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Abstract

Introduction. Predisposition to different courses of the infectious process is largely associated with the
polymorphisms in human genome, especially in genes encoding proteins of the immune system. In the early
stages of influenza infection such components of innate immunity as interferons | (a/B) and Ill (A) type play a
significant role in limiting virus replication.

The aim of the work was to investigate associations of single nucleotide polymorphism in IFNL3 (rs8099917 T/G)
and IFNL4 (rs12979860 C/T) genes with different course of influenza, and identify genetic markers of influenza
complicated by community-acquired pneumonia. The genes noted above affect the production of interferon-A3,
which is involved in restriction of the viral replication.

Materials and methods. Samples from 456 patients with mild (n = 150), moderate (n = 173), and severe
(n = 133) influenza were studied. The viral RNA was detected by reverse transcription and polymerase chain
reaction (RT-PCR). Polymorphisms in /FNL3 (rs8099917 T/G) and IFNL4 (rs12979860 C/T) genes was detected
by PCR. Statistical analysis was performed using SNPStats software.

Results. Patients with the C/T or T/T genotype of IFNL4 gene (rs12979860 C/T) were more likely to have pneumonia
than those with the C/C genotype (OR 2.47 (1.31-4.63); p = 0.0044; q = 0.0059). The presence of one T allele
increased the risk of developing pneumonia (OR 2.02 (1.05—4.02); p = 0.006; g = 0.008). In the presence of the T/T
genotype, the risk increased more than twofold: OR 2.14 (1.31-3.48). Analysis of the SNP of /FNL3 gene (rs8099917
T/G) revealed a weak association of the G allele with pneumonia (OR 1.86 (1.04-3.31); p = 0.03; g = 0.045).
Conclusion. Genetic markers of increased risk of community-acquired pneumonia in influenza include the presence
of the T allele in IFNL4 gene (rs12979860 C/T) and, to a lesser extent, the G allele in IFNL3 gene (rs8099917 T/G).
Patients carrying these alleles have an increased risk of developing pneumonia, especially in old age.
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AHanus accoumaumm KNMHNYECKOro Te4eHus rpunna
C OAHOHYKNEOTUAHbIM NONIMMOPPU3IMOM reHOB,
BNUAKOLWMUX HA NPOAYKLUUIO uHTepdepoHa-A3

Hukonaesa J1.W. , CtyumHckasa M.[., TenenexnuHa K.IM., WeByeHko H.I"., KynpnaHos B.B.,

KpacHocno6ogues K.I., Mykawesa E.A., Tpywakosa C.B., Xnonosa W.H., Kpyxkosa N.C.,

KucteHesa J1.5., [KonobyxuHa J1.B.| Bypuesa E.N.

OIBY «HaumoHanbHbIM ccrneaoBaTenbCKUA LIEHTP 3NMAEMUONONMU U MUKPOBMONOrMM MMEHW NOYETHOTO akagemumka
H.®. Namanen» Munagpasa Poccun, 123098, r. Mockea, Poccus

Pe3tome

BBepgeHue. NpeapacnonoXeHHOCTb K pa3HOMY TEYEHWM MHAEKLMOHHOIO npouecca BO MHOMO CBfidaHa C Mo-
nMMOpPU3MOM FreHoMa YernoBeka, 0COOEHHO FeHOB, KOAMPYHOLMX BenkM UMMYHHOW cuctembl. Ha paHHuX aTa-
nax rpunno3Hon MHGEKLMN CYLLECTBEHHYIO POfb B OFPaHUYEHUM pennmKauum BUpyca BbIMOSHSAT KOMMOHEHTbI
BPOXAEHHOIO MMMyHUTETa — UHTEepdepoHs! | (a/B) v Il (A) Tuna.

