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ABSTRACT

The aim of the research is to study the prevalence and to determine the prognostic significance of polymorphism ARG753GLN of the TLR-2 gene, Leu412Phe of TLR-3, Asp299Gly
of TLR-4in influenza.

Materials and methods: 112 patients with influenza were examined (63 patients with uncomplicated course and 49 with influenza-associated pneumonia). The genotyping
of the polymorphic site of ARG753GLN of the TLR-2 gene, Asp299Gly of the TLR-4 gene, and Leu412Phe of the TLR-3 gene was carried out by polymerase chain reaction using
oligonucleotide primers.

Results: It has found that the prevalence of the mutant allele 299Gly of TLR-4 in patients with uncomplicated influenzais 6.4 %, with influenza- associated pneumonia —7.1 %,
which exceeds the population control indicators by 3.8-4.3 times (1.7 %, p<0.05). Mutant allele 412Phe of TLR-3 is significantly more common in patients with influenza-
associated pneumonia (42.9%), as compared with uncomplicated influenza (24.6%, p<0.01) and healthy people (30.0%, p<0.05). The increased risk of influenza development
is associated with the Asp/Gly genotype of TLR-4 (0R=4.22) and combination of mutant genotypes Leu/Phe and Phe/Phe of TLR-3 with Asp/Gly of TLR-4 and Arg/GIn of TLR-2
(0R=15.0); influenza-associated pneumonia — with genotype Phe/Phe of TLR-3 (OR=4.5).

Condlusions: It has been found out that among patients with influenza and influenza-associated pneumonia, the mutant allele 299Gly of TLR-4 and combinations of
polymorphisms Arg753GIn of TLR-2, Leu412Phe of TLR-3, Asp299Gly of TLR-4 are detected reliably more often. The frequency of the mutant allele 412Phe of TLR-3 is higher
among patients with influenza-associated pneumonia. Markers of increased risk of influenza are 299Gly allele and genotype Asp/Gly of TLR-4 and the combination of mutant
genotypes Leu/Phe and Phe/Phe of TLR-3 with Asp/Gly of TLR-4 and Arg/GlIn of TLR-2; for influenza-associated pneumonia — allele 412Phe and genotype Phe/Phe of TLR-3.
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INTRODUCTION
Influenza and other acute respiratory infections are the
most large-scale diseases that occupy the leading place in
the structure of infectious diseases and constitute up to
80-90% of all cases of infectious pathology [1]. According
to WHO estimates, each year, influenza globally afflicts up
to 500 million people, 2 million of whom die. The highest
number of fatal cases in influenza is due to complications,
the leading place (80-90%) among which belongs to pneu-
monia [2], that develops mainly in patients at risk (pregnant
women, patients with diabetes, obesity, chronic diseases of
the lungs and heart, people of senior age groups, etc.) [3,
4]. However, according to WHO, 30% of patients who were
previously considered healthy may also have severe and
complicated influenza, which necessitates further study of
factors affecting the course and sequelae of the disease [4].
It is known that the individual susceptibility of the body
to infections is determined by pathogenicity of a micro-
organism, factors of the environment and the state of the
immune system. It is the innate immune system that plays
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a crucial role in protecting the body from pathogens whose
recognition is based on the Toll-like (TLR) receptor family.
Excitation of TLR during the infection of the respiratory
tract leads to the activation of genes involved in the regu-
lation of the inflammatory process, the innate mechanisms
of protection against infectious agents, acquired immunity
[5]. The genes that control the type of immune response,
the sensitivity/resistance to the influenza, the propensity
to various forms of the course and development of com-
plications, include primarily the TLR-2, TLR-3, and TLR-4
genes [6]. These receptors are involved in the recognition
of the viral structural proteins and ligands of gram-positive
and gram-negative bacteria (TLR-2 and TLR-4), as well as
of dIRNA, which is the product of replication and transcrip-
tion of RNA- and DNA-genomic viruses (TLR-3) [7-9].
Recent studies have shown that the TLR dysfunction, as-
sociated with the polymorphism of their genes, leads to the
disturbance in the recognition of pathogens and imbalance
in the functioning of the congenital immunity system, thus
increasing the sensitivity to infections and determining the
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severity of the course of the infectious process, which acquires
the nature of the systemic inflammatory response [10].

