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ABSTRACT

The aim. To identify the frequency of occurrence of TLR4 Asp299Gly (rs4986790)
gene polymorphism and to establish its contribution to the development of organ
dysfunction in patients with severe pneumonia associated with A/H1N1 influenza.

Materials and methods. The study included 55 patients with severe pneumonia
associated with A/H1N1 influenza. Inclusion criteria: severe pneumonia; consolida-
tion/ground-glass syndrome according to chest X-ray/CT. Exclusion criteria: unstable
hemodynamics; body mass index > 30; diabetes mellitus; HIV; tuberculosis, oncopa-
thology. Verification of the pathogen in the respiratory swab was carried out using
PCR method: A/H1NT1 influenza virus RNA was identified. The age of the patients
was 47 [38; 62] years. Among all the patients the proportion of men was 47.8 %,
of women - 52.2 %. Patients were divided into 2 groups: group 1 included patients
with SOFA scale (Sequential Organ Failure Assessment) score > 2 points; group 2 —
patients with SOFA scale score < 2 points. Gene SNPs were determined by PCR method
using standard kits developed by Research and Production Company "Litekh" (Mos-
cow). Amplification of the TLR4 gene fragments was carried out in a thermocycler
Bis-M111 (Bis-N LLC, Novosibirsk). Genomic DNA isolated from whole blood leukocytes
using the "DNA Express Blood" reagent was analyzed followed by an amplification
reaction. The amplification product was detected in a 3% agarose gel.

Results. Multiple organ dysfunction (SOFA scale score > 2 points) in patients with se-
vere pneumonia associated with A/H1N1 influenza was registered in 24 (43.6 %) cas-
es. When analyzing the frequency of occurrence of the minor Gly allele, according
to genetic models, the differences were established between patients of the groups 1
and 2 in codominant (p = 0.023; odds ratio (OR) — 8.82 (0.95-81.89)) and dominant
(p=0.005; OR = 12.35 (1.40-109.07)) models.

Conclusion. Severe pneumonia associated with A/H1N1 influenza is accompanied
by a high incidence of organ dysfunction. The risk of organ failure development
is 2.1 times increased in patients with severe pneumonia with identified TLR4
Asp299Gly gene polymorphism, which probably requires further study.
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PE3IOME

Ljens uccnedosaHus. Beisgums Yacmomy ecmpeyaeMocmu nosiuMopgu3ma 2eHa
TLR4 Asp299Gly (rs4986790) u ycmaHosums e20 8k/1a0 8 pazgumue op2aHHoU ouc-
yHKYUU y 60516HBIX MAXENol nHeaMoHuel Ha poHe epunna A/HTN 1.
Mamepuasnbi u Memoobl. B uccie0o8aHue 8Kko4YeHo 55 60/1bHbIX msaxénol nHes-
MoHuel Ha goHe epunna A/HTN1. Kpumepuu 8K/t04eHUA: NHEBMOHUSA MAXE020
meuyeHus; Hasu4Yue KOHCoIUAayuu/CUHOPOMAa «Mamogo20 CMeKs1a» N0 OaHHbIM
peHmezeHozpaguu/komneromepHol momo2paguu op2aHos 2pyOHoU Kiemku.
Kpumepuu uckntoyeHus: HecmabusibHas 2eMOOUHAMUKGA; UHOeKC Maccol mena > 30;
caxapHsiti ouabem; BUY; mybepkynés; oHkonamorsnoaus. Bepugukayus so3byoume-
J18 8 pecnupamopHOM MA3Ke 8bINOJTHAIACL NPU NOMOWU Memooa noiumepasHol
yenHou peaxkyuu (MYP): udeHmugpuyuposaHa PHK supyca epunna A/H1N1. Bospacm
nayueHmos cocmasusn 47 [38; 62] nem. MyxuuH 66110 47,8 %, xeHWuUH — 52,2 %.
MayueHmel 6bi1U NOOenieHbl Ha 08e 2pynnel: 1-1 2pynna — ¢ oUeHKOU No wKasne
SOFA (Sequential Organ Failure Assessment) > 2 6annos; 2-1 2pynna — ¢ oyeHKou
no wkasne SOFA < 2 6annos. OnpedesieHue 00HOHYK/1E0OMUOHbIX NOUMOPPU3IMO8
(SNPF, single nucleotide polymorphism) 2eHos ocywecmensanoce memodom [P
C UCnonb308aHuemM cmaHoapmHeix Habopos HIN® «/Tumex» (Mockea). AMnaugu-
kayuto ¢ppazmeHmos 2eHa TLR4 nposodunu 8 mepmouuxnepe «buc-M111» (OO0
«buc-H», Hosocubupck). AHanu3y noogepeanace 2eHomHas [JHK, geioeneHHas
u3 s1elikoyumos yesibHoU Kposu ¢ nomowblo peazeHma «[JHK skcnpecc-kposb»,
3amem nposoouIacek pedkyus amnaugukayuu. Jemekyuto npodykma amnsiugu-
Kayuu nposoousiu 8 3%-m dzapo3HOM 2esie.