Lienb paboTbl — M3y4nTb accoumaLmm OgHOHYKNeoTuaHbIX nonumopdunamos (OHI) reHos IFNL3 (rs8099917 T/G)
n IFNL4 (rs12979860 C/T) c pa3HbiM TEYEHNEM FPUNMNO3HON MHPEKLMN U BbISBUTL FEHETUYECKNE MapKepbl OCIOX-
HEHHOro BHEOOMbHUYHOW MHEBMOHMEN rpunna. OTMEYEHHbIE BbILLE FeHbl BAMSIOT Ha NPOAYKLUMIO MHTepdepoHa-A3.
Martepuanbl U meToabl. iccnegoBaHbl 0bpasubl oT 456 naumeHToB ¢ nerkum (n = 150), cpeaHeTskenbim (n =
173) n Taxenbim (n = 133) TeyeHnem rpunna. BupycHyio PHK BbisBNAnM metogamu obpaTHOM TPaHCKpUMUmMn 1
nonumepasHow uenHorn peakuun (MUP). OHIM reHos IFNL3 (rs8099917 T/G) u IFNL4 (rs12979860 C/T) yctaHaB-
nveanu ¢ nomolbto MUP. Mpu aHanuse accoumnaumn OHIM reHoB ucnons3osanu nporpammy SNPStats.
Pesynbrathbl. Y naumeHToB ¢ reHotunom C/T wnu T/T no reHy IFNL4 (rs12979860 C/T) value BbISBRANM NHEBMO-
HMI, YeMm npu reHotune C/C (OW 2,47 (1,31-4,63); p = 0,0044; g = 0,0059). Hanuuue ogHoro annens T yBenu4u-
Bano puck pa3suTtust nHeemoHun (OLL 2,02 (1,05—4,02); p = 0,006; q = 0,008). MNpwn reHoTune T/T puck noskiwancs
6onee yem B 2 pasa: Ol 2,14 (1,31-3,48). AHanua OHI reHa IFNL3 (rs8099917 T/G) BbisBun Gonee cnabo
BblpaXKeHHyo accoumaumio G-annensi ¢ nHeemoHmnen (O 1,86 (1,04-3,31); p = 0,03; q = 0,045).

3akntoyeHue. NeHeTUYECKUMIN MapKepamy NOBLILLIEHHOTO pyUcka BHEOONBbHUYHOW MHEBMOHUM NpU rpunne sBns-
eTca Hanunume T-annens B reHe IFNL4 (rs12979860 C/T) u B MeHbluen 3HaummocTn G-annensa B reHe IFNL3
(rs8099917 T/G). Hocutenu atux annenew UMeIOT NOBbILLEHHBIN PUCK Pa3BUTUS MHEBMOHUW NPU rpunne, ocobeH-
HO B NOXMWNOM BO3pacTe.

KnroueBble cnoBa: epurir; nHeeMoHuUs; uHmepghepoH-nsimboa; 0OHOHYKIeoMUOHbIU noIUMopgU3M

Ona uutnpoBanua: Hukonaesa J1.M., CtyumHckaa M.[., TenenenuHa K.M., Weevenko H.I, KynpusHos B.B.,
KpacHocnobogues K.I., Mykawesa E.A., Tpywakosa C.B., Xnonosa W.H., KpyxkoBa W.C., Kuctenesa J1.b.,
KonobyxvHa J1.B., BypueBa E.N. AHanns accoumauum KIMHWYECKOTO TEYEHMS rpunna C OOHOHYKNEOTUAHbIM
nonMMopM3MOM FEHOB, BRMSIOWMX HA Npoaykumo mHTepdgepoHa-A3. 2025; 70(1): 25-34. DOI: https://doi.
org/10.36233/0507-4088-271 EDN: https://elibrary.ru/hnrscv

®duHaHcupoBaHue. VccnegoBaHne NPoOBOAWIMOCL B paMKax rocyAapCTBeHHoro 3agaHus Munagpasa Poccun «Cospa-
HVe NaHenu ctaHAapTHbIX 06pa3LoB (KNMHWUYECKMX, BUPYCHBIX, BakTepuanbHbIX) AN Banuaaumm 1 aktyanuaaumm Tect-
CUCTEM, UCMOMb3yeMbIX B ANArHOCTVKE, MPOrHO3MPOBAHNN Te4YeHNs 3aboneBaHns 1 oueHke adhEKTUBHOCTY NeYeHNns 1
npodmnaktmkn SARS-CoV-2, rpunna n gpyrux OP3».

KoHdnukT nHTepecoB. ABTopbl 3aABMSAIOT 06 OTCYTCTBUM KOHMNMKTa MHTEPECOB, CBA3AHHLIX C Nybnukaumen HacTos-
e ctatbu.

OTuyeckoe yTBepxaeHue. ViccnegosaHve NnpoBoaMnock Npu 4o6poBoNbHOM MHGOPMUPOBAHHOM COrnlacum
naumeHToB. MpoTokon nccnegoBaHusa ogobpeH atudeckum komutetom BY3 VKB Ne 1 (mpotokonbl Ne 11/A ot
16.10.2020 1 Ne 8 ot 28.12.2022).

Introduction course; the number of fatalities varies from 290 to 650 thou-

Influenza A and B viruses cause annual epidemic out-
breaks in humans. Influenza A viruses are also responsible
for epizootics among birds and certain mammalian species.
Annually, about 1 billion cases of influenza in humans are
registered worldwide, of which 3—5 million have a severe

sand cases, depending on the season! [1]. In the Russian
Federation, influenza and other respiratory viral infec-
tions are registered annually in an average of 30 million
people, and the annual economic loss is about 40 billion
rubles [2].