Taking into account the data of scientific literature, which
indicates that susceptibility to infectious agents is geneti-
cally determined, the search for markers associated with
the development of influenza and its complications among
alleles of the TLR genes is a relevant task, the solution of
which will allow us to predict the severity of the course
and consequences of this pathology.

THE AIM

The aim of the research is to examine the prevalence and
determine the prognostic significance of polymorphism
Arg753GIn of the TLR-2 gene, Leu412Phe of the TLR-3
gene, Asp299Gly of the TLR-4 gene in influenza.

MATERIALS AND METHODS

In order to achieve this aim, 112 patients were examined, out
of them - 63 with uncomplicated course of the disease and
49 with influenza-associated pneumonia. The patients were
treated at the regional clinical infectious disease hospital
(Poltava, Ukraine), in the epidemiologic season of 2009-
2014, among them 55 women (49.1%), 57 men (50.9%),
aged from 17 to 61 years (mean age 34.4 + 1.38). Most of
the examined patients (76.8%) are young and middle-aged
people. The population control group to study the prevalence
of the Arg753GIn polymorphism of the TLR-2 gene and As-
p299Gly of TLR-4 was 90, for the Leu412Phe of TLR-3 - 80
apparently healthy residents of Poltava region.

The study included patients of both sexes, aged >18 years
with laboratory- diagnosed influenza, who did not belong
to the risk groups of the complications of this disease
(pregnant women, patients with diabetes mellitus, obesity,
chronic diseases of the lungs and heart, liver, kidneys, as
well as persons of elderly age groups, etc.). Exclusion crite-
ria were age <18 years, negative results of laboratory tests
(serological and molecular biology) for influenza, the pres-
ence of risk factors for the development of complications.

All studies were conducted after the signing of the in-
formed consent by patients. The study was approved by the
Commission on Ethical Issues and Bioethics of the Higher
State Educational Establishment of Ukraine «Ukrainian
Medical Stomatological Academy» (Approval No. 350).

Influenza was diagnosed on the basis of characteristic
clinical and epidemiological data and confirmed by the
results of laboratory tests (serological and molecular biolo-
gy). The A/HINI1 virus has been isolated in 39.3%, A/H3N2
—-in 35.7%, A/H2N2 - in 0.9%, B — in 21.4%. Mixed-forms
were represented by the combination of antigenic variants
of influenza A viruses (HIN1 + H3N2) (1.8%), A/HIN1
and B (0.9%) viruses that were registered in patients with
influenza-associated pneumonia.

The diagnosis of pneumonia was verified according to the rec-
ommendations of the European Respiratory Society (ERS, 2011)
and the Order of Ministry of Public Health of Ukraine No. 128
as of March 19, 2007 «On Approval of Clinical Protocols for the

Provision of Medical Service in the Specialty «Pulmonology».

To determine polymorphism ARG753GLN of TLR-2, As-
p299Gly of TLR-4, and Leu412Phe of TLR-3, we collected
the samples of patients peripheral blood (2 ml) in the vials
with ethylene diamine tetraacetic acid (EDTA) which were
stored at -20°C and transported for testing in the laboratory
(Research Institute of Genetic and Immunological Foun-
dations of Pathology and Pharmacogenetics, «Ukrainian
Medical Stomatological Academy» Poltava, Ukraine).
Genomic DNA was isolated using the «Kit for DNA/RNA
isolation from serum or plasma» (LitTech, Russia).

