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Abstract. Background and aim: Gene polymorphism, coding the host proteases, which are involved in the virus 
entry into the cells can influence the susceptibility to and mortality from coronavirus disease 19 (COVID-19). 
Angiotensin-converting enzyme 2 (ACE2), transmembrane serine 2 and serine 11A proteases (TMPRSS2, 
TMPRSS11A), and a cell surface cluster of differentiation 147 (CD147) might be a gene candidate that ex-
erts such influence. The aim of this study was to investigate the associations between ace2, tmprss2, tmprss11a, 
and cd147 polymorphic variants and the severity of COVID-19 in the Ukrainian population. Methods: The 
study population consisted of the Ukrainian population with COVID-19: patients without oxygen therapy 
(n=62), with non-invasive (n=92) and invasive (n=35) oxygen therapy, as well as control subjects (n=92). Al-
lelic polymorphisms of ace2 rs4240157, tmprss2 rs12329760, and tmprss11a rs353163 were determined by 
real-time PCR, and cd147 rs8259 polymorphism was detected by PCR with subsequent restrictase analysis. 
We compared investigated polymorphisms distribution with other populations by meta-analysis. Results: Our 
study is the first to obtain data about the distribution of investigated gene polymorphisms in the Ukrainian 
population: tmprss2 rs12329760 – CC 60.9%, CT 35.9%, TT 3.2%; tmprss11a rs353163 – CC 46.7%, CT 
40.2%, TT 13.1%; ace2 rs4240157 – CC 7.6%, C 18.5%, CT 22.8%, TT 19.6%, T 31.5%; cd147 rs8259 – TT 
60.9%, AT 32.6%, AA 6.5%. This distribution was similar to the Northern, Western and Southern European 
populations. There was a statistically significant difference in the frequency of tmprss2 polymorphic geno-
types CC 57.1%, CT 28.6%, and TT 14.3% (P<0.05) in COVID-19 patients with invasive oxygen therapy 
in comparison with non-invasive oxygen therapy. This tmprss2 mutation occurs in the scavenger receptor 
cysteine-rich (SRCR) domain and might be important for protein-protein interaction in a calcium-depend-
ent manner. Conclusions: Our study indicated the presence of an association between the tmprss2 rs12329760 
polymorphism and the severity of COVID-19 in the Ukrainian population. (www.actabiomedica.it)
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1. Introduction

Coronavirus disease 2019 (COVID-19) is 
the second pandemic of the twenty-first century, 
with over one hundred million infections and over 
two million deaths to date. It is a novel strain from 
the Coronaviridae family, named Severe Acute 
Respiratory Distress Syndrome Coronavirus-2 
(SARS-CoV-2). Transmission of SARS-CoV-2 is 
mainly via respiratory droplets, either directly from 
the air when an infected patient coughs or sneezes, or 
in the form of fomites on surfaces (1). The host genetic 
variability might determine individual susceptibility 
to SARS-CoV-2 and the course of COVID-19 (2-5). 
Recently, some attempts have been made to predict 
gene targets in polymorphism-associated studies on 
COVID-19 (6-9).

SARS-CoV-2 threatens target cells using SARS 
spike proteins (S-proteins), which bind to angioten-
sin (AT) – converting enzyme 2 (ACE2). It also uses 
transmembrane protease, serine 2 (TMPRSS2), trans-
membrane protease, serine 11A (TMPRSS11A), a cell 
surface cluster of differentiation 147 (CD147) for cell 
entry and for viral proliferation in host cells (10-13). 
The target proteins have polymorphic variants and 
might influence the effectivity of virus cell entry and 
virus proliferation.

The aim of this study was to elaborate on the 
associations between the polymorphic variants of 
ace2 (rs4240157), tmprss2 (rs12329760), tmprss11a 
(rs353163), cd147 (rs8259) and the severity of 
COVID-19 in the Ukrainian population.

2. Patients and methods

2.1 Study population

An observational analytic study with a case- 
control design was conducted at outpatient clinics 
and inpatient wards in the clinical settings of Poltava 
State Medical University, Ukraine, from August 2020 
through February 2021. Written informed consent 
was obtained from all recruited patients. The study was 
approved by the local Ethics Committee of Poltava 
State Medical University, Ukraine.

The study population consisted of Ukrainian 
COVID-19 patients who had resided in the Poltava 
region (central part of Ukraine). The inclusion criteria 
for the study group were subjects with clinical signs 
and symptoms of COVID-19: i) endotracheal intuba-
tion, ii) CPAP/BiPAP ventilation, iii) oxygen therapy, 
iv) hospitalized without oxygen therapy, v) not hos-
pitalized, and positive results of SARS-CoV-2 PCR 
tests in nasopharyngeal swabs (14).