"World Health Organization. WHO launches new global influenza strategy (https://www.who.int/news/item/11-03-2019-who-launches-new-

global-influenza-strategy).
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Influenza is most often complicated by the development
of out-of-hospital pneumonia, which is detected in a sig-
nificant proportion of hospitalized patients and can be fa-
tal [3]. After the end of the influenza epidemic within 23
months, additional (delayed) mortality from this infection
is registered in patients from risk groups with a history of
heart, lung and other diseases. Experts have calculated
that mortality after influenza can increase in persons with
chronic cardiovascular pathology by 52 times, and with
chronic lung diseases — 120 times [4].

The last influenza pandemic declared by the World
Health Organization in 2009 was caused by the A(HIN1)
pdmO09 strain, which had genes from swine, avian and
seasonal human influenza in its genome structure. The
A(HIN1)pdmO09 pandemic affected all age groups and
had more severe consequences than previous ones. Cur-
rently, avian influenza virus type A, which has hemagglu-
tin variants H5 and H7, poses an obvious danger [5]. Cas-
es of human infection with these influenza viruses after
contact with sick birds have been registered, which ended
lethally in 30-50% of patients. The causes of lethal out-
comes of infection with avian influenza A(H5N1) virus
are considered to be the tropism of the virus to receptors
of tissues of different organs, its more intensive replica-
tion and hyperinflammatory immune response of infected
people [5, 6].

The reactions of the human immune system to many
pathogens and influenza antigens, in particular, depend
on the variability (polymorphism) of the genome, which
determines a certain predisposition to different course of
the infectious process. Type I and III interferons (IFNs)
play a significant role in limiting influenza virus repli-
cation in the early stages of infection. As components
of innate immunity, they trigger the production of cyto-
kines, chemokines, stimulate the attraction of neutrophils,
monocytes, NK-cells to the focus of inflammation and
induce the biosynthesis of intracellular antiviral proteins
before the formation of an adaptive immune response.

Type 111 IFNs were identified in 2003 by analyzing new
proteins discovered through the Human Genome Project
and classified as interleukin (IL) 28A, IL-28B, and IL-29
[7]. Subsequently, in 2012, these cytokines were renamed
IFN-A1 (IL-29), IFN-A2 (IL-28A), and IFN-A3 (IL-28B)
on the recommendation of the nomenclature committee
at HUGO (Human Genome Organization). It was found
that type III IFNs are produced slightly earlier than type
I IFNs and provide protection of the mucosal barrier of
the airway epithelium [8, 9]. Recombinant type III IF-
Ns can effectively limit influenza infection in laboratory
mice [10, 11]. The possibility of creating a drug based on
a PEGylated form of type III IFN for therapy of viral re-
spiratory disease COVID-19 has been demonstrated [12].

Single nucleotide polymorphisms (SNPs) affecting the
expression of this cytokine have been identified near the
gene encoding IFN-A3 [13]. The most significant SNPs
for a number of viral infections are localized upstream
of the IFNL3 gene (rs8099917 T/G), in the intron of the
IFNL4 gene (rs12979860 C/T) and in the exon of the /F-
NL4 gene (rs368234815 AG/TT) [7]. The serum IFN-A3
content is influenced by SNPs in /FNL3 (rs8099917 T/G)

OPUTUHAJbHbBIE NCCNEAOBAHUA

and IFNL4 (rs12979860 C/T) genes. Taking into account
the above-mentioned and the fact that the contribution of
SNPs of the above genes to the development of severe
course of influenza in our country residents is practical-
ly not studied, we chose to analyze potentially possi-
ble associations of /FNL3 (rs8099917 T/G) and IFNL4
(rs12979860 C/T) gene loci with clinical variants of in-
fluenza infection course in the current study.

The main aim of the study was to identify mark-
ers of severe influenza course by variant loci of /FNL3
(rs8099917 T/G) and IFNL4 (rs12979860 C/T) genes.

