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Abstract—Coronavirus disease (COVID-19), which was first recorded in China in December 2019, quickly
spread to other countries and in a short period of time, the local outbreak escalated into a pandemic. There
are significantly more cases of COVID-19 morbidity and mortality in European countries than in East Asia,
where the disease was first detected. Such population differences are unique, especially for SARS-CoV-2 and
are due to both socio-behavioral differences and features of the gene pool of the population of different coun-
tries. For infectious diseases, such as COVID-19, an important point is the genetic characteristics of individ-
uals, which can determine its resistance or susceptibility to infection. Therefore, studies of the factors of
hereditary predisposition to SARS-CoV-2 infection, as well as severity and mortality are extremely relevant.
After genotyping among the healthy population of Ukraine and collecting relevant data from some European
countries, we determined the correlation between morbidity, mortality from COVID-19 and the prevalence
of genotype II (ACE1, I/D polymorphism) in the populations of Ukraine and several European countries.
There was a negative correlation between the carrier of genotype II and susceptibility to SARS-CoV-2 infec-
tion per one million population (R = –0.53, p < 0.05), so individuals with genotype II can be considered more
resistant to infection SARS-CoV-2. Further study of the role of allelic variants of the ACE1 gene in the devel-
opment of severity and complications affected patients of COVID-19, are promising for identified of genetic
markers for development of personalized therapy.
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INTRODUCTION
Coronavirus disease (COVID-19) is an acute

infectious disease of the respiratory system caused by a
novel coronavirus (SARS-CoV-2) and called severe acute
respiratory syndrome coronavirus 2 (SARS- CoV-2)
according to the International Committee on Virus
Taxonomy. (Velavan et al., 2020). The disease first
became known on December 31, 2019, when the
WHO was alerted of the pneumonia cases of unknown
etiology detected in Wuhan City, Hubei Province,
China. After the first recorded case of this disease in
China, the virus quickly spread to other countries in
Asia, Central and Northern Europe, and America. In
a few weeks, a local outbreak dramatically escalated
and became a global pandemic. The World Health
Organization declared a Public Health Emergency of

International Concern (PHEIC) on 30 January 2020
(Ren L.L. et al., 2020). On May 1, 2021, the number of
infected by SARS-CoV-2 worldwide reached almost
170 million along with 3.5 million deaths.

It is important to note that both the morbidity and
mortality of COVID-19 were significantly higher in
European countries compared to that in East Asia
where the disease has been first detected (Zhu N.
et al., 2020). Such population differences are unique
for SARS-CoV-2 and have not been observed in either
severe respiratory syndrome (SARS) or Middle East-
ern respiratory syndrome (MERS), which occurred in
2002 and 2012, respectively. Apart from the socio-
behavioral differences between the populations of
Europe and East Asia, certain differences in both the
virological nature of SARS-CoV-2 and the gene pool
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of the countries in question should be considered. For
infectious diseases such as COVID-19, an important
point is the genetic characteristics of individuals which
can determine resistance or susceptibility of a particu-
lar individual to the infection. Therefore, studies of the
hereditary predisposition factors with respect to the
SARS-CoV-2 infection as well as the severity and
mortality are extremely relevant.

Angiotensin-converting enzyme 2 (ACE2) has
been identified as a functional receptor for SARS-
CoV-2 which allows the virus to enter host cells, simi-
lar to (SARS) 2002 (Li W. et al., 2003). The study of
the molecular interaction between the virus and the
host cell receptor is an important step towards under-
standing the pathogenesis of viral infection and sus-
ceptibility to infection in certain individuals. It is
worth noting that despite the already studied stable
molecular mechanisms of SARS-CoV-2 infection,
significant differences in clinical manifestations and
course of the disease have been established. This may
be related to a circulation of different virus strains in
populations as well as genetic characteristics of the
infected individual.

Previous studies have modelled the interaction of
the virus with different mutant variants of the ACE2
receptor and predicted that genetic variants in the
ACE2 gene might affect the individual susceptibility or
resistance to SARS-CoV-2, according to the func-
tional role of ACE2 in human pathophysiology. How-
ever, given the recent studies of the ACE2 gene coding
sequence among 131 SARS-CoV-2 positive individu-
als, no significant data hasn’t obtained in favor of a
link between the genetic variants of the ACE2 gene and
the susceptibility to infection and/or severity of
COVID-19 disease (Novelli A. et al., 2020). It is evi-
dent that the penetration of the coronavirus into the
cell results in a decrease of amount of active ACE2.
Since ACE2 along with ACE1 and renin are the major
regulators of the renin-angiotensin system (RAS), a
better understanding of this mechanism along with the
factors affecting it currently have extremely high
importance.