Polymorphic area Arg753Gln of the TLR-2 gene and
Asp299Gly of TLR-4 were amplified at the «Tertsik» am-
plifier (<DNA-technology», Russia), by PCR using specific
oligonucleotide primers for the TLR-2 gene: 753TLR2E,
5-GAGTGGTGCAAGTATGAACTGGA-3'; and 753TL-
R2R, 5'-TCCCAACTAGACAAAGACTGGTCT-3, for
TLR-4: 299TLR4E, 5-GATTAGCATACTTAGACTAC-
TACCTCCATG-3’;and 299TLR4R, 5°-GATCAACTTCT-
GAAAAAGCATTCCCAC-3.

The amplification programs for the TLR-4 and TLR-2
genes included: initial denaturation at 95°C for 5 minutes,
32 cycles: 95°C for 30 seconds, ignition at 58°C, 60 seconds,
chain elongation at 72°C, 60 seconds, the program was
completed with final elongation at 72°C, 3 min.

To identify the alleles of the TLR-4 gene, we applied
restriction analysis of amplicons using restriction endonu-
clease Bsp19 (SibEnzim, Russia), for TLR-2 — endonuclease
restriction Pst I (SibEnzim, Russia) at 37°C. As a result of the
restriction, fragments of 263 bp and 222 bp were obtained for
the Asp299Gly polymorphism and 300 bp for Arg753GlIn.

To determine the alleles of the Leu412Phe polymorphic
site of the TLR-3, genomic DNA gene was isolated from
peripheral blood leukocytes using the reagent kit of <kDNA-
EXPRESS-blood» (LitTech, Russia). The amplification
program for the TLR-3 gene included initial denaturation
at 93°C for 60 seconds, 35 cycles: 93°10 seconds, ignition
at a specific temperature of 64°C for each pair of primers,
10 seconds, chain elongation at 72°C, 20 seconds, final
elongation at 72°C, 60 seconds.

The breakdown products of the polymorphic site of the
TLR-4, TLR-2 genes were detected by electrophoresis in
the 3% agarose gel in 1 TBE (50 mM tris-H,PO and 2 mM
EDTA, PH = 8.0), for 2 hours at a voltage of 2 V 1 cm of gel;
TLR-3 —in 1 x tris-acetate (TAE) buffer, prepared from 50
x TAE buffer (0.04M tris-acetate, 0.002M EDTA, pH = 8.3)
at a voltage of 10-15 V per 1 cm of gel. Gels were stained
with 1% solution of ethidium bromide with subsequent
visualization of the results in UV light.

In mathematical processing of the data, we used the
software «Statistica for Windows 7.0» (StatSoft Inc, USA)
and MS Excel. The distribution of investigated polymor-
phic genotypes was checked for compliance with the Har-
dy-Weinberg equilibrium using the x> criterion. Compari-
son of the frequencies of genotypes and alleles between the
studied groups was conducted using Fisher’s exact test. The
differences were considered reliable at p<0.05. The relative
risk of disease and complications were evaluated using OR
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Table 1. Distribution in frequencies of genotypes and alleles of the Leu412Phe polymorphism of the TLR-3 gene among patients with influenza, influenza-

associated pneumonia and healthy subjects, abs. number (%)

Groups of patients

Genotype and ey J
allz.'laes subjects uncomplicated influenza-associated ps< OR (95 % CI)
n=80 influenza pneumonia
n=63 n=49
0.2403 a 1.53(0.79-2.97) a
Leu/Leu 36 (45.0) 35 (55.5) 16 (32.7) 0.1973 b 0.59(0.28-1.24) b
0.0216d 0.39(0.18-0.84) d
0.2399 a 0.66 (0.34-1.28) a
Leu/Phe 40 (50.0) 25(39.7) 24 (48.9) 0.9999 b 0.96 (0.47-1.95) b
0.3437d 1.46 (0.69-3.1)d
1.00a 0.95(0.2-4.41) a
Phe/Phe 4(5.0) 3(4.8) 9(18.4) 0.0309 b* 4,28 (1.24-14.75) b
0.0299 d* 45(1.15-17.65)d
95 56 0.3519a 1.31(0.77-2.23) a
Leu 112 (70.0) (75.4) (57.1) 0.0434 b 0.57 (0.34-0.96) b
’ ’ 0.0042d 0.44 (0.25-0.77) d
0.3519a 0.76(0.45—-1.29) a
48 31 42
Phe 0.0434 b* 1.75(1.04-2.95) b
(30.0) (24.6) (42.9) 0.0042 d* 2.3(1.3-4.06) d