Materials and methods

Patients and groups. Biological material (blood and
nasopharyngeal swabs) was collected between Octo-
ber 2020 and May 2024 from adult patients. All patients
had a virologically confirmed diagnosis of influenza.
The study was conducted with voluntary informed con-
sent of the patients. The study protocol was approved by
the ethical committee of the Infectious Disease Clinical
Hospital No. 1 (protocol No. 11/A of 16.10.2020 and
No. 8 0f 28.12.2022). Group 1 included 150 patients who
had mild influenza. The age range was 20—84 years, mean
age was 44.6 years, male to female ratio: 46.7% to 53.3%.
Group 2 included 173 patients hospitalized with moder-
ate influenza without out-of-hospital pneumonia. The age
range was 18—89 years, mean age 41.4 years, male to fe-
male ratio: 46.8% to 53.2%. Group 3 included 133 pa-
tients hospitalized with severe influenza infection and
out-of-hospital pneumonia. The age range was 18-94
years of age, the mean age was 53 years of age, the ratio
of men to women: 57.1% to 42.9%. The analyzed groups
of patients were comparable in terms of gender compo-
sition and age range (for all groups p > 0.05). The total
number of patients was 456 (226 males and 230 females),
which allowed us to obtain statistical data with a signifi-
cance level of 0.05 and a confidence interval of 4.59 [14].

Influenza virus genome identification and typing in
nasopharyngeal swabs was performed by a method com-
bining reverse transcription and polymerase chain reac-
tion (RT-PCR) using AmpliSens Influenza viruses A/B,
AmpliSens Influenza viruses A/H1-swine-FL, AmpliSens
Influenza viruses A-type FL test systems according to the
manufacturer’s recommendations (Central Research In-
stitute for Influenza Virus Research, Russia).

To analyze allelic variants of polymorphic regions of
IFNL3 (rs8099917 T/G) and IFNL4 (rs12979860 C/T)
genes, DNA was isolated from venous blood cells using
the Proba-Rapid-Genetics reagent kit (DNA-Technology,
Russia). Determination of genotypes in polymorphic re-
gions of IFNL3 (rs8099917 T/G) and IFNL4 (rs12979860
C/T) genes was performed by PCR using the Immunoge-
netics IL28B reagent kit (DNA-Technology, Russia).

Statistical analysis was carried out with the Statistica
v. 10 software package (StatSoft, USA). To assess the re-
liability of differences of analyzed parameters in patient
groups, the x* criterion and Fisher’s exact method were
used (if one of the parameters was less than 10). SNPStats
program (https://www.snpstats.net/) was used to analyze
the association of allelic variants of polymorphic regions
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of IFNL3 (rs8099917 T/G) and [FNL4 (1rs12979860
C/T) genes in different groups of patients. Groups were
compared according to 5 possible inheritance patterns:
codominant, dominant, recessive, overdominant and
log-additive. The correction g-value for multiple compar-
isons (to estimate the probability of rejection of the null
hypothesis) was calculated using the software at https://
www.sdmproject.com/utilities/?show=FDR. To assess
the significance of differences, 95% confidence interval
(95% CI), odds ratio (OR) and Akaike information crite-
rion (AIC) were calculated. The differences were consid-
ered significant at p < 0.05.

Results

The first stage of the study involved the comparison
of genetic indices for the analyzed genes in groups of
patients differing in the clinical course of influenza
infection. For this purpose, the genotyping data of
group 1 (mild influenza) were compared with the
corresponding indicators of group 2 (moderate influenza,
Table 1) and with the indicators of group 3 (severe
influenza, Table 2).

As shown by the data in Table 1, there were no
significant differences in the two groups.

As shown by the data of Tables 1 and 2, no significant
differences in the frequency of occurrence of individual
genotypes were found in three compared groups differing
in the clinical course of influenza infection. However,
there was a decrease in the proportion of CC genotype
(rs12979860) in the IFNL4 gene and TT genotype
(rs8099917) in the /FNL3 gene from group 1 to group 3.

At the next stage of the study, another criterion was
chosen: “with pneumonia” or “without pneumonia”, and
genotypes of groups with moderate and severe course
were compared. But beforehand, the influence of age on
the development of pneumonia was evaluated. For this
purpose, age subgroups were identified: 1) a subgroup
consisting of patients 18—40yearsofage (n = 140),2)41-60
years of age (n = 78), 3) 61-94 years of age (n = 88).
The Figure below shows the distribution of genotypes in
the analyzed gene loci for all age subgroups of patients.
It is visually noticeable that the CC/TT genotype is more
frequently detected in individuals without pneumonia in
all age subgroups. The emergence of the T allele changed
the ratio of cases with and without pneumonia, the ST/
TT genotype became more often detected in persons
with pneumonia over 40 years of age. With the ST/
TG genotype, the frequency of cases with and without

