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ABSTRACT

Theaim: s to study the efficacy of influenza vaccination for individuals with polymorphism Arg753GIn of TLR-2 gene, Leu412Phe of TLR-3 gene, and Asp299Gly
of TLR-4 gene.

Materials and methods: 66 people with mutant genotypes and normal distribution of alleles of TLR-2, TLR-3, TLR-4 genes, aged 18-63, were inoculated with anti-influenza
vaccine. The genotyping of Arg753GIn polymorphic site of TLR-2, Asp299Gly of TLR-4, and Leu412Phe of TLR-3 gene was carried out by polymerase chain reaction with
oligonucleotide primers usage. The immunological efficacy of vaccination was evaluated by seroconversion, seroprotection, and dynamics of mean geometric titers of antibodies.
Results: It has been established that individuals with mutant genotypes Arg/GIn of TLR-2, Leu/Phe, Phe/Phe of TLR-3, Asp/Gly of TLR-4 genes have a vaccinal response to
administering anti-influenza vaccine at the level of subjects with normal distribution of TLR alleles, as evidenced by the growth in dynamics of mean geometric titers of
antibodies to vaccine strains, the level of seroprotection and seroconversion. Clinical and epidemiological efficacy of vaccination in this category of people is characterized by:
reduction of ARI cases in the postvaccinal period by 2,0-3,0 times; prevention of pneumonia in all vaccinated subjects; decrease in the frequency of bronchitis by 2,5-3,8 times.
Conclusions: Effectiveness of influenza vaccination in individuals with Arg573GIn polymorphism of TLR-2, Leu412Phe of TLR-3, Asp299Gly of TLR-4 genes by immune and clinical
epidemiological parameters is determined at the level of vaccinated subjects with normal distribution of TLR-2, TLR-3, TLR-4 alleles. Specific influenza immunization of people

with polymorphic modified genotypes of TLR-2, TLR-3, TLR-4 genes can prevent the development of pneumonia and reduce the incidence of bronchitis.
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INTRODUCTION

Influenza and influenza-like diseases remain one of the
most urgent medical and social problems due to the high
specific occurrences of infectious pathology (80-90%), as
well as the risk of severe complications and exacerbations
of chronic diseases [1]. According to the assessment of
WHO influenza afflicts up to 500 million people, 2 million
of them die each year. The largest number of fatal influenza
cases is due to complications that predominantly affect the
patients at risk (pregnant women, people with diabetes,
obesity, chronic diseases of the lungs and heart, and persons
of advanced age groups) [2, 3].

According to the WHO experts, effective control of
influenza is possible only through mass immunization.
The intensity and nature of the immune response in vac-
cination depends on the functional state of the immune
system [4]. Nowadays, it is known that selective substitu-
tions in genomic DNA (single-nucleotide polymorphism)
lead to changes in the structure of TLR, thus disrupting
the recognition of pathogen-associated molecular struc-
tures, functioning of innate immunity and, consequently,
changing the immune response to infectious agents and
vaccination [5].
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In recent years, it has been found that recognition of
structural proteins of influenza virus involves TLR-2 and
TLR-4, and of viral RNA - TLR-3 [6-9]. Association of
polymorphisms Arg753Gln of TLR-2, Leu412Phe of TLR-
3, Asp299Gly of TLR-4 gene with the development of severe
influenza and influenza-associated pneumonia in patients
without generally accepted risk factors has been detected
[10-12]. However, the efficacy of specific prevention of
influenza in individuals with Arg753Gln polymorphism of
TLR-2, Leu412Phe of TLR-3, Asp299Gly of TLR-4 genes
has not been investigated and has become the subject of
our study.

THE AIM

The aim of the research is to study the efficacy of vaccina-
tion against influenza among people with polymorphism
Arg753Gln of TLR-2, Leu412Phe of TLR-3, Asp299Gly of
TLR-4 genes.