Pesynomamel. Y 60516Hbix maxénolt nHeemoHuel Ha ¢oHe epunna A/HINT
yacmoma passumus nonuopzaHHoU oucgyHkyuu (SOFA = 2 6annos) cocmasuna
24 (43,6 %) cny4aa. lpu aHanuze yacmomel 8CMpevYaemMocmu MUHOPHOR20 asess
Gly, coenacHo 2eHemu4eckuM MOOeIAM, yCMAaHOB/1eHbI PA3/IUYUsA Mex0y NayueH-
mamu 1-0 u 2-0 epynn 8 kKoOomuHaHmHou (p = 0,023; omHoweHue waHcos (OLL) —
8,82(0,95-81,89)) u domuHaHmuou (p = 0,005; OLL = 12,35 (1,40-109,07)) modensx.
3aknioyeHue. Taxénoe meueHue nHeamMoHuu npu epunne A/H1NT conpogoxada-
emca 8vicokoli yacmomou pazsumus opeaHHoU OucpyHKYuuU. Puck pazsumus
Op2aHHOU HeA0CMAMOYHOCMU y8enu4UBancsa y 60bHbIX MAxEnol nHeamoHuel
C 8blsIB1IeHHbIM nosluMopguaMom 2eHa TLR4 Asp299Gly, umo, sepoamHo, mpebyem
OasnbHelwe20 UyyeHus.

Knioueevnie cnoea: TLR4, nonumopdghusm, epunn A/HIN1, nHeeMoHuUS, opeaHHAs
ouceyHKyus

Ona untnpoBaHua: Manspurkos A.B., lLanoeanos K.I. Ponb nonumopdursma rena Toll-
nopo6Horo peLenTopa 4 B pa3BUTN OPraHHOM ANCHYHKUMMN Y BONbHBIX TAXKENON NHEB-
MoHwuel npu rpunne A/H1N1. Acta biomedica scientifica. 2023; 8(1): 79-85. doi: 10.29413/
ABS.2023-8.1.9
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INTRODUCTION

The systemic inflammatory response, being the ba-
sis for the formation of critical conditions, regardless
of the inducing factor, proceeds in two phases - from
a hyperinflammatory reaction to a compensatory anti-
inflammatory response [1, 2]. In the pro-inflammatory
phase, damage-associated molecular patterns (DAMPs)
or pathogen-associated molecular patterns (PAMPs) ini-
tiate signaling, activating innate and subsequently adap-
tive immune responses. To date, various physiological
and pathophysiological mechanisms of innate and adap-
tive immune responses have been identified, implement-
ed through the involvement of a large repertoire of im-
mune receptors in the process, one of which is Toll-like
receptors (TLR) [3]. Moreover, single-nucleotide poly-
morphisms of the Toll receptor genes have been iden-
tified, in some cases leading to a change in signal trans-
mission realized through the receptor, which signifi-
cantly affects the function of the receptor and contrib-
utes to the pathogenesis of inflammation and infectious
diseases [3].