Table 1. Results of genotype analysis in polymorphic loci of /FNL3 (rs8099917 T/G) and IFNL4 (rs12979860 C/T) genes in patients with mild

and moderate influenza

Ta6muna 1. Pe3ynsrarsl aHann3a TCHOTUIIOB B IIOMUMOPGHBIX JT0oKycax TeHoB [FNL3 (rs8099917 T/G) u IFNL4 (rs12979860 C/T) y manuenToB

C JICTKUM U CPEAHETAKEIIBIM TCUCHUEM I'PUIITIa

1%t group 2" oroup (n = 173),
Analysis model Genotypes (n=150), abs. (%) abs. (%) OR (95% CI) p-value AIC
Monenb aHanu3a I'enoTHmBI 1-s rpymma 2-s rpymma (n = 173), OIII (95% AW) 3HavyeHue p KA
(n=150), a6c. (%) aoc. (%)
Gene / I'en IFNL4

Codominant C/C 77 (51.3) 94 (54.3) 1.00 0.86 451.8
KonomunanTHas C/T 58 (38.7) 63 (36.4) 1.12 (0.70-1.79)

T/T 15 (10.0) 16 (9.2) 1.14 (0.53-2.46)
Dominant C/C 77 (51.3) 94 (54.3) 1.00 0.59 449.8
JlomMuHaHTHas C/T-T/T 73 (48.7) 79 (45.7) 1.13 (0.73-1.75)
Recessive C/C-C/T 135 (90.0) 157 (90.8) 1.00 0.83 450.1
PeneccusHas T/T 15 (10.0) 16 (9.2) 1.09 (0.52-2.29)
Overdominant C/C-T/T 92 (61.3) 110 (63.6) 1.00 0.68 450
CBepx/IOMIHAHTHAas C/T 58 (38.7) 63 (36.4) 1.10 (0.70-1.73)
Log-additive - - - 1.09 (0.78-1.52) 0.61 449.9
Jlor-agauTuBHas

Gene / I'en /FNL3

Codominant T/T 108 (72.0) 123 (71.1) 1.00 0.97 452.1
KonomunanTHas T/G 39 (26.0) 46 (26.6) 0.97 (0.59-1.59)

G/G 3(2.0) 4(2.3) 0.85(0.19-3.90)
Dominant T/T 108 (72.0) 123 (71.1) 1.00 0.86 450.1
JlomMuHaHTHas T/G-G/G 42 (28.0) 50 (28.9) 0.96 (0.59-1.55)
Recessive T/T-T/G 147 (98.0) 169 (97.7) 1.00 0.85 450.1
PeneccuBHas G/G 3(2.0) 4(2.3) 0.86 (0.19-3.92
Overdominant T/T-G/G 111 (74.0) 127 (73.4) 1.00 0.9 450.1
CBepx/IOMHHAHTHAas T/G 39 (26.0) 46 (26.6) 0.97 (0.59-1.59)
Log-additive - - - 0.95 (0.62-1.47) 0.83 450.1

Jlor-agauTuBHas
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Table 2. Results of genotype analysis in polymorphic loci of JFNL3 (rs8099917 T/G) and IFNL4 (rs12979860 C/T) genes in patients with mild

and severe influenza

Tadaumna 2. Pe3ynbsrarsl aHann3a reHOTUIOB B MOMUMOP(HBIX ToKycax reHoB [FNL3 (rs8099917 T/G) u IFNL4 (rs12979860 C/T) y nanuenToB

C JIETKUM U TSKEJIBIM TEUECHUEM I'pUIllla

1* group (n = 150), 3 group (n = 133),
Analysis model Genotyp abs. (%) abs. (%) OR (95% CI) p-value AIC
Monenb aHanu3a I'enotums 1-s1 rpymnma 3-5 rpynna OI (95% W) 3HayeHue HKA
(n =150), a6e. (%) (n=133), a6e. (%)
Gene / I'en IFNL4
Codominant C/C 77 (51.3) 61 (45.9) 1.00 0.46 395.8
KomomunanTHas C/T 58 (38.7) 53 (39.9) 1.15 (0.70-1.90)
T/T 15 (10.0) 19 (14.3) 1.60 (0.75-3.40)
Dominant C/C 77 (51.3) 61 (45.9) 1.00 0.36 394.5
JlomuHaHTHAst C/T-T/T 73 (48.7) 72 (54.1) 1.25 (0.78-1.99)
Recessive C/C-C/T 135 (90.0) 114 (85.7) 1.00 0.27 394.1
PenieccuBHast T/T 15 (10.0) 19 (14.3) 1.50 (0.73-3.09)
Overdominant C/IC-T/T 92 (61.3) 80 (60.1) 1.00 0.84 3953
CBepx/IOMUHAHTHAs C/T 58 (38.7) 53 (39.9) 1.05 (0.65-1.69)
Log-additive - - - 1.23 (0.87-1.73) 0.23 393.9
Jlor-agmuTuBHAsS
Gene / I'en IFNL3
Codominant T/T 108 (72.0) 85 (63.9) 1.00 0.24 393.4
KomomunanTHas T/G 39 (26.0) 42 (31.6) 1.37 (0.81-2.30)
G/G 3(2.0) 6 (4.5) 2.54 (0.62—-10.46)
Dominant T/T 108 (72.0) 85 (63.9) 1.00 0.14 393.2
JlomuHaHTHAst T/G - G/G 42 (28.0) 48 (36.1) 1.45 (0.88-2.40)
Recessive T/T-T/G 147 (98.0) 127 (95.5) 1.00 0.23 393.8
PenieccuBHas G/G 3(2.0) 6 (4.5) 2.31(0.57-9.45)
Overdominant T/T-G/G 111 (74.0) 91 (68.4) 1.00 0.3 394.2
CBepx/IOMUHAHTHAs T/G 39 (26.0) 42 (31.6) 1.31 (0.78-2.20)
Log-additive - - - 1.44 (0.93-2.23) 0.099 393.6