All COVID-19 patients were divided into three 
clinical groups in accordance with oxygen require-
ment: group 1 – patients without oxygen therapy 
(n=62), group 2 – patients with non-invasive oxygen 
therapy (n=92), group 3 – patients with lung venti-
lation (invasive oxygen therapy) including 8 patients 
who died (n=35). We allocated such groups in order to 
be able to compare our data with previously published 
results on the gene polymorphisms associations with 
COVID-19 severity. The control group comprised 
92 healthy persons, without a history of fever or res-
piratory symptoms who had a negative SARS-CoV-2 
IgA+IgM+IgG serology and lived in Central Ukraine.

2.2 Genetic analysis

Venous blood was drawn and placed into tubes 
containing EDTA (BD Vacutainer® К2Е, Becton 
Dickinson, USA). Genomic DNA was isolated by 
DNeasy Blood&Tissue Kit using automatics station 
QIAcube Connect (QIAGEN, Germany).

The quality and integrity of DNA were checked 
by MAESTRONano (MAESTROGEN, Taiwan). 
All DNA samples were screened for purity by measur-
ing optical density (OD) at 260 nm and 280 nm. The 
ratios OD 260/280 nm ranged from 1.83-1.99 indi-
cating good quality DNA.

Allelic polymorphisms of ace2 C>T rs4240157, 
tmprss2 C>T rs12329760 and tmprss11a C>T rs353163 
were determined by real-time polymerase chain reac-
tion (PCR) methods and CFX96™ Real-Time PCR 
Detection System (Bio-Rad, USA), using Taqman® 
SNP Genotyping Assays (C_228018196_20, 
C_25622353_20 and C_1044674_10, respectively).

Allelic polymorphism of cd147 T>A rs8259 was de-
tected on the same thermal cycler with specific primers: 
forward: 5’-GAGTCCACTCCCAGTGCTTG-3’; 
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reverse: 5’-CTCGTGAAACACTTCAGAA-
GGAAAAGA-3’. After digesting with restriction 
enzyme MboI (Thermo Fisher Scientific, USA) for 
2 h at 37 °C, the PCR digest was detected on the 
automatic capillary electrophoresis system QIAx-
cel Advanced (QIAGEN, Germany) with QIAxcel 
DNA High-Resolution Kit. The restriction enzyme 
digested the 162 bp PCR products into 2 fragments: 
137 and 25 bp for the rs8259 A allele, whereas 
the uncut PCR products (162 bp) represent the T 
allele (15). The relevant image of representative cap-
illary gel-electrophoresis is shown in Fig. 1.

2.3 Methodology of meta-analysis

Because the recent data on the association be-
tween gene polymorphisms of our interest and 
COVID-19 are limited, meta-analysis was provided 
to: i) reveal the distribution of investigated gene poly-
morphisms between the Ukrainian population and 
other populations with these known polymorphisms, 
ii) to search for investigated genes polymorphisms 
in populations with already described gene polymor-
phisms’ associations with COVID-19, iii) to define the 
scales of COVID-19 severity used in published data of 

Figure 1. The electrophoresis result of PCR Mbol products of rs8259 cd147 polymorphism: line 1 – 
molecular marker 100 bp + 50 bp SibEnzyme VSLLC, line 2 – the AA genotype (137 bp, 25 bp), line 
3, 5, 6 – the AT genotype (162 bp, 137 bp, and 25 bp), line 4 – the TT genotype (162 bp).

300

500

[bp]

100
50

15

3000

200

PE
A

K 
SI

ZE

A1 A2 A3 A4 A5 A6

400

600

1000



Acta Biomed 2023; Vol. 94, N. 1: e20230304

allelic frequencies between controls and patients. The 
association between polymorphic gene variants and 
disease susceptibility / severity was assessed by calculat-
ing the odds ratio with a 95% confidential interval (CI). 
The analysis and calculation of descriptive statistics in-
dicators were carried out using One-Way ANOVA & 
post-hoc Bonferroni test for unpaired samples using the 
GraphPad PRISM® (Version 5.03) statistical software 
package (GraphPad Software, San Diego, USA). P-val-
ues of less than 0.05 were considered to be significant.

3. Results

3.1 Characteristics of the studied population

Demographic characteristics of the entire studied 
population are shown in Table 1.

There were no significant differences in terms 
of sex between all study groups. The COVID-19 
patients had significantly higher ages in comparison 
with control subjects, and COVID-19 patients with 
non-invasive and invasive oxygen therapy had higher 
ages than those without oxygen therapy. They also tend 
to have significantly higher body mass index (BMI) 
than control subjects. In addition, patients with inva-
sive oxygen therapy had a higher BMI in contrast to 
patients without oxygen therapy (P<0.05).

studies on the association of gene polymorphisms of 
our interest.