One of the most well-studied Toll receptors is TLR4.
The main ligand of the receptor is a bacterial lipopol-
ysaccharide, but TLR4 is also able to bind endogenous
structures, such as heat shock proteins (HSP), includ-
ing HSP70, Gp96, HSP22 and HSP7, proteins ST00A8
and S100A9, as well as extracellular matrix molecules
(ECM), such as biglican, tenascin-C, versican, and frag-
ments of molecules ECM, including hyaluronic acid ol-
igosaccharides and heparan sulfate [4]. The TLR4 gene
is located on 9932-33 chromosome. The polymor-
phic locus rs4986790 is a single-nucleotide substitu-
tion of adenine (A) for guanine (G) at the +896 position
of exon 3 (896A>Q@), leading to an amino acid substitution
of aspartic acid for glycine at position 299 of the polypep-
tide chain of the Asp299Gly receptor [5]. The described
TLR4 gene mutation is associated with the lack of a prop-
er immune response upon receptor activation. The TLR4
Asp299Gly polymorphism has been shown to be associ-
ated with the development of a number of diseases [5-
71; it is of interest to study the role of the TLR4 Asp299G-
ly gene polymorphism in critically ill patients with severe
pneumonia associated with A/H1N1 influenza.

THE AIM OF THE STUDY

To identify the incidence of the TLR4 Asp299Gly gene
polymorphism and determine its contribution to the devel-
opment of organ dysfunction in patients with severe pneu-
monia associated with A/H1N1 influenza.

MATERIALS AND METHODS

The study included 55 patients with severe pneumonia
associated with A/HT1N1 influenza hospitalized in ICU/CCU
of the Municipal Clinical Hospital No. 1 (Chita), the Re-
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gional Clinical Hospital (Chita), the Regional Clinical Infec-
tious Diseases Hospital of the Trans-Baikal Territory during
the morbidity peak in 2019. The study was conducted in
compliance with the principles of the World Medical As-
sociation Declaration of Helsinki (1964, ed. 2013), and ap-
proved by the local Ethics Committee of the Chita State
Medical Academy of the Ministry of Health of the Russian
Federation (Protocol No. 84 dated March 01, 2017). Inclu-
sion criteria: severe pneumonia; consolidation/ground-
glass syndrome according to chest X-ray/CT. Verification
of the pathogen in the respiratory swab was carried out
using PCR method: A/H1N1 influenza virus RNA was iden-
tified. The age of the patients was 47 [38; 62] years. The
proportion of male was 47.8 %, female - 52.2 %. Exclu-
sion criteria: unstable hemodynamics; body mass index
> 30; diabetes mellitus; HIV; tuberculosis, oncopatholo-
gy.To diagnose and assess the severity of pneumonia, the
CURB/CRB-65, SMART-COP scales, as well as the federal
clinical guidelines of the Ministry of Health of the Russian
Federation "Community-acquired pneumonia in adults"
and the IDSA/ATS criteria (in the presence of one "large"
or three "small" criteria, pneumonia was regarded as se-
vere) were used. In order to assess the degree of organ
dysfunction, the following were used: qSOFA scale (Se-
quential Organ Failure Assessment [Quick]) (respirato-
ry rate = 22/min; systolic blood pressure < 100 mmHg;
decrease in consciousness < 15 points as per the Glas-
gow scale) - 1 point for each block; SOFA scale, which in-
cluded an assessment of consciousness as per the Glas-
gow Coma Scale in points, a modified respiratory coeffi-
cient as the ratio of oximetry as a percentage to the oxy-
gen content in the inhaled air in units (SpO,/Fi0,), the lev-
el of bilirubin and creatinine in blood serum, the number
of blood platelets, the level of average blood pressure with
the presence or absence of inotropic and (or) vasopres-
sor support in points. The patients were divided into two
groups: Group 1 - patients with SOFA score > 2; group 2 -
patients with SOFA score < 2. Gene SNPs were determined
by PCR method using standard kits developed by Research
and Production Company "Litekh" (Moscow). Amplifica-
tion of TLR4 gene fragments was carried out in a thermal
cycler "Bis-M111" (Bis-N LLC, Novosibirsk). Genomic DNA
isolated from whole blood leukocytes using the "DNA Ex-
press Blood" reagent was analyzed followed by an ampli-
fication reaction. The amplification product was detected
in a 3% agarose gel. Statistical processing of the obtained
data was carried out using Statistica 10 software package
(StatSoft Inc., USA) and SNPStats online calculators (htt-
ps://medstatistic.ru/calculators.html). The distribution of
genotypes was evaluated for compliance with the Har-
dy - Weinberg equilibrium. The genotype frequencies in
the groups were compared using the Yates’ continuity-cor-
rected x? test using the contingency table; if the expected
phenomena in one of the cells were less than 5, the Fish-
er's exact test was used. To assess the association of gen-
otypes with disease severity, the odds ratio (OR) was cal-
culated with 95% confidence intervals (95% Cl) using five
genetic models: codominant, dominant, recessive, super-
dominant and log-additive.



