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Abstract

Introduction. Campylobacteriosis is among the leading causes of acute gastrointestinal infections. The severity
of campylobacteriosis and the development of long-term complications may be influenced by the genotype of the
pathogen, whose biological properties can affect immune response parameters.

The aim of the study was to identify common genotypes of epidemic clones of Campylobacter pathogens and to
investigate characteristics of the immune response and severity of the disease.

Materials and methods. The study included 203 patients aged from 1 month to 17 years with campylobacteriosis
who underwent treatment at the clinic of the Federal State Budgetary Institution "DNKCIB FMBA" in 2019-2021.
The diagnosis was confirmed using polymerase chain reaction method. Patient samples were also analyzed
using culture-based methods. Total DNA was extracted using the QIAamp DNA Mini Kit. Genetic determinants
encoding virulence factors and MLST typing were performed using the ResFinder program. The immune status
of patients was assessed on days 1 and 7 of the illness. Immunological investigation included measurement of
serum immunoglobulin concentrations (IgA, IgM, IgG), C-reactive protein, and cytokines (IL-13, IL-1, IL-2, IL-4,
IL-5, IL-6, IL- 7, IL-8, IL-10, TNF-a, and IFN-y).

Results. When analyzing the frequency of detection of Campylobacter sequence types in children with clinical
intestinal infections, it was found that the profile of isolated isolates is most similar to those from countries of North
America (USA and Canada), Northern Europe (Great Britain, Holland ) and Scandinavia (Denmark, Sweden,
Finland). Identification of a pathogen with the flgE*, cdtA*, cdtC* genotype was accompanied by a statistically
significant increase in the level of IL-8 and a decrease in the content of IgA in the peripheral blood serum, which
reflected the low efficiency of the immune response during infection with Campylobacter and predetermined the
severe course of the infectious process during the disease.
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Kamnuno6akreprnos: reHoTunmyeckas xapakrepuctmka
BO36yAnTENA N UMMYHONOIMYECKNI CTaTyC NaLeHTOB
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[eTCKMIA HayYHO-KIIMHNYECKNIA LEHTP MHPEKUMOHHbIX 6one3Hel, CaHKT-MeTepbypr, Poccus;
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AHHOMauyusi

BBepneHue. Kamnunobaktepum BXOAAT B YMCMO BeAYLLMX BO3OyaUTENEN OCTPbIX KULLIEYHbIX MHAEKUMIN. TsHKeCTb
kamnunobakteprosa u opMUPOBaHNE OTAANEHHBIX OCMOXHEHWUI MOTYT ObITb 0OYCNOBMNEHbI FreHOTUNOM BO36Yy-
avTens, buonornyeckme CBOMCTBa KOTOPOro OKa3bIBalOT BIUSIHUE HA NapameTpbl UMMYHHOTO OTBETa.

Lenblo nccnegoBaHua ABunucb obHapyxeHne Hanbonee pacnpocTpaHEHHbIX FEHOTMMNOB 3NUOEMUYECKUX KITO-
HOB BO30yauTenen kamnunobakrepmnosa 1 oLeHka Xxapaktepa UMMYHHOIO OTBETa U TSXKeCTU 3aboneBaHus.
MaTepuanbl u metoabl. B nccneposaHue BkntodeHbl 203 naumeHTa B Bo3pacTte oT 1 mec o 17 nert ¢ kamnu-
nobakteprosom, npoxoguswmnx neveHne B 2019-2021 rr. B knuHuke OHKLUNB ®MBA. MopTteepxaeHne gua-
rHO3a OCYLLECTBMSANU METOAOM NONMMMEpPasHoON LenHon peakumm. Mpobbl NaLMEHTOB Takke nccnegoBany Kyrb-
TypanbHbIM MeTogoMm. TotanbHyto OHK Bblgenanu ¢ ncnons3oBaHnem Habopa «QIAamp DNA Mini Kit». Mouck
reHeTUYeCKNX OeTEPMUHAHT, KOAMPYOLLMX hakTopbl BUPYnNeHTHocTH, n MLST-TunnpoBaHve npoBoaunm B nporpam-
Me «ResFinder». UMMyHHBI cTaTyc nauMeHToB u3yyanu Ha 1- n 7-in aHu 3aboneBaHusi. IMMyHonoruyeckoe
nccrefoBaHWe BKIKOYarno onpegerneHme KOHUEHTpauMn CbiIBOPOTOYHbIX MMMYHOrMoGynvMHoB knaccoB A, M, G,
C-peaktuHoro 6enka, uHtepnerkuHos-14, -1, -2, -4, -5, -6, -7, -8, -10, cpakTopa Hekpo3a onyxonu-a u nHrepde-
poHa-y.