We searched PubMed, Embase, Scopus, Cochrane 
Library as well as Google Scholar for relevant articles. 
Searches of electronic databases were conducted us-
ing the terms “ACE2”, “TMPRSS2”, “TMPRSS11A”, 
“CD147”, “COVID-19”, “SARS-CoV-2”, and “poly-
morphism”. The selected articles were analyzed to 
contain primary data, inclusion and exclusion crite-
ria, number of patients, demography, the proportion 
of gene alleles, and genotypes. The extracted data in-
cluded the study design, patient data, polymorphism 
frequencies, and statistical analysis. Three reviewers 
independently determined the study eligibility and 
extracted the data. Since we included fewer than 10 
studies for each gene, we did not use a funnel plot to 
assess the publication bias.

2.4 Statistical analysis

The tmprss2, tmprss11a, and cd147 (rs8259) 
polymorphisms were analyzed for deviation of 
Hardy-Weinberg equilibrium by Pearson’s χ2. Because 
ace2 is located on the X chromosome, this equilibrium 
was assessed only for females. The expected and ob-
served heterozygosity was calculated by POPGENE 
(Version 1.32). Fisher’s exact test or χ2 test with Yates’s 
correction was used to compare the genotypic and 

Table 1. Characteristics of the studied population.

Variables
Control subjects,

n=92

COVID-19 patients

Without oxygen therapy,
n=62

Non-invasive oxygen 
therapy,

n=92
Invasive oxygen therapy,

n=35

Sex, n (%)
- Male
- Female

 46 (50.0)
 46 (50.0)

25 (40.3)
37 (59.7)

36 (39.1)
56 (60.9)

15 (42.9)
20 (57.1)

Age, years
mean (SD)

40.36 (6.84) 53.34 (12.79)

P<0.05

62.55 (12.39)

P<0.05
P1<0.05

63.71 (10.76)

P<0.05
P1<0.05

BMI, kg/m2

mean (SD)
 29.25 (1.61) 29.81 (2.08) 30.07 (2.04)

P<0.05

31.06 (2.12)

P<0.05
P1<0.05

Note: P – comparison with control subjects; P1 – comparison with COVID-19 patients without oxygen therapy.
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Iberian population in Spain. There was a significant 
difference in the frequency of tmprss2 polymorphism 
between the Ukrainian population and the Tuscany 
population in Italy. Similarly, the Ukrainian popula-
tion had statistically significant differences in the fre-
quency of tmprss11a polymorphism from the Iberian 
population and no differences from the North Indian, 
Iranian, Northern and Western European populations.

For ace2 rs4240157, there were no differences 
between the Ukrainian population and that of the 
Northern and Western Europe as well as the Iberian 
population in Spain.

The Ukrainian population had no differences in 
the frequencies of cd147 polymorphisms from the Pol-
ish, Iberian in Spain, Northern and Western European 
populations. At the same time, there were statistically 
significant differences in the frequencies of cd147 poly-
morphisms in the Ukrainian population and Chinese 
populations, where the A allele was prevalent with the 
exception of Han Chinese populations.

At the next step of the study, we identified 8 
non-duplicate citations with the data of allele frequen-
cies and genotype distribution of tmprss2, tmprss11a, 
ace2, and cd147 in the Ukrainian and non-Ukrainian 
populations of patients with COVID-19. In recent 
publications, there were no data about the association 
of tmprss11a rs353163 and cd147 rs8259 polymor-
phisms with COVID-19 severity. 4 studies were sub-
sequently excluded because they were critical appraisal 
articles, and 4 studies of the Indonesian, German, 
and Saudi Arabian populations were included in the 
analysis of tmprss2 rs12329760 and, ace2 rs4240157 
polymorphisms distributions. We used the data of 
appropriate population controls where it was needed 
(Table 4). We also agreed on the data on the severity 
of COVID-19 among all the cited sources.

Initially, we compared the frequencies of tmprss2 
rs12329760 polymorphism between the Ukrainian, 
Indonesian, German and Italian populations. There 
were no differences in the frequencies of this polymor-
phism between the Ukrainian, German and Italian 
populations. In contrast, in the Indonesian population, 
the T allele was more common than in other investi-
gated populations.

There were no statistically significant differ-
ences in the frequencies of tmprss2 rs12329760 

3.2 Frequencies of tmprss2 rs12329760, tmprss11a 
rs353163, ace2 rs4240157, and cd147 rs8259 
polymorphisms in the studied populations

The observed tmprss2, tmprss11a, ace2, and cd147 
genotype distributions were not significantly different 
from those in the Hardy-Weinberg equilibrium in all 
studied populations.

There was a statistically significant difference in 
the frequency of the tmprss2 polymorphism, i.e., CC, 
CT, and TT genotypes, in the group of COVID-19 
patients with invasive oxygen therapy (P=0.03) in con-
trast to the group with non-invasive oxygen therapy. 
There were no significant differences in the frequencies 
of tmprss11a, ace2, and cd147 polymorphisms between 
the groups of COVID-19 patients and control subjects 
(Table 2).