The role of ACE1 is to convert angiotensin I into
angiotensin II as well as the metabolism of bradykinin
while ACE2 is responsible for converting angiotensin II
to angiotensin 1–7. The interaction between ACE1
and ACE2 is reciprocal: when the former is activated
the latter is suppressed. This interaction is preserves of
physiological homeostasis in the context of RAS.
Under the conditions of infection with SARS-CoV-2
virus, angiotensin II in the patient’s body is not trans-
formed into angiotensin 1–7 which disrupts the RAS
balance. This may also contribute to the development of
a severe acute respiratory syndrome (SARS), because of
increased vascular permeability (Itoyama S. et al., 2004),
incipient apoptosis of endothelial cells (Tiret L. et al.,
1992) and alveolar epithelium cells (Zheng H. et al.,
2020).
In the 16th intron of the ACE1 gene, there are two
allelic variants - I/D (insertion/deletion), 287 nucleo-
tides. ACE II, ID, and DD are the three genotypes of
ACE. Different levels of ACE protein are observed in
these genotypes. Individuals with Alu (genotype II) have
lower ACE levels than individuals with Alu (DD geno-
type). The intronic Alu polymorphism of the ACE gene
directly affects the expression of this gene because the
presence of the Alu element in the 16 intron regulates
the activity of the ACE gene promoter and serves as a
transactivation repressor of RNA polymerase II activity
(Rigat B. et al., 1990). Individuals having a homozy-
gous deletion (absence) of Alu repeats (genotype DD)
show the highest level of ACE1 protein expression,
while individuals that are homozygous for insertions of
genotype II demonstrate a lower level of expression.
Alu polymorphism in the ACE gene can significantly
affect the susceptibility to infection, clinical manifes-
tations, and the course of COVID-19 in many ways.

I/D polymorphism is one of the important factors
associated with ACE levels in blood plasma and in
body tissues. It was hypothesized that the polymor-
phism is a very important factor in the context of pre-
dicting the course of the disease in patients and the
development of personal therapy (Saab Y.B. et al.,
2007). Some researchers underline that such an imbal-
ance can lead to fibrosis (Bellone M. et al., 2020) as well
as contribute to pro-inflammatory processes by releasing
pro-inflammatory mediators: interleukin-6, interleukin-8
(Ned R.M. et al., 2012). Due to the important functional
role of the ACE1 gene, altered expression levels of the
encoded protein in individuals by I/D polymorphism
may be a prerequisite for important pathological pro-
cesses associated with COVID-19. The goal of the pres-
ent study was to investigate the relationship between the
genotype distribution by polymorphism I/D and
COVID-19 morbidity/mortality rates in Ukraine and
other European countries.

MATERIALS AND METHODS
A group of 100 healthy unrelated individuals from

different parts of Ukraine participated in the study by
informed consent as a population sample. Isolation
and purification of DNA from the peripheral blood
leukocytes of the individuals in the observed group was
performed by a standard phenol-chloroform method
using proteinase K. The data on the genotype II distri-
bution by ACE1 polymorphism in different European
countries (Hungary, Poland, Slovakia, France, Italy,
Spain, Great Britain, Netherlands, Sweden, Denmark,
Portugal, Switzerland, Belgium, Germany) were col-
lected from the literature. The data on the number of
patients and the number of deaths per one million
population in Ukraine were obtained from the Center
for Public Health of the Ministry of Health of Ukraine
(https://www.phc.org.ua/). For the European coun-
tries, the data were collected from The Center for Sys-
tems Science and Engineering at Johns Hopkins Uni-
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Fig. 1. Electrophoregram of separation of PCR fragments
of the ACE gene product (I/D) in 2% agarose gel. Lane 1–
negative control, 2, 3–II, 4, 5–I/D, 6, 7–DD, M–molec-
ular weight marker (Ladder 100 b.p.).
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100 bp

1 2 3 4 5 6 7 M

Table 1. Distribution of genotypes and allelic variants of
I/D polymorphism in the ACE1 gene in the control group of
healthy individuals from Ukraine

Locus Control group, n = 100

Genotype, n, %

II 18 (0.18)

ID 51 (0.51)

DD 31 (0.31)

Alleles

I 0.435

D 0.565
versity. (https://coronavirus.jhu.edu/map.html) and
the webpage (https://ourworldindata.org).