PesynbraTthl. Npn aHannse pacnpoCTpaHEHHOCTU CUMKBEHC-TUMOB KaMnunobakTepUn, BbISIBMEHHbIX Yy OETEW C
KIVMHUKOWM KMLLEYHON MHEKLMMW, YCTAHOBNEHO, YTO Hanbornee CXoXuUM SABNAETCs Npodunb BblAensemblX 3ong-
ToB B cTpaHax CesepHoii Amepuku (CLLA n KaHaga), CesepHoi EBponbl (Benvko6putanuu, lNonnangms) n CkaH-
anHasum (JaHus, Weeuus, PuHnaHoms). BeiseneHne Bo3dyantens ¢ reHotunom figE*, cdtA*, cdtC* conpoBoxaa-
NOCb CTaTUCTUYECKN 3HAYMMbIM MOBLILLEHNEM YPOBHS UHTEPMENKUHa-8, NOHWXKEHNEM cogepxaHns IgA B CbiBo-
pOTKe NepudepuyecKkomn KpoBY, YTO OTpaKarno HU3Ky ahEKTUBHOCTb MMMYHHOTO OTBETA NPU MHPULIMPOBAHWN
KamnunobakTepmamn 1 Nnpeaonpenensano TSHKENoe TedeHne MHPEKLMOHHOIO npolecca npu 3abonesaHmu.
3akntoueHue. YunTbiBasa BbICOKYH 3HAYMMOCTb KamnunobakTepuosa n Hanuume CBA3n Mexay reHoTMNnom BO3-
OyauTens n ocobeHHOCTAMM MMMYHHOTO pearnpoBaHusi, LienecoobpasHo AanbHeiee u3yyeHme reHoTUnoBoro
cocTaBa UMPKyNMpyoLWmMX Bo3byamTenen Ans OLUEHKM pucka pas3Butms TSHXENbIX dopM 3aboneBaHns n chopmu-
poBaHus OTAANEHHbBIX OCNOXHEHW 3aboneBaHms.

KnioueBble cnoBa: kamnuinobakmepuos, UUMOKUHBI, MOTHO2eHOMHoe cekgeHuposaHue [HK, ummyHonoauye-
cKuli cmamyc

3muueckoe ymeepxdeHue. ViccnenoBaHvie NpoBOANUINOCH Npy 4OGPOBONLHOM UH(OPMUPOBAHHOM COTfiacuy naum-
€HTOB UMK X 3aKOHHbIX NpeacTasuTeneit. MpoTokon nccnegosaHust ofobpeH JlokarnbHbIM 3TUYECKUM KOMUTETOM MpK
OHKLB ®MBA (npotokon Ne 11 ot 05.03.2019).

UcmoyHuk ¢huHaHcupoeaHusi. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUM BHELLHEro hMHaHCUpPOBaHWSA Npyu NPOBeAEHNN 1C-
crnenoBaHus.

KoHgbniukm unmepecoe. ABTOPbI AEKNApUPYOT OTCYTCTBME SIBHBLIX M MOTEHLMATbHBIX KOH(IIMKTOB MHTEPECOoB, CBSi-
3aHHbIX C NyGnuKaLmeit HacTosALLei CTaTbu.
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Introduction identify “epidemic clones” — virulent strains capable

Campylobacter spp. are one of the leading caus-
ative agents of acute intestinal infections (All) in de-
veloped countries, exceeding in some regions the fre-
quency of salmonellosis and escherichiosis registration.
They are the cause of one third of cases of “travelers'
diarrhea” among residents of industrial countries vis-
iting regions with high levels of Campylobacter spp.
circulation [1]. According to the latest WHO data, cam-
pylobacteriosis is one of the most common foodborne
infectious diseases. Campylobacteriosis is being reg-
istered in all age groups, more often in children aged
1 to 5 years. Relative increase in disease cases is ob-
served in older children and young people (compared
to other age categories). Thermophilic Campylobacter
species (TC) C. jejuni And C. coli [2] are of greatest
importance in human infectious pathology, as they are
characterized by a variety of genetic determinants that
influence the pathogenetic and clinical features of the
disease.