MATERIALS AND METHODS

To study the effectiveness of influenza vaccination among
people with polymorphism Arg753Gln of TLR-2, Le-
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u412Phe of TLR-3, Asp299Gly of TLR-4 genes, 66 people
aged 18-63 (mean age — 31.2 + 1.48) were inoculated with
anti-influenza vaccine, women - 48 (72.7%) men - 18
(27.3%). The vaccinated subjects did not have generally rec-
ognized risk factors for the development of complications
of influenza (pregnancy, obesity, diabetes, immunosup-
pressive disorders and chronic diseases of the lungs, heart,
kidneys, liver, etc.). As a result of their molecular genetic
examination, the following genotypes of the studied TLRs
were obtained: TLR-2 - GIn753Gln, Arg753Gln; TLR-3 -
Leud412Leu, Leu412Phe, Phe412Phe; TLR-4 - Asp299Asp,
Asp299Gly. The vaccinated patients with polymorphic
modified TLR genotypes were divided into as follows: Leu/
Phe of TLR-3 - 23, Phe/Phe of TLR-3, Asp/Gly of TLR-4
and combination of mutant genotypes of TLR-2, TLR-3,
TLR-4 - 6 each, Arg/Gln of TLR-2 - 5 people. The obtained
results were compared with those of 20 healthy individuals
with normal alleles distribution of TLR-2, TLR-3, TLR-4
genes, equivalent in terms of gender and age.

All studies were performed after signing the informed
consent. The work was approved by the Commission on
Ethical Issues and Bioethics of the Ukrainian Medical
Stomatological Academy.

Immunization was performed by standard method with
vaccine Influvac® (Solvay Pharmaceuticals, the Nether-
lands) containing relevant strains for epidemic seasons of
2011/2012, 2012/2013, 2013/2014. All examined patient
were vaccinated against influenza for the first time. Vac-
cination was carried out after the doctor’s examination.

The immune response to vaccination was evaluated in the
reaction of hemagglutination inhibition (RHGI) based on the
study of paired blood sera, collected prior to immunization
and 28 days after the administration of the vaccine. The com-
position of RHGI was carried out according to the standard
methodology with the use of diagnostic preparations «Dry
influenzal diagnosticum for the reaction of hemagglutina-
tion inhibition» (Russia). The immunological efficiency of
vaccination was estimated by seroconversion (the number of
increments of specific antibody titers was 4 times or more),
seroprotection (percentage of subjects with titers 1:40 and
higher after vaccination) and the dynamics of the level of the
mean geometric titers of antibodies. The analysis took into
account the initial level of anti-influenza antibodies.

Assessment of epidemiological and clinical effect of
vaccination was performed by comparing the number of
episodes of acute respiratory infections (ARI), the severity
of their progress and development of complications aris-
ing in the epidemic season. The period of 6 months after
vaccination was analyzed, as well as the same period of the
year before immunization.

Polymorphic region Arg753GIn of TLR-2, Leu412Phe
of TLR-3, Asp299Gly of TLR-4 genes were genotyped by
polymerase chain reaction using oligonucleotide primers.
The amplification was performed using «Tertsyk» amplifier
(«DNA-technology», Russia).

Mathematical processing of data was carried out by using
the software «STATISTICA for Windows 7.0» (StatSoft
Inc., USA) and MS Excel. The probability of differences

in the results of the studied groups was determined using
the Student’s t-criterion. When comparing the frequen-
cies of binary traits in two related groups, McNamara’s
criterion was used; in other cases, Fischer’s exact criterion
was applied. For all types of analysis, the differences were
considered statistically significant at p<0.05.

RESULTS

The study has shown that the condition of immunity be-
fore vaccination among all participants was characterized
by a high level of seroprotection with the highest level of
protection in individuals with mutant homozygous gen-
otype Phe/Phe of TLR-3, heterozygous Asp/Gly of TLR-4
and combination of mutations in TLR-2, TLR-3, TLR-4
genes - 83.3%-100.0% for all vaccine strains. Seronegative
to vaccination were individuals with normal distribution of
alleles of the studied TLRs (A/HIN1 and A/H3N2 - 10.0%
each, B - 5.0%) and heterozygous genotype Leu/Phe of
TLR-3 (A/HINI1 - 17.4%, B - 4.3%).