Jlor-agmuTuBHAS

pneumonia was very close. The frequencies of pneumonia
detection at TT/TG, and TT/GG genotypes were close in
the compared age subgroups.

The proportion of patients with pneumonia in
the 18—40 age subgroup was 29.3% (n =41), in the 41-60
age subgroup was 51.3% (n = 40), and in the 61-94
age subgroup was 60.2% (n = 53), The incidence of
pneumonia in the 18-40 age subgroup was significantly
lower than in the 41-60 age subgroup (p = 0.0021) and
in the 61-94 age subgroup (p < 0.0001). Given this
difference in pneumonia detection, we further analyzed
the SNPs of IFNL3 (rs8099917 T/G) and I[FNL4
(rs12979860 C/T) genes in the subgroup of patients up to
and including 40 years of age (n = 140, pneumonia in 41),
and in the combined subgroups of patients over 40 years
of age (n = 166, pneumonia in 93). In the 1840 years
of age subgroup, no significant differences were found
when analyzing the SNPs of IFNL3 (rs8099917 T/G)
and IFNL4 (rs12979860 C/T) genes in patients with
pneumonia relative to participants without pneumonia
(data not shown). The results of a similar analysis of
patients aged 41 years and older for the pooled subgroups
are presented in Table 3.

The data in Table 3 show that patients with the C/T
or T/T genotype at the polymorphic locus (rs12979860

C/T) of the IFNL4 gene were significantly more likely
to develop pneumonia than those with genotype C/C
(OR 2.47 (1.31-4.63); p = 0.0044; ¢ = 0.0059). Changes
in the risk of pneumonia occurred with the occurrence
of a single unfavorable T allele (OR 2.02 (1.05-4.02);
p =0.006; g = 0.008). The log-additive model revealed a
significant reliable association (p = 0.0014; g = 0.0019)
and showed that two unfavorable alleles increased
the risk of pneumonia more than 2-fold: OR 2.14
(1.31-3.48). Allelic variants of the /FNL3 gene variant
locus (rs8099917 T/G) showed a weak association of the
G allele with pneumonia (p = 0.03; ¢ = 0.045) in a log-
additive model.

It is known that infection with influenza A(HINT1)
pdm09 virus more often leads to severe course of
influenza and development of pneumonia. In this regard,
different strains of influenza virus were found in the
analyzed groups and subgroups. Slight differences were
observed in the group with moderate and severe course:
influenza A(H3N2) virus was detected more often in
the group with moderate course (49.1% vs. 40.6%),
influenza A(H1N1)pdm09 virus was detected more often
in patients with severe course (39.1% vs. 28.9%), but
nowhere the level of statistically significant reliability
was reached (p > 0.05). Influenza B/Victoria virus and
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Figure. Distribution of genotypes by loci of the /FNL3 (rs8099917 T/G) and IFNL4 (rs12979860 C/T) genes,
taking into account age subgroups.

The percentages are calculated for the entire group. The TT/TT genotype is not included due to the small number.
Pucynok. PacnpesesneHue reHOTHIIOB 110 JIoKycaM reHoB [FNL3 (1s8099917 T/G) u IFNL4 (rs12979860 C/T) ¢ y4eTtom BO3pacTHBIX
MIOATPYIIIL.

IponeHTs! paccuntansl Ha Bero rpymy. enotun TT/TT He BKIIIOUYEH H3-3a MaJIOYUCICHHOCTH.