3.3 Meta-analysis of tmprss2 rs12329760, tmprss11a 
rs353163, ace2 rs4240157, and cd147 rs8259 
polymorphisms in the Ukrainian and non-Ukrainian 
populations with COVID-19

At the first stage, our searches of the allele fre-
quencies and the genotype distributions of tm-
prss2, tmprss11a, ace2, and cd147 in the Ukrainian 
and non-Ukrainian populations identified 24 non-
duplicate citations of which 15 were deemed eligible 
for inclusion based on their titles and abstracts. Eight 
studies were subsequently excluded because they were 
critical appraisal articles (Fig. 2).

Finally, 7 studies involving 3217 subjects from 
the Polish, Northern and Western European, Ibe-
rian (Spain), Tuscany (Italy), North Indian, Iranian, 
Jiangsu Chinese, Han Chinese, and Chinese popula-
tions were included in the analysis of investigated pol-
ymorphisms distribution. The choice of populations 
depended on geographic proximity or the availability 
of population-specific COVID-polymorphism associ-
ation studies. The comparison of allele frequencies and 
genotype distribution of tmprss2, tmprss11a, ace2, and 
cd147 between The Ukrainian and other populations is 
shown in Table 3.

There were no differences in the frequencies of 
tmprss2 polymorphism between the Ukrainian and 
Northern and Western European populations or the 
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Table 2. Allele frequency and genotype distribution of the tmprss2 rs12329760, tmprss11a rs353163, ace2 rs4240157, and cd147 
rs8259 polymorphisms, n (%).

Control subjects,
n=92

COVID-19 patients

Without oxygen 
therapy,

n=62

Non-invasive oxygen 
therapy,

n=92

Invasive oxygen 
therapy,

n=35
tmprss2 rs12329760
Genotype Distribution, n (%)

CC 56 (60.9) 38 (61.3) 52 (56.5) 20 (57.1)
CT 33 (35.9) 20 (32.3) 38 (41.3) 10 (28.6)
TT 3 (3.2) 4 (6.4) 2 (2.2) 5 (14.3)

P<0.05
CT+TT 36 (39.1) 24 (38.7) 40 (43.5) 15 (42.9)

Allele Frequency, n (%) 50 (71.4)
C 145 (78.8) 96 (77.4) 142 (77.2) 20 (28.6)
T 39 (21.2) 28 (22.6) 42 (22.8)

tmprss11a rs353163
Genotype Distribution, n (%)

CC 43 (46.7) 26 (41.9) 44 (47.8) 16 (45.7)
CT 37 (40.2) 29 (46.8) 41 (44.6) 16 (45.7)
TT 12 (13.1) 7 (11.3) 7 (7.6) 3 (8.6)
CT+TT 49 (53.3) 36 (58.1) 48 (52.2) 19 (54.3)

Allele Frequency, n (%)
C 123 (66.8) 81 (65.3) 129 (70.1) 48 (68.6)
T 61 (33.2) 43 (34.7) 55 (29.9) 22 (31.4)

ace2 rs4240157
Genotype Distribution, n (%)

CC 7 (7.6) 4 (6.5) 8 (8.7) 2 (5.7)
C− 17 (18.5) 10 (16.1) 15 (16.3) 5 (14.3)
CT 21 (22.8) 22 (35.5) 22 (23.9) 10 (28.6)
TT 18 (19.6) 11 (17.7) 26 (28.3) 10 (28.6)
T− 29 (31.5) 15 (24.2) 21 (22.8) 8 (22.8)

CT+TT+T− 68 (73.9) 48 (77.4) 69 (75.0) 28 (80.0)
Allele Frequency, n (%)

C 52 (37.7) 40 (40.4) 53 (35.8) 19 (33.3)
T 86 (62.3) 59 (59.6) 95 (64.2) 38 (66.7)

cd147 rs8259
Genotype Distribution, n (%)

TT 56 (60.9) 36 (58.1) 52 (56.5) 22 (62.9)
AT 30 (32.6) 23 (37.1) 36 (39.1) 11 (31.4)
AA 6 (6.5) 3 (4.8) 4 (4.4) 2 (5.7)
AT+AA 36 (39.1) 26 (41.9) 40 (43.5) 13 (37.1)

Allele Frequency, n (%)
T 142 (77.2) 95 (76.6) 140 (76.1) 55 (78.6)
A 42 (22.8) 29 (23.4) 44 (23.9) 15 (21.4)

Note: P – comparison with non-invasive oxygen therapy.
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Figure 2. The Preferred Reporting Items for Meta-Analysis flow diagram.

polymorphism between the mild, moderate, and 
severe course of COVID-19 in the Indonesian and 
German populations. In the Italian population, 
there was a significantly higher prevalence of the 
CC genotype over the combined CT+TT geno-
type in severe COVID-19 patients as compared to 
mild patients.

In addition, we observed statistically significant 
differences in the frequencies of tmprss2 polymorphism 
among COVID-19 patients between the Indonesian 
population and German/Italian populations due to the 
populational distribution of the C and T alleles.