While studying immunological efficacy of vaccination,
it was found that 28 days after immunization, there was an
increase in the percentage of individuals with protective
antibody titer in all vaccinated individuals regardless the
initial level of influenza antibodies. Thus, after vaccination,
the percentage of individuals with protective antibody titers
among those who had the pre-vaccinal level of < 1:20 was:
with normal distribution of TLR alleles to serotype A/
HINI - 80.0%, A/H3N2 - 50.0%, with genotype Leu/Phe of
TLR-3 to A/HINI - 100.0%, A/H3N2 - 75.0%, B - 33.3%. It
should be noted that among the examined individuals with
mutant genotypes Phe/Phe of TLR-3, Asp/Gly of TLR-4,
Arg/Gln of TLR-2 and mutation combinations in TLR-2,
TLR-3, and TLR-4 genes, individuals with the initial titer
of < 1:20 were determined only for individual strains of
influenza, with a total of 100% protective levels of specific
antibodies after vaccination. By the level of seroprotection,
individuals with mutant genotypes and normal distribu-
tion of alleles of TLR-2, TLR-3, TLR-4 with a low initial
antibody titer (< 1:20) did not differ significantly.

While studying the level of seroprotection among the
examined groups in general (regardless of the initial level
of influenza antibodies) before and 28 days after vacci-
nation, the percentage of persons with protective titer in
all influenza strains was determined among vaccinated
individuals with both mutant genotype and normal dis-
tribution of alleles of TLR-2, TLR-3, TLR-4. At the same
time, the level of seroprotection was significantly higher
to A/HIN1 serotype in subjects with normal distribution
of alleles of TLR (95.0 + 4.9, before vaccination - 75.0 +
9.7, p<0.05) and genotype Leu/Phe of TLR-3 (100.0 + 2.1,
before vaccination - 69.6 + 9.6, p<0.005) and A/HIN1
- with genotype Arg/GlIn of TLR-2 (100.0 + 4.5, before
vaccination - 60.0 + 21.9, p<0.05).

The analysis of the seroconversion level showed that the
vaccine response among the individuals with polymorphic
modified genotypes of TLR-2, TLR-3, and TLR-4 did not
depend on the initial level of specific antibodies and was
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Tab. 1. Seroconversion level in individuals with mutant genotypes and normal distribution of alleles of TLR-2, TLR-3, TLR-4 with antibody titer before

vaccination < 1:20 and > 1:40, abs. number (%)

Number of people

Number of people

L. Number s L. Number
with titer cople with with titer cople with

TLR genotypes . Serotypes-of < 1:20 before peop . > 1:40 before ’: pn rsion

|nﬂuenza virus vaccination seroconversion vaccination seroconversio

abs % abs % abs % abs %

Normal distribution AZHINT 5 25.0 2 40.0 15 75.0 3 20.0
of TR alleles A/H3N2 4 200 2 50.0 16 80.0 3 18.7
(n=20) B 2 10.0 0 0.0 18 90.0 7 38.9
Leu/Phe of AZHINT 7 304 7 100.0* 16 69.6 8 50.0
TLR-3 A/H3N2 4 17.4 1 25.0 19 826 7 36.8
(n=23) B 6 26.1 0 0.0 17 73.9 3 17.6
Phe/Phe of AZHIN1 0 0.0 0 0.0 6 100.0 4 66.7
TLR-3 A/H3N2 0 0.0 0 0.0 6 100.0 2 333
(n=6) B 1 16.7 1 100.0 5 833 0 0.0
Asp/Gly of A/HIN1 1 16.7 1 100.0 5 833 1 20.0
TLR-4 A/H3N2 1 16.7 1 100.0 5 833 1 20.0
(n=6) B 1 16.7 1 100.0 5 833 0 0.0
Arg/Gln of A/HIN1 2 40.0 2 100.0 3 60.0 2 66.7
TLR-2 A/H3N2 0 0.0 0 0.0 5 100.0 2 40.0
(n=5) B 1 20.0 1 100.0 4 80.0 2 50.0
Combinations AZHINT 1 16.7 1 100.0 5 833 2 40.0
of mutant TLR A/H3N2 0 0.0 0 0.0 6 100.0 0 0.0

genotypes

(h=6) B 0 0.0 0 0.0 6 100.0 1 16.7

Note: * — p<0.05, as compared to indicators of individuals with normal distribution of alleles of TLR-2, TLR-3, TLR-4.