To analyze the I/D polymorphism of the ACE1
gene, the PCR technique with end-point detection
was employed. The following sequences of oligonucle-
otide primers were used:
F 5' CTG GAG AGC CAC TCC CAT CCT TTC T 3'
R 5' GAC GTG GCC ATC ACA TTC GTC AGA T 3'

The synthesis of the oligonucleotide primers was
performed by METABION (Munich, Germany)
according to a predifined design. A set of Master Mix
ready to load kit manufactured by Solis BioDyne
(Tartu, Estonia) was used to carry out the polymerase
chain reaction. The latter were performed automati-
cally in an iCycler thermocycler, BIO-RAD (Hercu-
les, California, USA). The PCR products were frac-
tionated by gel electrophoresis in 2% agarose gel and
stained with 1% solution of ethidium bromide (an
intercalating DNA dye).

The statistical data analyses were performed using
Spearman’s rank correlation coefficient (R).

RESULTS
The I/D polymorphism in the ACE1 gene is the pres-

ence (I – Insertions, 490 bp) or absence (D –Ddeletion,
203 bp) of the 287 nucleotide in the 16th intron of the
ACE1 gene. The results of the analysis of this polymor-
phism are shown in Fig. 1.

The analysis of allelic variants by ACE1 I/D poly-
morphism was performed in a group of 100 people
from different regions of Ukraine (the mean age was
35 yr, men to women ratio was 1:1). The distributions
of genotypes and allelic variants of the studied poly-
morphism is shown in Table 1.

To analyze the relationship between the genotype II
incidence and the COVID-19 morbidity/mortality per
one million population in Ukraine and some Euro-
pean countries, the data on the genotype prevalence II
with respect to ACE1 I/D polymorphism were col-
lected from the previously published literature sources
(Table 2).

For each European country, to harmonize the
data, morbidity and mortality rates were taken for
different periods of the COVID-19 pandemic,
namely, when (i) peaks in coronavirus disease were
detected in each country and (ii) RT-PCR testing
reached 100 per 1000 population. For Ukraine, it is
the period from 01.02.21–01.05.21 while for such
countries as Hungary, Poland, Slovakia, France, Italy,
Spain, Great Britain, the Netherlands, Sweden, Den-
mark, Portugal, Switzerland, Belgium, Germany it is
the period from 23.03.20–23.05.20, respectively.

It is important to note that the frequency of geno-
type II among the healthy population in Ukraine was 18%.
Among the studied European countries, the highest
rate was reported in Poland (Borzyszkowska et al., 2012).
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While the lowest rate of 15% was observed in Spanish
(Freitas et al., 2008). On the other hand, in the same
population the highest COVID-19 incidence rate was
5034 per one million population, while the lowest inci-
dence rate was observed in Slovakia, 284 per million
population. One should bear in mind that the fre-
quency of genotype II in the population of Slovakia is
one of the highest in the group of the studied Euro-
pean countries reaching 25% (Siváková et al., 2009).
At the same time, the highest mortality rates from
COVID-19 were reported in Belgium where the fre-
quency of genotype II is 19%. The lowest mortality
rates from COVID-19 were observed in Ukraine
where the frequency of genotype II is 18%, while the
COVID-19 incidence in the population is 471 per mil-
lion population. To confirm our hypothesis of the pos-
sible protective role of genotype II carriers in SARS-
CoV-2 infection affecting thus the course of COVID-
19 disease, we analyzed the correlation between mor-
bidity and mortality per one million population and
the frequency of genotype II of the ACE1 gene.