Unlike other pathogens of acute intestinal infec-
tions of a bacterial nature, thermophilic Campylobacter
spp. are considered one of the most difficult micro-
organisms to cultivate, requiring special conditions
and equipment. The isolation of a pure culture of the
pathogen from stool samples for campylobacteriosis
laboratory diagnosis is challenging due to their massive
concomitant microbial contamination. In this regard, in-
formation on the incidence of this infection is fragmen-
tary and does not provide a complete picture of its real
spread [3, 4]. In recent years, the use of molecular re-
search methods was considered not as an alternative, but
as a mandatory addition to regulated diagnostic schemes
for acute intestinal infections, allowing for the rapid and
effective identification of pathogens of acute intestinal
infections, including thermophilic Campylobacter spp.
At the same time, it does not imply species identification
and determination of sensitivity to antimicrobial drugs.

It is known that most Campylobacter spp. are re-
sistant to the action of bile [5] and have the ability to
colonize all parts of the intestine causing inflammation,
edema, hyperplasia of the mucous membrane and ero-
sions [6] . The pathogenic properties of campylobac-
teria are largely determined by their mobility, ability
to adhere, invade and produce toxins. The flagella of
campylobacteria determine their motility and move-
ment along the epithelium [7, 8]. Adhesion and pene-
tration of enterocytes contributes to the destruction of
the intestinal mucosa, a pronounced inflammatory re-
action and the development of hemorrhagic colitis [9].
Severe forms of campylobacteriosis are associated with
the production of heat-stable and/or heat-labile entero-
toxins and/or endotoxin (cell wall lipopolysaccharide),
which affect the absorption of fluid and electrolytes, de-
termining the development of diarrhea [10].

Campilobacter spp. genotyping methods are very
important for epidemiological analysis allowing to

of widespread distribution [11]. The study of the domi-
nant genotypes of Campylobacter spp. can significant-
ly supplement epidemiological monitoring, providing
important information about the sources of infection,
current transmission factors, and also assess the extent
of the spread of resistance to antibacterial drugs [12]. It
also cannot be ruled out that determining the genotype of
the causative agent of campylobacteriosis may help clar-
ify the prognosis of the severity of the infectious process
and select the optimal drug therapy regimen [13].

Many researchers suggest that clinical manifes-
tations of campylobacteriosis are largely due to the
body's immune response [14]. Immunopathological
reactions also predetermine numerous post-infectious
complications, in particular, the development of Guil-
lain—Barré syndrome, reactive arthritis and irritable
bowel syndrome [15]. The variety of clinical forms
and complications of campylobacteriosis determines
special interest in the study of its pathogenesis, in-
cluding the characteristics of the body’s immune re-
sponse to this disease [16, 17]. At the same time, the
severity of the infectious process and the formation
of long-term complications can be determined by the
genotype of the pathogen, the biological properties
of which influence the parameters of the immune re-
sponse [18]. That is why the features of the spread
of epidemic clones, the association of the pathogen
genotype with the severity of the disease and the im-
mune response are of undoubted interest.

The purpose of this study was to detect the most
common genotypes of epidemic campylobacteria
clones and assess the nature of the immune response
and the severity of the disease, taking into account the
genotypic characteristics of pathogen.

Materials and methods

The study included 203 patients aged from 1
month to 17 years (mean age 4.8 + 1.2 years) with a
diagnosis of the underlying disease campylobacteriosis,
treated in 2019-2021 at the PRCID clinic. The study
was carried out with voluntary informed consent from
the legal representatives of minor patients. The docu-
mentation and design of the study were approved at a
meeting of the Local Ethics Committee at the FMBA
(Protocol No. 11 of 03/05/2019).

To assess the severity of campylobacteriosis, the
Clarke scale was used based on a score of the severity
and duration of fever, diarrhea syndrome, vomiting and
the general condition of the patient (Table 1). A score
of more than 16 points corresponded to the severe form
of campylobacteriosis.

The diagnosis of campylobacteriosis was con-
firmed based on the results of studies of stool samples
using the polymerase chain reaction method with hy-
bridization-fluorescence detection using the AmpliSens
AlI screen-FL reagent kit (Central Research Institute
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Table 1. Clarke scale for assessing the severity of acute intestinal infections in children

