of these 

regions are the most significant, in comparison with other 
regions included in the analysis (Table S2). In Asia, the 
frequency of rs657152 reaches 38–39% in Tuvans and 
Mongols and is 51% in the populations of Uzbekistan 
and Kyrgyzstan (in comparison with Kazakhstan and 
Tajikistan, the differences here are insignificant; Tables 
S1 and S2).

Correlations Between Frequencies of 
COVID-Associated Markers and 
Epidemiological Parameters
The frequencies of both markers in different populations 
of Russia were analyzed in the context of COVID-19 
recovery and mortality rates in those populations. 
Information about the number of COVID-19 cases, recov-
eries, deaths, and population sizes is provided in Table S3. 
Weak negative correlations (Table 1) were established 

Figure 3 Variation of rs11385942_GA frequencies across Russia and its neighbor states. The frequency spectrum here is more detailed than the one shown on the world 
map (Figure 2). The black points represent the populations analyzed. Abbreviations in the statistical legend indicate the following. 
Abbreviations: K, number of the populations studied; N, the number of the map grid nodes (calculated according to the data on the studied populations); min, the minimal 
frequency on the map; max, the maximum frequency on the map; avr, the average frequency on the map; std, the standard deviation; Rlat, the coefficient of partial correlation 
between latitude and frequency on the map; Rlon, the coefficient of partial correlation between longitude and frequency on the map; Rmul, the coefficient of multiple 
correlation of the frequency with both latitude and longitude on the map; HT, the total heterozygosity; HS, the within population heterozygosity; GST, the coefficient of 
genetic differentiation among populations (Masatoshi Nei’s GST coefficient).
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between the frequencies of both risk alleles and the abso-
lute number of COVID-19 cases, as well as the number of 
COVID-19 cases normalized to the population size. By 
contrast, the correlations between both risk alleles and the 
mortality rate, calculated as the number of deaths per total 
COVID-19 cases, were positive. The correlations between 
both risk alleles and the recovery rate calculated as the 
number of recoveries normalized to the total number of 
COVID-19 cases were negative. The correlation between 
COVID-19 mortality and the frequency of rs657152 
(r = 0.63) was significant (p = 0.01; Table 1), unlike the 

correlation between COVID-19 mortality and the fre-
quency of rs11385942 (r = 0.24), which was statistically 
insignificant (p = 0.38). The correlation between the fre-
quency of rs657152 and mortality from COVID-19 
remained significant after the Bonferroni correction. 
After the 2 datasets were merged, the established correla-
tions became insignificant (Table 1).

Discussion
The genome-wide association study by Ellinghaus et al has 
reported a strong association signal at locus 3p21.31 

Figure 4 Global variation of rs657152_A frequencies. Four colors mark areas with four intervals of frequencies of this risk allele, according to the scale. The black points 
represent the populations analyzed. Abbreviations in the statistical legend indicate the following. 
Abbreviations: K, number of the populations studied; N, the number of the map grid nodes (calculated according to the data on the studied populations); min, the minimal 
frequency on the map; max, the maximum frequency on the map; avr, the average frequency on the map; std, the standard deviation; Rlat, the coefficient of partial correlation 
between latitude and frequency on the map; Rlon, the coefficient of partial correlation between longitude and frequency on the map; Rmul, the coefficient of multiple 
correlation of the frequency with both latitude and longitude on the map.

Table 1 Correlations Between COVID-19 Recoveries, Deaths and the Distribution Frequencies of the Studied Genetic Markers

“Russian” Dataset “World” Dataset

Epidemiological parameter rs11385942_GA rs657152_A rs11385942_GA rs657152_A

Number of COVID-19 cases per 1 million population −0.18 (p = 0.50) −0.44 (p = 0.09) 0.11 (p = 0.49) −0.13 (p = 0.44)