Note: hereandinTable 1,2, pis the level of significance obtained by Fischer’s exact test for differences in the frequencies of genotypes and alleles between:
a — healthy subjects and patients with uncomplicated influenza; b — healthy subjects and patients with influenza-associated pneumonia; d — patients

with uncomplicated influenza and influenza-associated pneumonia.

rate with defining 95% confidence interval (CI). The indi-
cator OR=1 was considered as a lack of association; OR>1
— as a positive association (“predisposition”), OR<1 —as a
negative association of allele or genotype with the disease.

RESULTS AND DISCUSSION

As a result of the molecular-genetic examination of
112 patients with influenza, the following genotypes of
the studied TLRs were obtained: TLR-2 — GIn753Gln,
Arg753Gln; TLR-3 — Leu412Leu, Leu412Phe, Phe412P-
he; TLR-4 — Asp299Asp, Asp299Gly. The distribution of
genotypes corresponded to the expected Hardy-Weinberg
equilibrium in the groups of patients with influenza, in-
fluenza-associated pneumonia and healthy people for all
investigated polymorphic loci.

In analyzing the results of the study, it was found that
among the patients with influenza, the Leu412Phe poly-
morphism of the TLR-3 gene, Asp299Gly of TLR-4, as
well as their combination with Arg753Gln of TLR-2 were
determined more often, as compared with apparently
healthy ones. Distribution in frequencies of genotypes and
alleles of the Leu412Phe polymorphism of TLR-3 among
the examined groups are presented in Table 1.

As can be observed from the data presented in Table 1, the
prevalence of the mutant homozygous genotype Phe/Phe
of TLR-3 and allele 412Phe was significantly higher among
patients with influenza-associated pneumonia by 3.7 and 1.4
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times (p=0.03 and p=0.04), as compared with healthy subjects
and by 3.8 and 1.7 times (p=0.02 and p=0.004) — as compared
to patients with influenza. The presence of the 412Phe mutant
allele in the genome of patients with influenza and homozy-
gous genotype Phe/Phe by 2.3 and 4.5 times increases the risk
of influenza-associated pneumonia (OR=2.3;95% CI: 1.3-4.06
and OR=4.5; 95% CI: 1.15-17, 65, respectively).

A comparative analysis of the frequencies in genotypes
and alleles of the Asp299Gly polymorphism of the TLR-4
gene between the examined groups of patients and the
healthy subjects is presented in Table 2.

Regarding the Asp299Gly polymorphism of the TLR-4
gene, it has been found that frequency of the heterozygous
genotype Asp/Gly and the mutant allele 299Gly is higher
among patients with influenza by 3.8 (p<0.05), with in-
fluenza-associated pneumonia by 4.3 times (p=0.03), as
compared to healthy subjects. In carriers of the 299Gly
allele of the TLR-4 gene, there was a higher risk of influenza
by 4.0 times (OR=4.0; 95% CI: 1.04-15.39) than in those
with the Asp299Asp genotype.

When comparing the frequencies of genotype and alleles
of the Arg753GlIn polymorphism of TLR-2, there were no
statistically significant differences between the examined
groups. Frequency of the heterozygous genotype Arg/Gln
of TLR-2 among the patients with influenza was 4.8%,
influenza-associated pneumonia — 6.1%, healthy — 3.3%
(p>0.05), and the 753Arg alleles — 2.4%, 3.1% and 1.7%
(p>0.05) respectively.
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Table 2. Distribution of genotypes and alleles of the Asp299Gly polymorph
pneumonia and healthy subjects, abs. number (%)