Severity of disease manifestations

Severity criterion

1 point 2 points 3 points
Number of bowel movements per day 2-4 5-7 >8
Duration of diarrhea, days 1-4 5-7 >8
Number of vomiting episodes per day 1-3 4-6 >7
Duration of vomiting, days 2 3-5 >6
Increase in body temperature, °C 37,1-38,2 38,3-38,7 > 38,8
Duration of fever, days 1-2 3-4 >5

s Convulsions or a loss

Changes general state Agitation or refusal to play Lethargy or apathy of CONsCIOUSNEss
Duration of conservation pathological 1- 3.4 5

behavioral symptoms, days

of Epidemiology of Rospotrebnadzor) for the detec-
tion and differentiation of DNA (RNA) of microor-
ganisms of the genus Shigella spp./EIEC, Salmonella
spp., Campylobacter spp. (thermophilic), Adenovirus
(group F), Rotavirus (group A), Norovirus (genotype 2)
and Astrovirus. Samples in which fluorescence levels
were consistent with genetic determinants of thermo-
philic Campylobacter spp. were studied by the cultural
method according to the Guidelines “Microbiological
diagnosis of campylobacteriosis” No. 01/15702-8-34.
To isolate Campylobacter strains spp., the following
nutrient media were used: Columbia agar containing
sheep blood (Sredoff LLC) and charcoal agar with a se-
lective additive (Oxoid). Inoculation on nutrient media
was carried out using cellulose acetate filters (Sartori-
us) with a pore diameter of 0.45 um. Campylobacter
cultivation was carried out under microaerophilic con-
ditions at 42°C for 48 hours using CO2GEN gas-gener-
ating packages (ThermoFisher).

For species identification, traditional routine tests
were used based on the determination of key pheno-
typic characters: cell morphology and relation to Gram
staining, cytochrome oxidase and catalase production,
hydrolysis of sodium hippurate and indoxyl acetate, as
well as MALDI-TOF mass spectrometry (Bruker Dal-
tonik MALDI Biotyper).

Total DNA from bacterial strains was isolat-
ed using the QIAam p kit DNA Mini Kit (Qiagen).
Whole-genome DNA sequencing was performed us-
ing the MiSeq (Illumina) and DNBSEQ-G50 (MGI)
sequencing platforms with read lengths of 2x300 and
2x100. Raw readings were processed by Trim Galore
v.0.6.7 program to remove adapter sequences and trim
for quality. Processing quality control was carried
out using the FastQC v.0.11.9 program. The genomes
were assembled de novo using SPAdes assembler
v.3.13.1 software. The assembly results were evaluat-
ed in QUAST v.5.2.0 program. The search for genetic

determinants encoding virulence factors and MLST
typing were carried out using the online resource plat-
form Center for Genomic Epidemiology'.

The study of immune status was carried out on the
I*tand 7" days of the disease. The immunological study
included the quantitation of serum immunoglobulins
(Ig) classes A, M, G, C-reactive protein, cytokines: in-
terleukin (IL) -1B, -1, -2, -4, -5, -6, -7, -8, -10, tumor
necrosis factor-a and interferon y. The concentration
of serum IgA, 1gM, IgG and cytokines was assessed
using an enzyme-linked immunosorbent assay (Vec-
tor-Best-Baltika). Fecal calprotectin (a non-inva-
sive marker of neutrophilic intestinal inflammation)
in stool samples was determined using a sandwich
version of an enzyme-linked immunosorbent assay
(R-Biopharm AG).

Statistical processing of the obtained data was
carried out using the Statistica program for Windows
v.10" (StatSoft). Quantitative indicators were assessed
by compliance with the normal distribution using the
Shapiro—Wilk criteria (for the number of subjects less
than 50) and the Kolmogorov—Smirnov criterion (for
the number of subjects more than 50). Quantitative in-
dicators with a normal distribution were combined in-
to variation series, in which arithmetic means (M) and
standard deviations (SD) were calculated. Sets of quan-
titative indicators, the distribution of which differed
from normal, were described using the values of the
median and the lower and upper quartiles Me [Q; Q,].
When comparing average values in normally distribut-
ed sets of quantitative data, the Student t-test was used;
when comparing independent sets in cases where there
were no signs of normal distribution of data, the Mann—
Whitney U test was used.

' Center for Genomic Epidemiology.
URL: http://www.genomicepidemiology.org/services
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Results
Clinical and laboratory data

The average severity of campylobacteriosis on
the Clark scale was 12.6 + 1.6 points. The severity of
campylobacteriosis was assessed as moderate in 156
(76.85%) children, severe in 35 (17.24%), and mild in
12 (5.91%). Changes in the hemogram on the 1* day
were characterized by neutrophilic leukocytosis in the
range of 15-35 x 10 ?cells/l and acceleration of ESR in
the range of 2040 mm/h. During repeated studies on
the 7% day, 16 (7.88%) patients still had minor devia-
tions of hemogram parameters from normal values. An
increase in the level of C-reactive protein was detected
in 70.44% of patients. A strong positive correlation was
established between the severity of campylobacteriosis,
the total level of leukocytes (» = 0.56; p = 0.047) and
C-reactive protein (» = 0.63; p = 0.016). Analysis of the
levels of fecal calprotectin revealed a tendency towards
its lower content in the blood serum of patients with a
moderate form of the disease, compared to the severe
form — 120.59 + 47.21 and 242.80 + 105.99 pg/g, re-
spectively (p > 0.05).