Table 3. Results of genotype analysis in polymorphic loci of /JFNL3 (rs8099917 T/G) and IFNL4 (rs12979860 C/T) genes in patients over 41 years of age

Tadauma 3. Pe3ynsrarsl aHaaM3a TEHOTUIIOB B MOTMMOPQHBIX JoKycax reHoB /FNL3 (rs8099917 T/G) u IFNL4 (rs12979860 C/T) y nanueHnToB
crapme 41 roga

Patients without pneumonia Patients with pneumonia
Analysis model Genotyp (n=173), abs. (%) (n=293), abs. (%) OR (95% CI) p-value (q) AIC
Mopnenb aHanu3a T'enorumst IMaueHTs! 6€3 THEBMOHUH ITanmeHTs! ¢ THEBMOHUEH OIII (95% AN) 3nauenue p (q) KA
(n=173), abc. (%) (n=293), abc. (%)
Gene / I'en [FNL4
Codominant C/C 46 (63.0) 38 (40.9) 1.00 0.006 (0.008) 223.5
KonomunaHnTHast C/T 23 (31.5) 39 (41.9) 2.02 (1.05-4.02)
T/T 4(5.5) 16 (17.2) 4.84 (1.49-15.71)
Dominant C/C 46 (63.0) 38 (40.9) 1.00 0.0044 (0.0059)  223.6
JloMuHaHTHAS C/T-T/T 27 (37.0) 55 (59.1) 2.47 (1.31-4.63)
Recessive C/C-C/T 69 (94.5) 77 (82.8) 1.00 0.017 (0.0227) 226
Peneccunas T/T 4(5.5) 16 (17.2) 3.58 (1.14-11.24)
Overdominant C/C-T/T 50 (68.5) 54 (58.1) 1.00 0.17 229.8
CBepx/IOMUHaHTHAs C/T 23 (31.5) 39 (41.9) 1.57 (0.83-2.99)
Log-additive - - - 2.14(1.31-3.48)  0.0014 (0.0019)  221.5
Jlor-agnutuBHas
Gene / I'en [FNL3
Codominant T/T 55 (75.3) 58 (62.4) 1.00 0.066 2283
KonomunanTHas T/G 17 (23.3) 28 (30.1) 1.56 (0.77-3.17)
G/G 1(1.4) 7(5.5)

Dominant T/T 55 (75.3) 58 (62.4) 1.00 0.073 228.5
JlomuHaHTHas T/G-G/G 18 (24.7) 35(37.6) 1.84 (0.94-3.63)
Recessive T/T-T/G 72 (98.6) 86 (92.5) 1.00 0.049 (0.065) 227.8
PeneccuBnas G/G 1(1.4) 7(7.5) 5.86 (0.70-48.76
Overdominant T/T-G/G 56 (76.7) 65 (69.9) 1.00 0.32 230.0
CBepx/IOMUHaHTHAs T/G 17 (23.3) 28 (30.1) 1.42 (0.70-2.86)
Log-additive - - - 1.00 0.03 (0.045) 227.0
Jlor-agnutuBHas 1.86 (1.04-3.31)
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one case of B/Yamagata (in a patient with pneumonia)
were detected with similar frequency (22.0% vs. 21.8%).
In patients older than 41 years of age, the incidence of
these three virus strains also did not differ significantly
(p = 0.0922 for A(H3N2); p = 0.1295 for A(HIN1)
pdm09; p = 0.9771 for influenza B virus). Thus, virus
strains could not significantly influence the development
of pneumonia, which is important for the compared
subgroups of patients older than 41 years. It has been
established that the frequent development of pneumonia
in A(HIN1)pdmO9 virus infection is characteristic of the
virus variant with mutations leading to the substitution
of an asparagic acid residue for a tyrosine or asparagine
residue in the receptor-binding site of hemagglutinin at
position 222 [15]. However, this mutant variant of the
A(HIN1)pdmO09 virus has not been widely prevalent.