ism of the TLR-4 gene among patients with influenza, influenza-associated

Groups of patients

Genotype Healthy
yP subjects uncomplicated influenza-associated p (F) OR (95 % CI)
and alleles . .
n=90 influenza pneumonia
n=63 n=49
0.0516a 0.24 (0.06-0.93) a
Asp/Asp 87 (96.7) 55(87.3) 42 (85.7) 0.0334b 0.21 (0.05-0.84) b
0.9999d 0.87 (0.29-2.6) d
0.0516 a* 4.22(1.07-16.59) a
Asp/Gly 3(3.3) 8(12.7) 7(14.3) 0.0324 b* 495 (1.22-20.13) b
0.9999d 1.15(0.38-3.41)d
Gly/Gly 0(0.0) 0(0.0) 0(0.0) 0 0
118 91 0.0561 a 0.25 (0.06-0.96) a
Asp 177 (98.3) (93.6) (92.9) 0.0367 b 0.22 (0.06-0.87) b
’ ’ 0.9999d 0.88(0.31-2.52)d
0.0561 a* 4(1.04-15.39) a
Gly 3(1.7) 8(6.4) 7(7.1) 0.0367 b* 454 (1.15-17.97) b
0.9999d 1.13(0.4-3.24)d

The absence of mutant homozygous genotypes
Arg753Arg of TLR-2 and Gly299Gly of TLR-4 was noted
for both patients with influenza and healthy subjects, which
corresponds to the data of scientific literature about the low
frequency of their prevalence in the population [11, 12].

Combinations of mutant genotypes of TLR-2, TLR-3,
TLR-4 was only registered in patients with influenza
(11.1%, p<0.01) and influenza-associated pneumonia
(14.3%, p<0.003), and it was not detected in healthy sub-
jects. Most (80.0%) combinations included polymorphical-
ly modified genotypes of TLR-3. The most common, both
among patients with influenza and influenza-associated
pneumonia, was the combination of the heterozygous
genotype Leu/Phe of TLR-3 with Asp/Gly of TLR-4 (6.3%
and 10.2% respectively).

It has been established that the presence of mutant geno-
types of TLR-3 in the genome in combination with TLR-2
and TLR-4 by 15.0 times (OR=15.0; 95% CI: 1.83-286.93)
increases the risk of influenza development in the carriers
of these mutations.

Thus, we have proved that the presence of PheLeu412
polymorphisms of the TLR-3 gene, Asp299Gly of TLR 4
and their combinations with Arg753GIn of TLR-2 make
it possible to predict the risk for development of influenza
and influenza-associated pneumonia. Previous studies
have shown that polymorphism of TLR genes causes
the predisposition to a variety of diseases, as well as the
severity of their course. Hence, at present, the Asp299Gly
polymorphism of the TLR-4 gene is associated with the
development of hematogenous osteomyelitis, systemic can-
didiasis, bronchial asthma, sepsis, caused by gram-negative
bacteria, respiratory viral infections in children [13-17].

The association between Arg753Gln of TLR-2 has been
established with increased risk for development of tuber-
culosis, acute rheumatic fever in children, septic shock,
caused by gram-positive bacteria, CMV-infections in

patients after liver transplantation [18-21]. In the study
by Nachtigall I. et al. [22], the connection between the
Arg753Gln polymorphism of the TLR-2 gene and the
Asp299Gly of the TLR-4 gene with rapid progression and
severe sepsis has been proven.

A number of scientific studies link the SNP Leu412Phe
polymorphism of TLR-3 with the development of subacute
sclerosing panencephalitis in the cortex, myocarditis and
dilated cardiomyopathy in enterovirus infection, severe
course of atypical pneumonia with the development of
GERD, induced by the coronavirus [23-25].

Thus, active research of genetic variability of TLR in
the last decade produces evidence that polymorphism of
single nucleotides through the formation of specific gene
alleles makes an important contribution to the individual
features of development of protective reactions, as well as
susceptibility to a variety of diseases.

CONCLUSIONS

1. The frequency of the Asp/Gly heterozygous genotype
of TLR-4 in patients with influenza constituted 12.7%,
with influenza-associated pneumonia - 14.3%, which
exceeded the indicators of population control by 3.8-4.3
times (3.3 %, p<0.05).