We found only one article about ace2 rs4240157 
polymorphism associated with the severity of 
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Table 3. Allele frequency and genotype distribution of the polymorphisms of tmprss2 rs12329760, tmprss11a rs353163, ace2 
rs4240157, cd147 rs8259 in different populations, n (%).

Population Genotypes and alleles frequencies

tmprss2 rs12329760

CC CT TT CT+TT C T

Ukrainian population,
n=92

56 (60.9) 33 (35.9) 3 (3.2) 36 (39.1) 145 (78.8) 39 (21.2)

Northern and Western 
European population,
n=99
(16)

56 (56.6) 40 (40.4) 3 (3.0) 43 (43.4) 152 (76.8) 46 (23.2)

Iberian population in 
Spain, n=107
(16)

73 (68.2) 30 (28.0) 4 (3.7) 34 (31.8) 176 (82.2) 38 (17.8)

Tuscany population in 
Italy, n=107
(16)

72 (67.3) 27 (25.2) 8 (7.5) 35 (32.7) 171 (79.9) 43 (20.1)

P1<0.05

tmprss11a rs353163

Ukrainian population,
n=92

43 (46.7) 37 (40.2) 12 (13.1) 49 (53.3) 123 (66.8) 61 (33.2)

North Indian population,
n=310
(17)

132 (42.6) 151 (48.7) 27 (8.7) 178 (57.4) 415 (66.9) 205 (33.1)

Iranian population,
n=250
(18)

130 (52.0) 101 (40.4) 19 (7.6) 120 (48.0) 361 (72.2) 139 (27.8)

Northern and Western 
European population,
n=99
(19)

42 (42.4) 43 (43.4) 14 (14.1) 57 (57.6) 127 (64.1) 71 (35.9)

Iberian population in 
Spain, n=107
(19)

44 (41.1) 46 (43.0) 17 (15.9) 63 (58.9) 134 (62.6) 80 (37.4)

P2<0.05

ace2 rs4240157

CC C− CT TT T− CT+TT+T− C T

Ukrainian population,
n=92

7 (7.6) 17 (18.5) 21 (22.8) 18 (19.6) 29 (31.5) 68 (73.9) 52 (37.7) 86 (62.3)

Northern and Western 
European population,
n=99
(20)

11 (11.1) 11 (11.1) 24 (24.2) 15 (15.2) 38 (38.4) 77 (77.8) 57 (38.3) 92 (61.7)

Iberian population in 
Spain,
n=107
(20)

10 (9.3) 17 (15.9) 19 (17.8) 24 (22.4) 37 (34.6) 80 (74.8) 56 (35.0) 104 (65.0)
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Population Genotypes and alleles frequencies

cd147 rs8259

TT AT AA AT+AA T A

Ukrainian population,
n=92

56 (60.9) 30 (32.6) 6 (6.5) 36 (39.1) 142 (77.2) 42 (22.8)

Polish population,
n=135
(21)

78 (57.8) 49 (36.3) 8 (5.9) 57 (42.2) 205 (75.9) 65 (24.1)

Jiangsu Chinese 
population,
n=851
(15)

109 (12.8) 406 (47.7) 336 (39.5) 742 (87.2) 624 (36.7) 1078 (63.3)

P1<0.001
P3<0.001
P4<0.001

P1<0.001
P3<0.001
P4<0.001

P1<0.001
P3<0.001
P4<0.001

Chinese population,
n=1107
(22)

156 (14.1) 529 (47.8) 422 (38.1) 951 (85.9) 841 (38.0) 1373 (62.0)

P1<0.001
P3<0.001
P4<0.001

P1<0.001
P3<0.001
P4<0.001

P1<0.001
P3<0.001
P4<0.001

Han Chinese population,
n=251
(23)

106 (42.2) 114 (45.4) 31 (12.4) 145 (57.8) 326 (64.9) 176 (35.1)

P1<0.05
P3=0.008
P4=0.008
P5<0.001
P6<0.001

P1=0.008
P3<0.001
P4<0.001
P5<0.001
P6<0.001

P1=0.003
P3<0.001
P4<0.001
P5<0.001
P6<0.001

Northern and Western 
European population,
n=99
(24)

58 (58.6) 36 (36.4) 5 (5.0) 41 (41.4) 152 (76.8) 46 (23.2)

Iberian population in 
Spain, n=107
(24)

50 (46.7) 43 (40.2) 14 (13.1) 57 (53.3) 143 (66.8) 71 (33.2)

P5<0.001
P6<0.001

P5<0.001
P6<0.001

P1<0.05
P3<0.05
P4<0.05

P5<0.001
P6<0.001

Note: P1 − comparison with the Northern and Western European population, P2 − comparison with the Iranian population, P3 − comparison with the 
Ukrainian population, P4 − comparison with the Polish population, P5 − comparison with the Jiangsu Chinese population, P6 − comparison with the 
Chinese population, P7 − comparison with the Han Chinese population. We used population names as given in 1000 Genomes Project Phase 3 (16).