determined at the level of vaccinated subjects with normal
distribution of TLR alleles. Thus, by the level of serocon-
version, the vaccinated subjects with mutant genotypes
of TLR-2, TLR-3, TLR-4 and normal distribution of TLR
alleles with the initial titer of specific antibodies < 1:20 did
not differ significantly. The exception were the individuals
with the Leu/Phe genotype of TLR-3, in which the 4-fold
increase in the antibody to the A/HINI serotype was
100.0% as against 40.0% (p=0.04) in the vaccinated subjects
with normal distribution of TLR alleles. In vaccinated in-
dividuals with mutant genotypes Phe/Phe of TLR-3, Asp/
Gly of TLR-4, Arg/Gln of TLR-2 and their combination
that had the initial titer of < 1:20 to individual strains of
influenza, 100% seroconversion was obtained (Table I).

As shown in Table I, among the individuals with the
initial titer of anti-influenza antibodies >1:40, there was no
significant difference in vaccine response between the mu-
tant genotypes of examined TLR and normal distribution
of alleles. By the level of seroconversion, individuals with
polymorphic modified genotypes of TLR-2 and TLR-3 were
distinguished by the vaccinal response to A/H1N1 serotype
from vaccinated individuals with normal distribution of
alleles of TLR-2, TLR-3, and TLR-4 (Fig. 1).

Hence, the number of 4-fold seroconversions was sig-
nificantly higher in individuals with genotype Leu/Phe of
TLR-3 (65.2% * 9.7, p<0.05), Arg/Gln of TLR-2 (80.0% +
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17.9, p<0.05) and with a reliability tendency to Phe/Phe of
TLR-3 (66.7% + 19.2, p<0.05) as compared to vaccinated
subjects with normal distribution of TLR alleles (25.0%
+9.7). Seroconversion level for serotypes A/H3N2 and B
in individuals with polymorphic modified genotypes and
normal distribution of TLR-2, TLR-3, and TLR-4 alleles
were not significantly different.

The study of the dynamics in the mean geometric titers
of antibodies showed that on the 28th day of vaccination
process, the titers among all the individuals of the vaccinated
groups increased. The comparative analysis of the mean
geometric titers after vaccination among the individuals
with mutant genotypes TLR-2, TLR-3, TLR-4 and normal
distribution of TLR alleles showed that vaccinated persons
with polymorphic modified TLR genotypes had signifi-
cantly higher rates for individual vaccine strains. Thus, the
average geometric titers to A/HIN1 strains were higher in
individuals with genotype Leu/Phe of TLR-3 by 2,4 (126.9,
p<0.005), Phe/Phe of TLR-3 by 4,2 (226.3, p<0.001), Arg/
Gln of TLR-2 - by 3 (160.0, p<0.02), combinations of mu-
tations in TLR-2, TLR-3, TLR-4 genes - by 3,3 times (179.6,
p<0.01), as compared to vaccinated individuals with normal
distribution of TLR alleles (54.0). The corresponding index
was significantly higher to the A/H3N2 strain in vaccinated
individuals with Arg/Gln genotype of TLR-2 (320.0 with
normal distribution of TLR alleles - 100.8, p<0.0005).
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Follow-up monitoring of the vaccinated subjects during
6 months indicated a pronounced prophylactic effect of
vaccination in relation to subsequent ARIs in the exam-
ined individuals with polymorphic modified genotypes
of TLR-2, TLR-3, TLR-4 and with normal distribution of
TLR alleles. Thus, the percentage of persons with acute
respiratory infections after vaccination decreased by 2,1
(from 91.3% to 43.5%, p<0.0005) among the subjects
with Leu/Phe genotype of TLR-3, Phe/Phe of TLR-3 and
combination of mutations in TLR-2, TLR-3, TLR-4 genes
by 2 (from 100.0% to 50.0%, p=0.04), Asp/Gly of TLR-4
- by 3 (from 100.0% to 33.3%, p<0.01), Arg/Gln of TLR-
2 and normal distribution of TLR alleles - by 2,5 times
(from 100.0% to 40.0%, p=0.03 and from 75.0% to 30.0%,
p=0.004, respectively). It should be noted that against the