. The homozygous genotype Phe/Phe of TLR-3 in patients
with influenza-associated pneumonia was determined
with the frequency of 18.4 %, which exceeded the rates
of patients with uncomplicated influenza (4.8%, p=0.02)
and healthy subjects (5.0%, p=0.03).

. The combination of mutant genotypes of TLR-2, TLR-3,
TLR-4 was not detected in healthy subjects and was deter-
mined in patients with influenza and influenza-associated
pneumonia with the frequency from 11.1% to 14.3% (p<0.05).

4. The presence of polymorphically modified genotypes of

TLR-4, TLR-3 and their combinations with TLR-2 allows
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us to predict the risk for development of influenza and
influenza-associated pneumonia. Markers of increased
risk of influenza are the 299Gly allele and the Asp/Gly
genotype of TLR-4 (OR=4.0 and OR=4.22, respectively)
and the combination of mutant genotypes Leu/Phe and
Phe/Phe of TLR-3 with Asp/Gly of TLR-4 and Arg/GIn
of TLR-2 (OR=15.0); influenza-associated pneumonia

— the 412Phe allele and the Phe/Phe genotype of TLR-3
(OR=2.3 and OR=4.5, respectively).

REFERENCES

1

. Popov N.N., Volobueva 0.V., LyadovaT.I. Influenza (anthroponous, bird,
swine). Clinical presentation, treatment and prevention: methodical
recommendations. Kharkiv. 2009, p. 2—-3.

. Aleksandrova M.A Pneumonia as a complication of influenza. Russian
medical journal. 2006;2:90—95.

. Van Kerkhove M.D., Vandemaele K., Shinde V. Risk Factors for Severe
Outcomes Following the 2009 Influenza A (HTN1) Infection: A Global
Pairs Analysis. PLoS Med 2011, 8(7):€1001053. doi.org/10.1371/journal.
pmed.1001053.

4. WHO: Influenza (H1N1) 2009 Key issues for case management. 2011.

Available from: http: // www. euro. who. int/__ data/assets/pdf _
file/0007/132937/H 1 N 1_ Case — manag — summary -110120- EN
— VVE — CORRECTED. pdf.

. Sha Q,, Truong-Tran A.Q., Plitt J.R. et al. Activation of the Airway
Epithelial Cells by Toll-Like Receptor Agonists. J. Am Respir Cell Mol Biol
2004;31:358—364.

6. Tsigan V.N., lvanov A.M., Kamilova T.A. et al. Genetic polymorphism of

the immunogenic signal system. Journal of Infec. 2011;3(2):21-27.
. Drutska M.S., Belousov PV., Nedospasov S.A. Congenital recognition of
viruses. Mol Biol. 2011;45(1):7—19.

8. Barton G.M. Viral recognition by Toll-like receptors. Semin Immunol.

2007;19(1):33—40.

9. Kawai T., Akira S. The role of pattern-recognition receptors in

innate immunity: update is Toll-like receptors. Nat Immunol.
2010;11(5):373—384.

10. Agnese D.M., Calvano J.E., Hahm S.J. et al. Human toll-like receptor 4

1.

12.

13.

mutations but not (D14 polymorphisms are associated with an increased
risk of gram-negative infections. J. Infect. Dis. 2002;186:1522—1525.
Ferwerda B., McCallM.B., Alonso S. etal. TLR4 polymorphisms, infectious
diseases, and evolutionary pressure during migration of modern
humans. Proc Natl Acad Sci USA. 2007;104(42):16645—16650.

Ogus A.C., Yoldas B., Ozdemir T. et al. The Arg753GIn polymorphism of
the human Toll-like receptor 2 gene in tuberculosis disease. Respir Eur
J.2004;23:219-223.

Holmes C.L., Russell J.A., Walley K.R. Genetic polymorphisms in sepsis
and septic shock: Role in prognosis and potential for therapy free to
view. J. CHEST. 2003;124(3):1103—1115.