COVID-19. In the Saudi Arabian population, a high 
prevalence of alleles C was associated with severe 
COVID-19. In addition, the prevalence of the T allele 
in the Saudi Arabian population was higher than in 
the Ukrainian population (P<0.05).

4. Discussion and conclusions

Despite the fact that SARS-CoV-2 spike protein 
had a strong binding affinity to the ACE2 extracellular 

domain, the cell entry and viral proliferation might be 
observed throughout other membrane molecules, such 
as TMPRSS2, TMPRSS11A, and CD147 (6, 29).

To understand the genetic background of com-
plex phenotypes in human populations, researchers 
commonly assess correlation with allele frequency 
(30, 31). This approach has identified a correlation 
between ancestral genetic composition and the case 
fatality rate of COVID-19 (31).

TMPRSS2 protein is composed of a small cy-
toplasmic region (aa 1-121), a transmembrane helix  



Acta Biomed 2023; Vol. 94, N. 1: e202303010

Table 4. Allele frequency and genotype distribution of the polymorphisms of tmprss2 rs12329760, ace2 rs4240157 in different 
populations of patients with COVID-19, n (%).

Population
Genotype, 

allele
Population control / 

Control subjects Asymptomatic Mild Moderate Severe
tmprss2 rs12329760

Ukrainian 
population,
n=281

CC
CT
TT

C
T

56 (60.9)
33 (35.9)
3 (3.2)

145 (78.8)
39 (21.2)

− 38 (61.3)
20 (32.3)
4 (6.4)

96 (77.4)
28 (22.6)

52 (56.5)
38 (41.3)
2 (2.2)

142 (77.2)
42 (22.8)

20 (57.1)
10 (28.6)
5 (14.3)
P1<0.05
50 (71.4)
20 (28.6)

Indonesian 
population,
n=95
(25)

CC
CT
TT

C
T

49 (49.5)*
36 (36.4)
14 (14.1)
P3<0.05

134 (67.7)
64 (32.3)

8 (38.1)
7 (33.3)
6 (28.6)

23 (54.8)
19 (45.2)

4 (33.3)
5 (41.7)
3 (25.0)

13 (54.2)
11 (45.8)
P3<0.05

17 (53.1)
11 (34.4)
4 (12.5)

45 (70.3)
19 (29.7)

13 (43.4)
10 (33.3)
7 (23.3)

36 (60.0)
24 (40.0)

German population,
n=478
(26)

CC
CT
TT

C
T

56 (56.6)**
40 (40.4)
3 (3.0)

P4<0.05
152 (76.8)
46 (23.2)

− 139 (58.2)
84 (35.1)
16 (6.7)
P4<0.05

362 (75.7)
116 (24.3)

P4<0.05

91 (55.5)
61 (37.2)
12 (7.3)

243 (74.1)
85 (25.9)

48 (64.0)
23 (30.7)
4 (5.3)

P4<0.05
119 (79.3)
31 (20.7)
P4<0.05

Italian population, 
n=1177
(27)

CC
CT+TT

72 (67.3)***
35 (32.7)
P4<0.05

− 313 (64.0)
176 (36.0)

− 482 (70.0)
206 (30.0)

P2<0.05
P4<0.05

ace2 rs4240157
Ukrainian 
population,
n=281

CC
C−
CT
TT
T−
C
T

7 (7.6)
17 (18.5)
21 (22.8)
18 (19.6)
29 (31.5)
52 (37.7)
86 (62.3)

− 4 (6.5)
10 (16.1)
22 (35.5)
15 (24.2)
11 (17.7)
40 (38.8)
63 (61.2)

8 (8.7)
15 (16.3)
22 (23.9)
26 (28.3)
21 (22.8)
53 (35.8)
95 (64.2)

2 (5.7)
5 (14.3)
10 (28.6)
10 (28.6)
8 (22.8)
19 (33.3)
38 (66.7)

Saudi Arabian pop-
ulation, n=217
(28)

CC
CT
TT

C
T

10 (10.0)
31 (31.0)
59 (59.0)
P3<0.05
51 (25.5)
149 (74.5)

P3<0.05

− − − 29 (24.8)
47 (40.2)
41 (35.0)

P5=0.0007
105 (44.9)
129 (55.1)
P5<0.001

Note: Data provided from: * – the Vietnamese population, ** – the Northern and Western European population, *** – the Tuscany population in 
Italy [16]; P1 – comparison with the moderate course, P2 – comparison with the mild course, P3 – comparison with the Ukrainian population,  
P4 – comparison with the Indonesian population, P5 – comparison with population control / control subjects.

(aa 122-142), and an extracellular region (aa 143-529). 
In turn, the latter is composed of three domains, the 
LDL-receptor-like domain (aa 149-186), the SRCR-like 
domain (aa 187-279), and the peptidase domain (aa 293-
526). It is regulated by androgenic hormones in vivo (32).