background of vaccination, there was a decrease in the
frequency of episodes of acute respiratory infections in
people with mutant genotypes of TLR-2, TLR-3, TLR-4 and
with normal distribution of TLR alleles who were ill more
than 4 times during the epidemic season prior to vaccina-
tion. In the majority of patients with 4 or more episodes of
acute respiratory infections before vaccination there was
a reduction in their frequency by 1-2 times after vaccina-
tion: with mutant genotypes Leu/Phe of TLR-3 - in 62.5%
(p=0.02), Phe/Phe - in 75.0% (p<0.05) and combination
of mutations of TLR-2, TLR-3, and TLR-4 genes in 50.0%
(p<0.05) of subjects. In the rest of examined individuals,
namely with genotype Leu/Phe of TLR-3 - 37.5%, Phe/
Phe - 25.0%, with combination of mutant genotypes of
TLR-2, TLR-3, TLR-4 and normal distribution of TLR
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alleles (50.0% each) no case of ARIin the post-vaccination
period was registered.

After vaccination, the course of ARI has also changed.
Among individuals with mutant genotypes of TLR-2,
TLR-4 and normal distribution of TLR alleles, ARIs had
an exclusively (100.0%) mild course, whereas the percent-
age of lung and mild-to-severe forms was as follows: with
Arg/Gln genotype of TLR-2: 20.0% and 80.0%, Asp/Gly of
TLR-4 - 33.3% and 66.7%, with normal distribution of TLR
alleles - 53.3% and 46.7% respectively. In general, there was
a significant decrease in the percentage of medium-severe
acute respiratory infections against the background of
vaccination among individuals with genotype Leu/Phe of
TLR-3 by 2,4 times (30.0%, before vaccination - 71.4%,
p=0.02), Phe/Phe and combination of mutations in TLR-
2, TLR-3, TLR-4 genes - by 3 times (33.3% each, before
vaccination - 100.0% each, p=0.04).

It has been established that influenza vaccination is able
to prevent the development of complications of acute respi-
ratory infections both in individuals with mutant genotypes
of TLR-2, TLR-3, TLR-4, and with the normal distribution
of TLR alleles. Thus, after vaccination, the percentage of
patients with complicated course of ARI decreased: with
genotype Leu/Phe of TLR-3 by 2,0 (from 80.9% to 40.0%,
p=0.02), Phe/Phe of TLR-3 and combination of mutations in
TLR-2, TLR-3, and TLR-4 genes - by 3 times (from 100.0% to
33.3%, p=0.02). In the examined individuals with genotype
Arg/Gln of TLR-2, Asp/Gly of TLR-4 and normal distri-
bution of alleles of the studied TLRs, complications after
vaccination were not registered at all (before vaccination in
40.0%, 66.7% and 33.3% respectively, p<0.05).

Vaccination against influenza proved to be an effective
method for preventing the complications of acute respira-
tory infections by inflammatory processes of lower airways
in all vaccinated groups (Fig. 2).

Thus, after vaccination, pneumonia was not registered in
subjects with mutant genotypes and normal distribution
of alleles of TLR-2, TLR-3, and TLR-4. At the same time, a
significant reduction in the percentage of complications of
ARI by pneumonia was noted in individuals with genotype
Leu/Phe (0.0% before vaccination 47.6%, p=0.008) and
Phe/Phe of TLR-3 (0.0% before vaccination 83.3%, p<0.01),
as well as with combination of mutations in the examined
TLR genes (0.0% before vaccination 66.7%, p<0.05).