Discussion

Earlier, in 2017, domestic researchers A.A. Kurdin
et al. analyzing the same genes and polymorphisms
in 100 influenza patients withamoderatetosevere course
and 115 patients with a mild course of infection showed
that these groups of patients differed significantly
in the frequency of SS (2.5% vs. 79.1%), ST (95.0%
vs. 21.7%) and TT (6.5% vs. 0%) genotype detection
[16]. Our study included 456 patients, but no similar
differences were obtained (Table 1). A.A. Kurdin et al.
did not describe the method of genetic polymorphism
detection and the characterization of primers or kits.
In 2019, Iranian scientists M. Keshavarz et al., studying
the polymorphism of inflammatory cytokine genes and
IFNL3 gene (rs8099917 T/G) in 80 cases of severe
influenza and 96 cases of influenza-like illnesses in
the Iranian population, showed that the frequency
of T and G alleles in the compared groups had no
significant differences [17]. In our study, the number
of participants was significantly larger, the population
of our country has different genetic characteristics.
Though the main point to take into account is that
M. Keshavarz et al. made an unsuccessful choice
of the comparison group. It was not contrasted to
participants with severe influenza (it would have
been optimal to use a group with mild influenza
or people who rarely get influenza). In the study by
M. Keshavarz et al., the comparison group was formed
from patients with influenza-like illnesses.

According to the data of the present study, severe course
of influenza infection complicated by community-ac-
quired pneumonia was significantly less frequently ob-
served in patients aged 18—40 years of age than in patients
of41 years of age and older. In persons older than 60 years
of age, out-of-hospital pneumonia was most frequently
observed. Analysis of groups of patients over 41 years of
age with moderate and severe course of infection showed
that the association with the development of pneumo-
nia was observed for allelic variants of the /FNL4 gene
(rs12979860 C/T) and significantly weaker for the variant
locus of the IFNL3 gene (rs8099917 T/G). Patients with
genotype C/C (IFNL4, 1s12979860 C/T) were significant-
ly less likely to develop community-acquired pneumonia

OPUTUHAJbHbBIE NCCNEAOBAHUA

than carriers of other genotypes. Patients with the C/T
genotype were significantly more likely to have pneu-
monia, i.e. the appearance of the T allele increased the
risk of pneumonia. This pattern did not apply to young-
er participants (18—40 years of age). It is known that at
a young age the innate and adaptive immune response
functions optimally [18]. Obviously, therefore, the risk
of pneumonia development was reduced in the group of
participants from 18 to 40 years of age. Age-matched pa-
tients have been shown to have a decreased adaptive im-
mune response with preservation of the innate link [18].
Therefore, it is likely that we were able to detect the asso-
ciation of SNPs of IFNL4 (rs12979860 C/T) and /FNL3
(rs8099917 T/G) genes, influencing IFN-A3 expression,
with the development of pneumonia in influenza infec-
tion in patients older than 41 years of age. According to
the data of the presented study, genetic markers of in-
creased risk of developing out-of-hospital pneumonia in
influenza are the presence of T allele in the variable locus
of the /FNL4 gene (rs12979860 C/T) and, to a lesser ex-
tent, G allele in the polymorphic locus of the /FFNL3 gene
(rs8099917 T/G).

Conclusion

Influenza can be complicated by the development of
community-acquired pneumonia, which is the most com-
mon cause of death in this infection. In this regard, the
present study analyzed a number of factors influencing
the development of pneumonia in influenza infection.
One such factor is age. Persons over 40 years of age and
especially over 60 years of age are most susceptible to
influenza complicated by pneumonia, which once again
emphasizes the need for annual influenza vaccination
of this group of persons. The main aim of the present-
ed study was to investigate the role of polymorphisms
in innate immunity genes /FNL3 (rs8099917 T/G) and
IFNL4 (rs12979860 C/T) affecting IFN-A3 production
in the development of pneumonia in influenza infection.
It was found that of the two genes analyzed, the SNPs in
the IFNL4 (rs12979860 C/T) gene were the most signif-
icant. It was shown that patients older than 41 years of
age with genotype C/T or T/T at the polymorphic locus
of the IFNL4 gene (rs12979860 C/T) were significantly
more likely to develop pneumonia than those with geno-
type C/C (OR 2.47 (1.31-4.63); p = 0.0044; g = 0.0059).
The occurrence of one unfavorable T allele increased
the risk of pneumonia (OR 2.02 (1.05-4.02); p = 0.006;
g = 0.008). Two unfavorable alleles increased the risk
more than two-fold: OR 2.14 (1.31-3.48); p = 0.0014;
g = 0.0019. Allelic variants of the variable locus of the
IFNL3 gene (rs8099917 T/G) showed a weaker associa-
tion of the G allele with pneumonia (OR 1.86 (1.04-3.31);
p = 0.03; ¢ = 0.045). Thus, genetic markers which have
increased risk of developing out-of-hospital pneumonia
in influenza are the presence of the T allele in the /FNL4
gene variable locus (rs12979860 C/T) and, to a lesser ex-
tent, the G allele in the /FNL3 gene polymorphic locus
(rs8099917 T/G). This study is exploratory in nature and
is aimed at developing a database of genetic markers for
personalized predictive and preventive medicine.
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