RESULTS

In patients with severe pneumonia associat-
ed with A/H1N1 influenza, the incidence of multi-
ple organ dysfunction (> 2 points on the SOFA scale)
was 24 (43.6 %) cases, men prevailed among them -
17 (70.8 %) patients. In the structure of concomitant pa-
thology among pneumonia patients with organ dys-
function, the most common were: chronic obstructive
pulmonary disease — 7 (29.1 %) cases; type 2 diabetes
mellitus — 6 (25.0 %) cases; alcoholism - 4 (16.6 %) cas-
es. Furthermore, 16 (66.6 %) alimentary-constitution-
al obesity was revealed in patients as a background pa-
thology. In the second patient group, ischemic heart dis-
ease was more common - in 9 (29.0 %) cases. Systemic
inflammatory response syndrome (SIRS) was detected
in 55 (100 %) cases. When analyzing the structure of or-
gan dysfunction according to the SOFA scale, the high-
est incidence of organ failure development was found
in the blocks of oxygenation, coagulation, central nerv-
ous system (CNS) function and hemodynamics parame-
ters (Fig. 1). Besides, the frequent combination of organ
disorders among patients with severe pneumonia asso-
ciated with A/HTNT1 influenza draws attention: for exam-
ple, a combination of hemostasis and oxygenation disor-
ders was noted in 10 (41.6 %) cases, and a combination
of disorders of oxygenation, hemostasis, hemodynamics
and CNS function - in 6 (25 %) cases.

The TLR4 Asp299Gly gene polymorphism was stud-
ied in the test groups (Table 1). The value of x*> = 7.493
for two degrees of freedom, with a statistical significance
level of p = 0.024, which indicates statistically significant
differences between comparable groups. When studying
the TLR4 Asp299Gly gene polymorphism, a statistically sig-
nificant difference in the groups was found for the Asp/Asp
genotype (p = 0.021; OR = 0.081; 95% Cl: 0.009-0.715).
At the same time, there was no statistically signifi-
cant difference in the incidence of the Asp/Gly variant
and the homozygous Gly/Gly variant, which is probably
due to the small sample size and low frequency of occur-
rence of the Gly allele (Table 1).

TABLE 1
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FIG. 1.

The structure of organ dysfunction by the SOFA scale blocks in pa-
tients with severe pneumonia associated with A/H1N1 influenza

When analyzing the frequency of occurrence of the mi-
nor Gly allele, according to genetic models, the most sig-
nificant result was established for the dominant mod-
el (p = 0.0052; OR = 12.35 (95% Cl: 1.40-109.07)), accord-
ing to which the genotype carrying at least one Gly al-
lele has an increased risk (Table 2). The results obtained
in the superdominant and log-additive models are consid-
ered as uninformative at the obtained genotype distribu-
tion frequencies.