Immunological status of patients
with campylobacteriosis

The study of cytokine status showed that the level
of interferon-y and tumor necrosis factor-o were with-
in the reference values and did not differ significantly
in patients with different degrees of campylobacterio-
sis severity. The most significant results were obtained
when analyzing the pro-inflammatory cytokines IL-1p,
-6, -8 and regulatory IL-10 (Fig. 1).

On the 1* day of the disease, an increase in the
level of IL-1p was detected in patients with moderate
and severe forms of campylobacteriosis, IL-6 — only
in patients with severe forms. The concentrations of
these cytokines decreased by the 7" day of the disease,
but only IL-6 levels reached normal reference values.
Despite the fact that the level of IL-8 in a significant
proportion of patients (44.1%) on the 1% day was with-
in the reference values, there was a statistically signi-
ficant increase in this indicator in patients with severe
campylobacteriosis compared with the rest children
(» =0.002). An increase in this marker on the 1 day of
the disease was one of the most significant predictors of
severe campylobacteriosis (OR =7.6 £ 1.7; p <0.001).
A strong correlation was found between the level of
IL-8 and the severity of campylobacteriosis
(r=0.781; p = 0.006). By the 7" day of the disease,
this indicator decreased in all patients, but in severe
cases of campylobacteriosis remained significantly
higher than normal.

The regulatory cytokine IL-10 in all patients on
the 1% day of the disease did not exceed the reference
values. At the same time, on the 7" day, this indicator
significantly exceeded reference level in patients with

severe campylobacteriosis, which can be explained by a
compensatory reaction of the body aimed at preventing
the development of allergic and autoimmune processes.
A study of the concentrations of Ig, IgM and IgG
on the 1% day of the disease showed that, regardless of
the severity of the infection, they were within the ref-
erence values. By day 7, there was an increase in the
average level of immunoglobulins, statistically signifi-
cant for IgA and IgM (p = 0.003 and p = 0.021, respec-
tively). Both classes of immunoglobulins are produced
during the acute period of the immune response, which
appear in the blood upon first contact with infection.
Thermotolerant Campylobacter spp. were isolated
by cultural method in 48 out of 203 studied stool sam-
ples from 28 children with gastroenteric and 20 with
enterocolitic variants of campylobacteriosis, of which 6
(12.50%) had a mild disease, 30 (62.50%) had a moder-
ate course and 12 ( 25.00%) — severe disease. Species
identification revealed that 32 strains belonged to the
species C. jejuni, 16 strains belonged to C. coli.

Frequency of detection of campylobacter
virulence genes

Key virulence genes responsible for cheiotaxis,
adhesion and colonization, invasion, morphogenesis of
flagella and capsule, production of toxins and sidero-
phores were present in all isolated strains of C. jejuni
and C. coli (Table 2).

Analysis of genetic determinants of pathogenicity
showed that genes associated with motility (flaA, flaB,
fhA, fhB, figB, figE, fliM, fliY), adhesion (cadF, dnal,
jlpA, pldA, racR, virB11), colonization (cheA, cheB,
cheR, cheW, cheY, cheZ), invasion (iamA, ciaB, ceu
E), synthesis of toxins (cdtA, cdtB, cdtC, wlaN), cap-
sule (kpsM) and siderophores (cfrA, Fur) without sta-
tistically significant differences were found in C. jejuni
and C. coli strains.

The prevalence of genes encoding flagellin syn-
thesis, according to the total data, ranged from 62.50%
(flaB) to 100% (flaA, figB, fliM, fliY). Analysis of the
results of detection of genes associated with adhesion
showed that all strains contained the dna J gene. No
statistical differences in the presence of genetic deter-
minants encoding the ability to chemotaxis were detect-
ed. All strains were characterized by the presence of the
cdtB gene, responsible for the production of a cytolethal
toxin involved in the suppression of the proliferation of
enterocytes with their subsequent death. Invasion-asso-
ciated genes iamA, ciaB, ceuE were identified in 91.67,
87.50, 83.33% of Campylobacter strains spp., respec-
tively. Analysis of the presence of genetic virulence de-
terminants encoding the synthesis of the capsule and
siderophores did not reveal significant differences in
the strains of C. jejuni and C. coli.