Among the examined individuals with mutant genotypes
of TLR-3, there was a decrease in the frequency of compli-
cations of ARI with bronchitis, namely: with Leu/Phe gen-
otype - by 3,8 times (from 76.2% to 20.0%, p=0.003), Phe/
Phe - by 2,5, but without reliable difference as compared
with the index before vaccination (from 83.3% to 33.3%
respectively). Among the patients with normal distribution
of alleles of TLR, polymorphic modified genotypes of TLR-2,
TLR-4 and their combinations with TLR-3, this complication
after vaccination during epidemic season was not recorded,
and immunization rate was as follows: with combinations of
mutant genotypes of TLR-2, TLR-3, TLR-4 - 83.3% (p<0.01),
Asp/Gly of TLR-4 - 66.7% Arg/Gln of TLR-2 - 40.0% with
normal distribution of alleles of TLR - 26.7%.
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DISCUSSION

Toll-like receptors (TLRs) and their intracellular signaling
molecules play an important role in congenital immunity.
In this study, we studied the relationship between poly-
morphism in the TLR gene and specific immune responses
to the influenza vaccine. Previously, we found that the
polymorphism of Arg573GIln TLR-2, Leu412Phe TLR-3,
Asp299Gly TLR-4 genes among the individuals without
generally accepted risk factors for influenza affects the
course of the disease, the incidence of flu-associated pneu-
monia, its severity and development of acute respiratory
distress syndrome and multiple organ failure [11, 12]. These
findings allow us to suggest that differences in the genes
involved in the antigen recognition process and in con-
trolling the body’s protective responses can also determine
the different nature of specific immunological responses
to vaccination. It is also known that among healthy young
people there is a significant proportion of those who, after
vaccination against influenza, do not produce protective
titers of specific antibodies. Therefore, the important task
is to identify these individuals before vaccination and an
attempt to modify the type or dose of the vaccine to achieve
a reduction in the number of unprotected individuals in
the vaccinated [13, 14].

We have not identified association between the polymor-
phism of the Arg573GIn TLR-2 genes, Leu412Phe TLR-3,
Asp299Gly TLR-4, and the impairment of the immune
response to the administration of the influenza vaccine.
Individuals with mutant genotypes TLR-2, TLR-3, and
TLR-4 had a vaccine response at the level of the subjects
with normal distribution of TLR alleles, as evidenced by
the level of seroprotection, seroconversion, and dynamics
of mean geometric antibody titers on day 28 of immuni-
zation. The results obtained can be explained by a survey
of a small group of individuals selected for the study (n =
66). Historically, titres of specific antibodies are used to
evaluate vaccine efficacy, but they do not reflect the full
complexity of human immune responses to vaccination.
Therefore, there is a need for additional studies in order to
determine the connection between polymorphous mod-
ified Arg573GIn TLR-2, Leu412Phe TLR-3, Asp299Gly
TLR-4 genes, with a change in the immune response to
influenza vaccines in groups different from those selected
for this study and to determine the cause / an effect relation-
ship between these genes and the antibody response. The
results will help establish the genetic basis for changes in
the immune response to influenza vaccination and provide
important information for the rational development of new
vaccines, taking into account the individual characteristics
of the immune response.

CONCLUSIONS

Thus, the analysis of antibody-formation showed that
subjects with mutant genotypes of TLR-2, TLR-3, TLR-4
have a vaccinal response to administering vaccine against
influenza at the level of patients with normal distribution
of alleles of TLR, as evidenced by the achieved level of se-
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roprotection, seroconversion and dynamics of geometric
mean titers of antibodies on the 28th day of immunization.

Clinical and epidemiological efficacy of vaccination
for patients with polymorphisms Arg753Gln of TLR-2,
Leu412Phe of TLR-3, Asp299Gly of TLR-4 genes is char-
acterized by: a decrease in ARI cases in the postvaccinal
period by 2-3 times; prevention of pneumonia in vacci-
nated subjects; decrease in the frequency of bronchitis by
2,5-3,8 times.

Individuals with polymorphic modified genotypes of
TLR-2, TLR-3, and TLR-4 without other risk factors for
influenza complications must undergo specific immuno-
prophylaxis as an effective method of preventing compli-
cations by inflammatory processes of lower airways.
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