Genetic determinants of susceptibility and/or se-
verity of COVID-19 have been sought in TMPRSS2 
in Whole-Exome Sequencing studies (33, 34).

Vargas-Alarcón G. et al. (35) identified a poten-
tially disruptive polymorphism in the tmprss2 gene 
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We observed significant differences in the fre-
quency of CC, CT, and TT genotypes in the groups 
of COVID-19 patients with non-invasive (moder-
ate severity) and invasive (severe course) oxygen 
therapy. The frequency of the T allele was higher in 
COVID-19 patients with invasive (severe course) 
oxygen therapy in the Ukrainian population. In the 
Indonesian (25) and German (26) populations, there 
were no differences in the frequency of CC, CT, and 
TT genotypes in the groups of COVID-19 patients. 
In contrast, Monticelli et al. (2021) found the differ-
ences in the frequency of CC and CT+TT genotypes 
in the groups of Italian COVID-19 patients with 
the mild and severe course of the disease (P<0.05). 
The frequency of the CC genotype was higher in 
COVID-19 patients with invasive (severe course) ox-
ygen therapy as against the group of patients without 
oxygen therapy (mild course).

TMPRSS11A is another important molecule, 
which might promote virus entry into the cells. 
TMPRSS11A is a type II transmembrane serine 
protease expressed on the surface of airway epithe-
lial cells, which has been shown to cleave and acti-
vate spike proteins of the severe acute respiratory 
syndrome (SARS) and MERS coronaviruses. TM-
PRSS11A was able to cleave the SARS-CoV-2 spike 
protein (43, 44). TMPRSS11A is a novel age-altered, 
tissue-specific regulator of migration and wound heal-
ing. Its levels increase with age in the skin and gingi-
val tissue. Overexpression of TMPRSS11A decreases 
cell migration and spreading, and induces cellular 
senescence. TMPRSS11A interacts with integrin β1 
and influences cell migration. In the coding sequences 
of tmprss11a, one probably-damaging polymorphism 
was detected. This polymorphism rs353163 C>T pro-
duced a change of amino acid and led to the nonsyn-
onymous substitution, namely to Arg290Gln. Arg290 
was predicted to undergo a translational modification 
(35, 45).

We are the first to inform about the genotype 
distribution of tmprss11a rs353163 in the Ukrainian 
population: CC – 46.7%, CT – 40.2%, TT – 13.1%; 
allele C – 66.8%, and T – 33.2%. This distribution was 
similar to the North Indian (17), Iranian (18), North-
ern and Western European, and Iberian populations 
in Spain (19). There were no significant differences 
in the frequency of CC, CT, and TT genotypes in all 

(rs12329760), whose minor allele frequencies of which 
varied between populations (American, African, Eu-
ropean and Asian). This mutation (V197M) occurs 
not in the catalytic domain but in the SRCR domain, 
which is probably needed for protein-protein interac-
tion (36). Structural and energy calculation analysis of 
V197M amino acid change showed that it destabilizes 
the TMPRSS2 protein, possibly negatively affecting 
its ACE2 and viral spike protein processing (37).

Our study is the first to describe the genotype 
distribution of tmprss2 rs12329760 in the Ukrainian 
population: CC – 60.9%; CT – 35.9%; TT – 3.2%; 
CT+TT – 39.1%; C – 78.8%; and T – 21.2%. This distri-
bution is similar in the Northern and Western European 
as well as the Tuscany population in Italy (16).

In contrast, in the Indonesian population, we ob-
served statistically significant differences in the geno-
type distribution: CC – 49.5%; CT – 36.4%; and TT 
– 14.1%. This data went in parallel with the observation 
that the prevalence of missense mutations represented 
by rs12329760 varied between 10 and 65%, with the 
Asian population showing a significantly higher fre-
quency than European populations (38).

At the beginning of our study, selected patients 
with COVID-19 were divided into three clinical 
groups according to the need for oxygen: patients 
without oxygen therapy, with non-invasive, and in-
vasive oxygen therapy. Additionally, the sub-group of 
patients who died was selected from the group with 
invasive oxygen therapy. We used such a severity scale 
because previously published articles applied different 
scales predominantly based on the hospitalization due 
to COVID-19, death, need for oxygen, and the type of 
ventilation. This scaling enabled us to compare our data 
with other published results of gene polymorphisms’ 
associations with COVID-19 severity (as shown in our 
meta-analysis). All COVID-19 patients had signifi-
cantly higher ages in comparison with control subjects, 
and patients who needed oxygen had higher ages than 
those without oxygen therapy. Patients with invasive 
oxygen therapy were also older than those with non-
invasive oxygen therapy. Similarly, oxygen-dependent 
COVID-19 patients had elevated BMI as compared to 
control subjects. The patients who died of COVID-19 
had the highest BMI. This data went in parallel with 
studies, which showed that aging and overweight were 
important risk factors for COVID-19 (39-42).
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the C allele. These differences might depend on the 
population peculiarities of special counts of genotypes 
and alleles in this study.