Number of recoveries per 1 million population −0.18 (p = 0.50) −0.46 (p = 0.08) 0.13 (p = 0.43) −0.03 (p = 0.84)
Number of deaths per 1 million population −0.17 (p = 0.52) −0.04 (p = 0.89) 0.10 (p = 0.54) −0.12 (p = 0.45)

Mortality rate (number of deaths per all confirmed COVID-19 cases) 0.24 (p = 0.38) 0.63 (p = 0.01) −0.03 (p = 0.88) −0.14 (p = 0.38)
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comprising six genes (SLC6A20, LZTFL1, CCR9, FYCO1, 
CXCR6, XCR1): the risk allele rs11385942-GA was asso-
ciated with a genetic predisposition to acute respiratory 
failure due to COVID-19. The frequency of the risk allele 
was higher among patients who required mechanical ven-
tilation in comparison with those who were on supplemen-
tal oxygen therapy. Among the genes most strongly 
associated with COVID-19 were SLC6A20, LZTFL1 and 
CXCR6. The SLC6A20 gene encodes sodium-amino acid 
transporter 1, which closely interacts with ACE2, an entry 
receptor for SARS-CoV-2.35,36 LZTFL1 regulates ciliary 
function and intraflagellar transport in the cell.37 CXCR6 
controls the distribution of tissue-resident memory T cells 
in different parts of the lungs, ensuring a stable immune 
response to pathogen invasion of the respiratory tract.38 

The GA risk allele is implicated in the decreased expres-
sion of CXCR6 and the elevated expression of SLC6A20 
and LZTFL1 in human lung cells, determining the severity 
of COVID-19.6

Ellinghaus et al noticed that the frequency of the 
rs11385942 risk allele varies between populations but 
did not analyze the pattern of this variation. We compiled 
a dataset of rs11385942 frequencies in human popula-
tions from different corners of the world and found that 
at the global level its variation follows the West Eurasian 
pattern. Like many other polymorphisms, rs11385942 is 
common in West Eurasia (Europeans, West Asians, and 
South Asians) but rare or absent in other parts of the 
globe, including the populations of East Asia, North 
Asia, native Americans, and sub-Saharan Africans 
(North African populations are related to West 
Eurasians and carry rs11385942 at moderate frequencies). 
This marker, along with the linked SNPs in the 50kb-long 
haplotype segment, is the product of Neanderthal 
admixture,7 which explains its absence in sub-Saharan 
Africa never inhibited by Neanderthals. The absence of 
this SNP in East Eurasia may be attributed to the genetic 
drift after the divergence of West and East Eurasians. The 
detailed analysis of Russian populations demonstrates 
that differences in rs11385942 frequencies across 
Eurasian subcontinents are not abrupt. For example, the 
elevated frequency of this marker in European popula-
tions gradually decreases eastward, hitting zero on the 
Pacific coast.

Another genomic site strongly associated with severe 
COVID-19 is rs657152; it is located at the ABO blood 
group locus. The association between the ABO blood 
group system and COVID-19 severity has been reported 

in a number of studies. For example, the risk of COVID- 
19-associated respiratory failure was the highest in 
patients with blood type A; by contrast, patients with 
blood type O were at the lowest risk for COVID-19- 
associated respiratory failure.39,40 However, the cited stu-
dies focused primarily on the risk of infection but not on 
COVID-19 severity.41 The protective effect of blood type 
O was attributed to the presence of neutralizing antibodies 
against N-linked glycans.6,42 It is also known that there is 
a link between the ABO blood group locus and the expres-
sion of the von Willebrand factor (locus 12p13.31), which, 
together with factor VIII, promotes clotting in damaged 
blood vessels. Patients with non-O blood types have 
higher levels of VWF in their pulmonary endothelial 
cells than patients with blood type O,43,44 which may 
explain the role of the ABO blood group system in 
COVID-19.