Campylobacter spp. characterized by virulence
genotype flgE*, cdtA*" and cdtC* was found in 83.3% of
patients with severe campylobacteriosis. According to
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Fig. 1. Concentration of cytokines in the blood serum of children with moderate and severe forms of campylobacteriosis

on days 1 and 7 of the disease (n = 42).
Here and in Fig. 2: * p < 0.05, ** p < 0.001. Reference values are highlighted by a frame.

1 7 1 7 1 7 1 7

Moderate Severe Moderate Severe Moderate Severe

IgA 1gG IgM

Day of illness

Fig. 2. Dynamics of the level of serum immunoglobulins in children with campylobacteriosis (n = 46).
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Table 2. Frequency of detection of virulence genes in Campylobacter strains spp.
Genes and factors C. jejuni (n = 32) C. coli (n = 16) ) Total (n = 48)
virulence R % R % R %
Mobility
flaA 32 100,00 16 100,00 0,05 48 100,00
flaB 16 50,00 14 87,50 0,011 30 62,50
flnA 28 87,50 12 75,00 0,05 40 83,33
flnB 30 93,75 14 87,50 0,05 44 91,67
flgB 32 100,00 16 100,00 0,05 48 100,00
flge 25 78,13 16 100,00 0,05 41 85,42
fliM 32 100,00 16 100,00 0,05 48 100,00
fliy 32 100,00 16 100,00 0,05 48 100,00
Adhesion
cadF 29 90,63 12 75,00 0,05 41 85,42
dnaJ 32 100,00 16 100,00 0,05 48 100,00
jlpA 20 62,50 7 43,75 0,05 27 56,25
pldA 22 68,75 7 43,75 0,05 29 60,42
racR 28 87,50 12 75,00 0,05 40 83,33
virB11 11 34,38 5 31,25 0,05 16 33,33
Chemotaxis
cheA 30 93,75 16 100,00 0,05 46 95,83
cheB 31 96,88 13 81,25 0,05 44 91,67
cheR 24 75,00 12 75,00 0,05 36 75,00
cheW 30 93,75 10 62,50 0,0062 40 83,33
cheY 31 96,88 15 93,75 0,05 46 95,83
cheZ 28 87,50 9 56,25 0,015 37 77,08
Infestation
iamA 29 90,63 15 93,75 0,05 44 91,67
ciaB 29 90,63 13 81,25 0,05 42 87,50
ceuE 24 75,00 16 100,00 0,05 40 83,33
Toxins
cdtA 20 62,50 10 55,56 0,05 30 62,50
cdtB 32 100,00 16 100,00 0,05 48 100,00
cdtC 21 65,63 12 75,00 0,05 33 68,75
wilaN 4 12,50 2 12,50 0,05 6 12,50
Capsule
kpsM 29 90,63 13 81,25 0,05 42 87,50
Siderophores
cfrA 27 84,38 11 68,75 0,05 38 79,17
Fur 30 93,75 14 87,50 0,05 44 91,67
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multivariate analysis, this genotype increases the like-
lihood of severe campylobacteriosis by 12.57 [3.159;
50.019] times (p < 0.001).

Sequence types Campylobacters and their
geographical distribution

Phylogenetic analysis showed that some strains
classified as C. jejuni formed a separate genetically dis-
tinct group. In 8 strains, some alleles belonging to the
C. jejuni taxonomic cluster were also found in C. coli
and vice versa, caused by the genetic mosaic occurring
within the genus.

A comparison of the diversity of constitutional
genes in C. coli and C. jejuni was performed. Among
32 C. jejuni strains, multilocus sequencing typing
(MLST) revealed 18 different MLST sequence types,
which were sorted into 12 different complexes. The
geographical distribution of the identified genotypes in
other regions of the world is presented in Table. 3.

When matching sequence types of Campylobac-
ters isolated from patients with data from international
databases, the similar sequence types were shown to be
most common in North America ( USA and Canada),
Northern Europe (Great Britain, Holland) and Scandi-
navia (Denmark, Sweden, Finland). Among 16 C. coli
strains, 10 different types of MLST sequences were de-
tected. Various types of sequences are maximally rep-
resented in Great Britain, Holland and Luxembourg.
The nature of the geographical distribution of isolated
C. jejuni and C. coli in patients in the study had a num-
ber of similarities, in particular, the dominance of se-
quence types, most common in Northern Europe, was
noted. Close socio-economic ties and geographic prox-
imity of the countries represented create the prerequi-
sites for the multiple routes of the pathogen transmis-
sion, which probably explains such a distribution.