DISCUSSION

One of the leading pathophysiological components
of a critical condition and organ dysfunction development
is systemic inflammation. In the pro-inflammatory phase,

DISTRIBUTION OF TLR4 GENE GENOTYPES IN PATIENTS WITH SEVERE PNEUMONIA ASSOCIATED WITH A/H1N1 INFLUENZA

Frequency of genotypes
Genotypes Fisher's exact test, p P B(oj!\ferrgm OR 95% CI
1st group 2nd group adjuste
(n =24) (n=31)
Asp/Asp 17 (70.8 %) 30 (96.8 %) 0.0159 0.0477 0.081 0.009-0.715
Asp/Gly 5(20.8 %) 1(3.2%) 0.0755 0.226 7.895 0.855-72.882
Gly/Gly 2(8.3%) 0 0.186 0.558 - -



TABLE 2

GENETIC MODELS OF THEASSOCIATION OF TLR4 GENE GENOTYPES WITH THE RISK OF ORGAN DYSFUNCTION DEVELOPMENT
IN PATIENTS WITH SEVERE PNEUMONIA ASSOCIATED WITH A/H1N1 INFLUENZA

Genotypes 1st group (n = 24) 2nd group (n =31) OR (95% Cl) p
Codominant model

Asp/Asp 17 (70.8 %) 30 (96.8 %) 1.00
Asp/Gly 5(20.8 %) 1(3.2%) 8.82(0.95-81.89) 0.02369
Gly/Gly 2(8.3%) 0 (0.0 %) -

Dominant model
Asp/Asp 17 (70.8 %) 30 (96.8 %) 1.00

0.005191

Asp/Gly-Gly/Gly 7 (29.2 %) 1(3.2%) 12.35(1.40-109.07)

Recessive model
Asp/Asp-Asp/Gly 22 (91.7 %) 31 (100 %) 1.00

0.1859

Gly/Gly 2 (8.3 %) 0 (0 %) 2.7 (0.32-153)*

Note. *—adjusted value for a small sample.

damage-associated molecular patterns (DAMPs) or path-
ogen-associated molecular patterns (PAMPs) initiate sign-
aling, activating innate and subsequently adaptive im-
mune responses [2, 8]. Detection of conservative molec-
ular patterns associated with pathogens (for example, li-
popolysaccharide) through leucine-rich repeats (LRR) leads
to dimerization of TLR, bringing together the TIR (Toll-in-
terleukin receptor) signaling domains, forming intracel-
lular docking platforms that allow recruiting adapter pro-
teins and kinases into the signal transmission process, in-
ducing nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NFkB) and immune response [9, 10]. The sin-
gle-nucleotide polymorphism of the TLR4 896A>G gene
is associated with a decrease in the intensity of the im-
mune response to TLR4 stimulation by lipopolysaccharide
of gram-negative bacteria [11]. At the same time, as a pat-
tern recognition receptor, TLR4 interacts not only with
PAMPs, but also with a number of endogenous structures
involved in the systemic inflammatory response cascade,
such as heat shock proteins (HSP), including HSP70, Gp96,
HSP22 and HSP7, proteins ST00A8, and ST00A9 [4]. In ad-
dition, the intensity of the emerging immune response
depends on the ligand interacting with TLR4 [12]. The re-
lationship of the TLR4 Asp299Gly polymorphism with the
course of the infectious process and inflammation in var-
ious diseases has been described [6, 7, 13]; a relationship
with the severity of the critical condition in sepsis has been
also shown [14]. This study demonstrated the prevalence
of the Asp299Gly TLR4 mutant allele and the combina-
tion of Arg753GIn TLR2, Leu412Phe TLR3 polymorphisms
among influenza and influenza pneumonia patients [15].
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We obtained comparable results: the presence of the TLR4
gene polymorphic variant in patients with severe pneu-
monia associated with A/H1N1 influenza is connected
with an increase in the severity of the disease and is ac-
companied by an increase in the frequency of organ dys-
function in this category of patients.

CONCLUSION

The severe course of pneumonia associated
with A/HTN1 influenza is accompanied by a high incidence
of organ dysfunction. The revealed presence of the TLR4
Asp299Gly gene polymorphism was accompanied by anin-
creased risk of organ failure, which probably requires fur-
ther study.
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