CD147 is a 58-kD cell surface glycoprotein of 
the immunoglobulin superfamily. It was originally de-
scribed on the surface of tumor cells, whereon it can 
induce the synthesis of MMPs. CD147 has recently 
been identified as a mere marker of inflammation (58). 
CD147 possesses a pivotal role in the complex pro-
cesses of atherogenesis, atheroprogression, and acute 
atherothrombosis; it is consistently associated with the 
risk of cardiovascular disease (15, 59).

CD147 (EMMPRIN) is the target receptor for 
COVID-19. It is expressed on several immune cells 
where it leads to induction of chemotactic cytokines 
(TNF-alpha, IL-10, IL-6), causes MM2, IL-9 induc-
tion, production of IFN-gamma (IL-18), T-cell acti-
vation, proliferation, invasion, adhesion, and energy 
activation (60, 61).

Wu et al. (62) genotyped SNPs at the CD147 lo-
cus and found that the 3’-untranslated region (3’-UTR) 
T/A rs8259 SNP modified the association correlation 
between CD147 expression and miRNA-492.

Over-expression of CD147 is involved in the 
pathogenesis of ACS. The cd147 3’-UTR rs8259 T 
allele may be a protective factor for ACS, its poly-
morphism can affect the CD147 protein expression in 
ACS patients (63).

We investigated genotype distribution of cd147 
rs8259 polymorphism in the Ukrainian population: 
TT – 60.9%, AT – 32.6%, AA – 6.5%; (AT+AA) – 
39.1%; the T allele – 77.2%, allele A – 22.8%. This 
data was similar to that of Polish, Northern and 
Western European populations. At the same time, 
there were significant differences in the Asian popu-
lation ( Jiangsu Chinese, Han Chinese, and Chinese) 
where the A allele had a higher distribution. There 
were no significant differences in the frequency of 
cd147 rs8259 polymorphism in all groups of Ukrain-
ian COVID-19 patients. Unfortunately, in the lit-
erature, we did not find any information about cd147 
rs8259 association with sensitivity and severity of 
COVID-19.

Taken together, our data showed that out of all 
investigated genes, only polymorphism of tmprss2 
rs12329760 was associated with severe COVID-19.

groups of Ukrainian COVID-19 patients. During the 
literature analysis, we did not find information about 
tmprss11a rs353163 polymorphism association with 
sensitivity and severity of COVID-19.

Human ACE2 has emerged as the target for 
SARS-CoV-2 (46). ACE2, a type I transmembrane 
zinc finger glycoprotein, is a monocarboxypeptidase, 
which converts angiotensin 1 to angiotensin 1-9. 
The gene for ACE2 is present on chromosome X 
(47). The genetic polymorphism of the ace2 gene is 
well-known all over the world with racial and eth-
nic variation having varying influences on the altered 
functions of the RAAS pathway (48). The poly-
morphism of ace2 has been associated with arterial 
hypertension in different populations (49-51). The 
ace2 polymorphism has been associated with varying 
degrees of disease severity and clinical outcomes of 
COVID-19, with the absence of the D/D genotype 
conferring protection against severe lung involve-
ment (52). Controversial results were obtained in 
Asian patients (53).

Another ace2 polymorphism rs4240157 was also 
associated with arterial hypertension (54, 55), and type 
2 diabetes mellitus (56). Wooster et al. (57), reported 
that ace2 rs4240157 polymorphism is associated with 
COVID-19 disease severity as it might induce higher 
tissue-specific expression of ace2, resulting in the hos-
pitalization of COVID-19 patients.

Our study is the first to investigate the genotype 
distribution of ace2 rs4240157 in the Ukrainian 
population: CC – 7.6%, (C-) – 18.5%, CT – 22.8%, 
TT – 19.6%, (T-) – 31.5%, CT+TT+(T-) – 73.9%, al-
lele C – 37.7%, and T – 62.3%. This data was similar to 
the distribution of this polymorphism in the Northern 
and Western European, and the Iberian populations in 
Spain (20). In contrast, in the Saudi Arabian popula-
tion, we observed significant differences in genotype 
and allele frequencies (28) with a high prevalence of 
T alleles.

There were no differences in the distribution of 
ace2 polymorphism in all groups with different severity 
of COVID-19 in the Ukrainian population. In contrast, 
in the Saudi Arabian population, there were differ-
ences between control subjects and patients with se-
vere COVID-19. The patients with severe COVID-19 
had high frequencies of the CC, CT genotypes, and 
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a longitudinal population-based study design should 
be provided to receive information on COVID-19 
susceptibility.

Our study indicated the presence of an associa-
tion between the tmprss2 rs12329760 polymorphism 
and the severity of COVID-19 in the Ukrainian popu-
lation. It seems that patients with severe COVID-19 
had the TT genotype more often than those with 
moderate COVID-19.
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