Discussion

Contradictions and lack of consistency in data on
the forms of the disease and severity are associated with
the pathogenic potential of the pathogen and differences
in the immune response. Previous studies have demon-
strated the high conservation of flagellar genes, which
are critical virulence factors [19, 20] ensuring the colo-
nization and survival of campylobacteria [21]. Flagella
are necessary to resist intestinal motility, which might
otherwise displace the microorganism from the gastro-
intestinal tract [22]. The flagellar filament consists of
the protein flagellin, which is encoded by two adjacent
genes: flaA and flaB. In the works of L. Koolman et al.
flaB-negative campylobacters have been shown to ex-
hibit partial motility and can remain viable [23]. How-
ever, in a number of other studies there was evidence
that the absence of flaB reduced the colonization abil-
ity and virulence of the pathogen [24]. It is also worth
noting that the absence of flaB was significantly more
often detected in C. jejuni isolates compared to C. coli.

ORIGINAL RESEARCHES

Genes flaA and flaB involved in the assembly of
flagella, according to L. Koolman et al., are critical for
invasion [25]. Not a single strain that lacked both genes
simultaneously was isolated in this study, which partial-
ly confirms this hypothesis.

When analyzing the frequency of detection of vir-
ulence genes, attention was drawn to the rare detection
of the virB11 and wiaN genes. The virB11 gene en-
codes proteins responsible for adhesion to enterocytes
[25]. According to D. Bacon et al., identification of the
vir B11 gene led to a sharp increase in the ability of
adhesion compared to wild-type strains [26]. Similarly,
the wlaN gene that encodes a b-1,3-galactosyltransfer-
ase involved in cell wall synthesis, greatly increases
the ability of campylobacters to attach to the surface of
the intestinal epithelium [27]. Apparently, the frequent
detection of isolates that do not contain these genes in-
dicates their auxiliary role, and their absence does not
lead to a significant decrease in virulence.

Gene wla is considered in a number of publica-
tions as a key trigger of immunopathological reactions,
in particular, triggering the development of autoim-
mune polyradiculopathies [28]. Its low prevalence in
the study group may partly explain the lack of a large
number of reports of confirmed cases of Guillain—
Barré syndrome in children after campylobacteriosis
in Russia.

The catalase gene kat A was detected in 78% of
isolates. This gene helps protect Campylobacter spp.
against oxidative stress, increases survival within mac-
rophages. At the same time, the presence of this gene
leads to increased resistance to antibacterial drugs [29].
Iron uptake genes (cfrA and fur) were also present in the
majority of isolates (79.17 and 91.67%, respectively).

In the group with severe campylobacteriosis, the
IgA level was statistically significantly lower than in
moderate campylobacteriosis (p = 0.239). It cannot
be excluded that IgA deficiency negatively affects the
course of the disease due to insufficient neutralization
of pathogen toxins. An increase in the level of IgG,
which makes up 75-80% of antibodies in plasma, pro-
viding long-term humoral protection against re-infec-
tion, was observed only in patients with severe campy-
lobacteriosis (p = 0.039). Obviously, in these patients,
the elimination of Campylobacter from the body was
delayed, which led to a longer and more massive stim-
ulation of the immune response by pathogen antigens.
Another predictor of severe campylobacteriosis was an
increase in the level of [L-8. IL-8 is considered as a key
trigger of nonspecific immune defense, being a chemo-
attractant affecting mainly neutrophils and monocytes
[14]. An assessment of the dynamics of IL-8 levels
also demonstrated undoubted prognostic significance.
Long-term persistence of an increase in this marker
acted as an unfavorable prognostic factor and was of-
ten observed during a protracted course of the disease.
It was noteworthy that the pathogen genotype flgE",
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cdtA*, cdtC* was more often detected in severe campy-
lobacteriosis in the presence of significant deviations
in the parameters of the immune response, which may
be an additional prerequisite for the severe course of
the disease. Analysis of the immunological parameters
of the course of campylobacteriosis with the causative
agent genotype fIgE*, cdtA”, cdtC* revealed statistically
significant differences in the level of IL-8 (0.013) and
IgA (p = 0.021) on the 1* day of the disease compared
to patients, in which other genotypes of pathogens were
detected.