That said, rs657152 does not directly encode any blood 
type but can be used to distinguish rare variants of the 
ABO gene.45 The fact that the cited GWAS has established 
a strong association between this SNP and COVID-19 
severity whereas other studies have reported associations 
with “classic” variants of the ABO gene indicates the 
complexity behind these associations, which might be 
resolved by future research involving sequencing of the 
entire ABO locus. Meanwhile, let us look at the frequency 
of ABO group A in different populations (Figure 5). The 
most impressive thing about the map in Figure 5 is the vast 
amount of data used for its construction: the map features 
2757 populations, which is almost thirty times higher than 
the number of populations included in the datasets ana-
lyzed in this study. This map was constructed from litera-
ture data on blood types accumulated in the 20th century. 
It shows the true value of old datasets: frequency distribu-
tion maps based on modern datasets (like the 1000 
Genomes Project or the dataset analyzed in this study) 
are only roughly accurate, whereas data published in 
the second half of the 20th century produce a very detailed 
and reliable picture (Figure 5). The map shows that the 
highest rs657152 frequencies (30% and above) occur in 
Western Europe. Slightly lower rs657152 frequencies are 
observed in the Volga-Ural region of Eastern Europe. The 
populations of North Asia (Siberia), East Asia and sub- 
Saharan Africa are characterized by overall low rs657152 
frequencies (10–20%). Most South Asian populations 
carry ABO_A at moderate frequencies (15–20%), but in 
the populations of West Central Asia the frequency of this 
allele is as high as in Western Europe.
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Conclusion
To sum up, the frequency of the risk allele rs11385942 is 
high in South Asia, slightly lower in Europe and West 
Asia, and low in other world regions. The frequency of 
the risk allele rs657152 is the highest in Africa and mod-
erate in Eurasia. Blood type A is most commonly observed 
in European populations and is moderately frequent in 
Eurasia. In other words, the frequencies of either of the 
analyzed risk alleles are the highest or higher among 
Europeans and South Asians than among the populations 
of other regions.

While investigating whether the elevated frequency of the 
studied risk alleles in a population may aggravate the epide-
miological situation, we discovered a reasonable pattern of 
correlations, though we cannot assert that the link between 
the two was causative. First, we found no correlations between 
the frequencies of the studied risk alleles and the total number 
of COVID-19 cases in a population, which did not come as 
a surprise since these alleles are more associated with the 
severe course of the disease than with susceptibility to the 
infection. Second, the correlations with COVID-19 outcomes 
were as expected: for both markers, the higher frequency of 

Figure 5 Distribution frequencies of blood group A (the ABO system) in the world. The map was modified from previous study.46 The black points represent the 
populations analyzed. Abbreviations in the statistical legend indicate the following. 
Abbreviations: K, number of the populations studied; N, the number of the map grid nodes (calculated according to the data on the studied populations); min, the minimal 
frequency on the map; max, the maximum frequency on the map; avr, the average frequency on the map; std, the standard deviation; Rlat, the coefficient of partial correlation 
between latitude and frequency on the map; Rlon, the coefficient of partial correlation between longitude and frequency on the map; Rmul, the coefficient of multiple 
correlation of the frequency with both latitude and longitude on the map.
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risk alleles was positively correlated with mortality rates. This 
was a trend with rs11385942; with rs657152 the correlation 
was strong (r = 0.6) and significant (p = 0.01, Table 1). These 
reasonable correlations were observed for the “Russian” data-
set only: no such correlations were established for the “world” 
dataset. This could be attributed to the difference in methodol-
ogy used to report non-severe cases in different countries: 
underreported mild and moderate COVID-19 cases affect the 
mortality rate dramatically, making it impossible to analyze 
correlations with genetic factors. By contrast, within a country, 
the methodology of epidemiology surveillance is more uni-
form, and correlations with the frequency distribution of risk 
alleles become evident. Our samples sizes were relatively 
small, so statistical noise may have reduced the strength of 
the established correlations. We believe that even stronger 
correlations between COVID-19 recovery/mortality rates and 
the gene pool of the studied populations may transpire in future 
research and that genetic variation between populations makes 
a small yet tangible contribution into the heterogeneity of the 
pandemic in different parts of the globe.
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