14. Montes A.H., Asens V., Alvarez V. et al. The TLR-4 (TLR-4 Asp299Gly)

15.

polymorphism is a risk factor for gram-negative and hematogenous
osteomyelitis. J. Clin. Exp. Immunol. 2006;143(3):404—413.

Van der Graa C.A., Netea M.G., Morre S.A. et al. Candida-specific INF-
gamma deficiency and toll-like receptor polymorphisms in patients
with chronic mucocutaneous candidiasis. J. Eur. Cytokine Netw.
2006;17(1):29.

16. Vovk Yu.A., Tkachenko 0.Ya., Izmaylova 0.V et al. The Asp299Gly

23

polymorphism of the TLR4 gene and the severe course of atopic bronchial
asthma in children. Clin Inmunol Allergol Infect. 2013;2:98—99.

28

17. Malezhik L.P,, Karpov N.I. Influence of Toll-4 (Asp299Gly) and Toll-6
(Ser 249Pro) receptor polymorphisms on the production of cytokines
in children, frequently contracting acute respiratory viral infections.
PhD-doctor. 2011;6(49):125—131.

18. Lorenz E., Mira JP, Cornish KL et al. A novel polymorphism in the toll-
like receptor 2 gene and its potential association with staphylococcal
infections. Infect Immun. 2000;68:6398—6401.

19. OgusA. ., Yoldas B., 0zdemir T. et. al. The Arg753GLn polymorphism of
the human toll-like receptor 2 gene in tuberculosis disease. Eur. Respir.
Respir. J. 2004;23:219—223.

20. Berdeli A., Celik, HA, Ozyurek R. et al. The TLR-2 gene Arg753GIn
polymorphism is strongly associated with acute rheumatic fever in
children. J. Mol. Med. 2005;83:535—541.

21. Kang SH, Abdel-Massih RC, Brown RA et al. Homozygosity for the toll-
like receptor 2 R753Q single-nucleotide polymorphism is a risk factor
for cytomegalovirus disease after the transplantation of the liver. J.
Infect. Dis. 2012;205:639—646.

22. Nachtigall 1., Tamarkin A., Tafelski S. Polymorphisms of the Toll-like
receptor 2 and 4 genes are associated with a faster progression and
a more severe course of sepsis in critically ill patients. J Int Med Res.
2014;42(1):93—-110.

23. Gorbea C., Makar K.A., Pauschinger M. et al. A role for Toll-like receptor
3 variants in host susceptibility to enteroviral myocarditis and dilated
cardiomyopathy. J. Biol Chem. 2010;285(30):23208—23223.

24. IshizakiY., Takemoto M., KiraR. etal. Association of the toll-like receptor
3 gene polymorphism with subacute sclerosing panencephalitis. J.
Neurovirol. 2008;14(6):486—491.

25. Tsai Wan-Yu, Ho Mei. Polymorphisms of Toll-like Receptor 3 (TLR3),
TNF Receptor-Associated Factor 6 (TRAF6), and Heme Oxygenase-1
(HO-1) are Associated with Clinical Severity of Severe Acute Respiratory
Syndrome. 2005. Available from: https://hdl.handle.net/11296/hv639n

Authors’ contributions:
According to the order of the Authorship

ORCID numbers:

Nataliia O. Pryimenko - 0000-0002-8265-1143
Tetiana M. Kotelevska - 0000-0001-7508-4876
Tetiana I. Koval - 0000-0003-2685-8665
Liudmyla M. Syzova - 0000-0002-8335-3295
Halyna M. Dubynska - 0000-0003-0950-8997
Igor P. Kaidashev - 0000-0002-4708-0859

Conflict of interest:
The Authors declare no conflict of interest

CORRESPONDING AUTHOR
Nataliia 0. Pryimenko

Department of Infectious Diseases with Epidemiology,
Ukrainian Medical Stomatological Academy,

23 Shevchenko Str., Poltava 36004, Ukraine,

tel: +380503054225

e-mail: pno.i@ukr.net

Received: 10.05.2019
Accepted: 15.11.2019