The correlation between the incidence of COVID-
19 (Fig. 2), mortality from this disease (Fig. 3) and the
prevalence of genotype II of the ACE1 gene in the
studied populations was assessed using Spearman’s
rank correlation coefficient (R). A statistically signifi-
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Table 2. Genotype II frequencies and morbidity and mortality rates from COVID-19

Country No. of subjects ACE 1 I/I, % Covid-19 cases Case/pop, 
n/mill Deaths Death/pop, 

n/mill

Ukraine 100 18 388715 471 21676 2.67
Hungary 120 27 3741 386 482 50
Poland 632 29 29392 774 1247 33
Slovakia 209 25 1548 284 284 5
Sweden 59 27 33188 3307 3992 398
Denmark 199 23 11487 1990 561 97
Switzerland 199 25 31117 3631 1938 226
United Kingdom 386 21.2 258504 3828 36757 544
Netherlands 61 20 45265 2648 5830 341
Belgium 109 19 56810 4923 9237 800
Germany 172 20.1 179986 2155 8261 99
France 450 17.6 182036 2795 28218 433
Spain 266 15 235290 5034 28678 614
Italy 468 16.6 229327 3787 32735 541
Portugal 510 16 36690 3569 1517 148
cant negative correlation between morbidity and prev-
alence of genotype II (R = –0.53, p < 0.05) has been
determined, the same trend being observed for the
relationship between mortality from COVID-19 and the
prevalence of genotype II in the populations. However,
the correlation coefficient (R = –0.47, p = 0.09) in the
latter case is not statistically significant.

The presence of genotype II may affect the inci-
dence and the clinical course of COVID-19, similar
patterns have been noted in studies by other authors
for the population of Europe and the Middle East.
This study also revealed a higher susceptibility to
SARS infection-CoV-2 of the population of these
countries compared to the population of Asia (Naoki Y.
et al., 2020). It should be noted that the established
relationship between the frequency of genotype II and
Fig. 2. Relationship between incidence of COVID-19 and
the prevalence of genotype II of the ACE1 gene (%) in
Ukraine and European countries.
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the incidence of COVID-19 is in agreement with the
patterns reported of other authors (Naoki Y. et al.,
2020; Joris and Delanghe et al., 2020). As to the rela-
tionship between mortality from COVID-19 and the
genotype II carriers, no statistically significant cor-
relation was found for the population of Ukraine,
neighboring border countries such as Poland, Slova-
kia, Hungary and other European countries (Sweden,
Denmark, Belgium, Italy, Spain, France, Switzerland,
the Netherlands, Portugal, Germany, Great Britain).

The differences between COVID-19 morbidity/mor-
tality rates across Europe and, especially, in Asia can
be explained by both different sociocultural pattern in
pandemic behavior and different anti-epidemic mea-
sures as well as different quality of medical care. How-
ever, the correlations between the prevalence of differ-
CYTOLOGY AND GENETICS  Vol. 55  No. 5  2021

Fig. 3. Relationship between mortality from COVID-19
and prevalence of genotype II of the ACE1 gene (%) in
Ukraine and European countries.
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ent genotypes by ACE1 I/D polymorphism and mor-
bidity, mortality from COVID-19 found in this and
other studies suggest that ACE1 I/D polymorphism
might be an informative genetic marker of SARS-
CoV-2 to predict the prevalence in the population. On
the other hand, the recently obtained numerical data
establish in a correlation between allelic polymor-
phism ACE1 I/D and cardiovascular disease, inflam-
mation and immune processes lay a groundwork for
further research of markers for prognosis of severity
COVID-19 (Manci Li et al., 2021). Studies of other
genes involved in the pathogenicity of SARS-CoV-2
such as ACE2b CTSL, TMPRSS have yielded con-
flicting results regarding their relationship with mor-
bidity, severity, and mortality from COVID-19 (Anas-
tassopoulou C. et al., 2020; Brest P. et al., 2020; Naoki Y.
et al., 2020).

The distribution of genotypes and frequency of
allelic variants by insertion/deletion (I/D) polymor-
phism in the 16th intron of the ACE1 gene in the pop-
ulation of healthy individuals of Ukraine has been
established. The patterns of the negative correlation
between morbidity, mortality from COVID-19 and the
prevalence of inertia (II) homozygotes by ACE1 gene
polymorphism in populations of Ukraine and other
European countries reveled in this and other studies
reflect multi-vector relationships between the expres-
sion level of this gene and the pathogenesis of
COVID-19. Further studies of the role of allelic vari-
ants of the ACE1 gene in the evolution of severe dis-
ease and complications from COVID-19 are required
for the development of prognostic genetic markers for
personalized therapy.

Ethical approval for the study was obtained from
the bioethics committee of the State Institution “Insti-
tute of Pediatrics, Obstetrics and Gynecology named
after Academician O.M. Lukyanova, National Acad-
emy of Medical Sciences of Ukraine”, protocol no. 28
(15.10.2020). Informed consent was obtained from
patients.
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