Conclusion

Thus, when analyzing the frequency of detec-
tion of campylobacter sequence-types in children with
clinical intestinal infections, it was found that the pro-
file of isolated isolates is most similar to those from
countries of North America (USA and Canada), North-
ern Europe (Great Britain, Holland) and Scandinavia
(Denmark, Sweden, Finland). Children with C. coli and
C. jejuni infections with genotype fIgE*, cdtA”, cdtC*,
had a number of clinical differences during the infec-
tious process from patients with other genotypes of the
pathogen. Identification of Campilobacter spp. with the
genotype fIgE", cdtA*, cdtC* on the 1% day of the dis-
ease is accompanied by a more frequent increase in the
level of IL-8 and a decrease in the content of IgA in the
peripheral blood serum, which may indicate insufficient
efficiency of the immune response when infected with
campylobacters of this genotype. It cannot be exclud-
ed that the identified features of the immune response
during infection with campylobacters with genotypes
AgE", cdtA*, cdtC* underlie the long-term persistence
of disease symptoms and an increase in the severity of
the disease. Considering the high social and clinical
significance of campylobacteriosis, it is advisable to
further study the genotypic composition of circulating
pathogens to assess the risk of developing severe forms
of the disease and the formation of its long-term com-
plications.
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HbIX uHdpekumn HUMSOM um. Mactepa, CaHkT-lNeTepbypr, Poccus;
OoueHT kad. meamuuHckon mukpobuonorum C3rMy um. N.U. Meu-
HukoBa, CaHkT-lNeTepbypr, Poccus,
https://orcid.org/0000-0003-3600-2377

Kagpmbipesa Jludusi AnekceegHa — [.M.H., B.H.C. rpynnbl anuaemMmno-
norun GprowHoro Tuda HUMOM um. Mactepa, CaHkT-MNeTepbypr,
Poccus; npodpeccop kad. meguumHckon mukpoduonorun C3rMy um.
N.WN. MeyHukoBa, CaHkT-lMNeTepbypr, Poccus,
https://orcid.org/0000-0003-0989-1404

MapmeHc 3nbeupa AkpamogHa — K.M.H., 3aBefytoLLas KIMHUKO-AW-
arHoctuyeckon nabopatopuen OHKUWB ®MBA, CaHkT-leTep-
6ypr, Poccusi; accucteHT kadhenpbl MEAULMHCKOW MUKpoGuonorum
C3IrMy um. N.N. MeunnkoBa, CankT-leTepbypr, Poccus,
https://orcid.org/0000-0001-6093-7493

lMones Amumpuli EezeHbesuy — K.6.H., C.H.C. rpynnbl MeTareHoM-
HbIX uccnegosaHuin HAN3AM um. Mactepa, CaxkT-lMNeTtepbypr, Poc-
cus, https://orcid.org/0000-0001-9679-2791

EpmoneHko EneHa WeopesHa — pA.M.H., 3aB. nab. Monekymnsp-
HOM Mukpobuonornm WHCTUTYTa aKcnepuMeHTanbHOW MeauuuHbl,
CaHkT-lMetepbypr, Poccusi; npodpeccop kad. MEQUUMHCKOM MUKPO-
6uonorun C3rMy um. U.1. Meunukosa, CankTt-lNeTepbypr, Poccus,
https://orcid.org/0000-0002-2569-6660

Yyacmue aemopoe: Jlo63uH FO.B. — HanucaHue ctaTbu, paboTa c
MCTOYHMKaMK nuTepatypbl; EpmoneHko K.[J. — paboTa ¢ naumeHTa-
MK, cbop Buonornyeckoro Matepuana, aHanus AaHHblx, paspaboTka
6a3bl 4aHHbIX, HAaNMCcCaHWe cTaTby, paboTa ¢ UCTOYHUKaMKN NuTepary-
pbl; Makaposa M.A. — cbop AaHHbIX, HanMcaHne ctaTbk, paboTa c
NCTOYHMKaMu nutepatypbl; Kagpmeipesa J1.A. — c6op AaHHbIX, Ha-
nucaHue ctatby, paboTta c UCTOUHMKaMu nutepartypsl; lones [.E. —
cbop AaHHbIX, aHanu3 6a3 agaHHbIX; MapmeHc 3.A. — cbop AaHHbIX,
npoBefeHne nabopaTopHbIX WCCNefoBaHUW, BblOENEHUE KynbTyp
KkamnunobakTepuii, HanMcaHue ctatbu, paboTa C UCTOYHMKaAMU Nn-
Tepatypbl; EpmoneHko E.W. — cbop AaHHbIX, HanucaHue craTbMy,
paboTta cuctouHukamu nutepatypbl. Bce aBTOpbl mogTBEpXAaloT
COOTBETCTBME CBOEro aBTOPCTBA KpuTepusam MexayHapogHoro Ko-
MUTETa PeaakTopoB MeOULIMHCKMX XypHAmnoB, Npounu u ogobpunu
duHanbHY Bepcuio Ao nybnmkauum.
CraTbsa noctynuna B pegakumio 12.03.2024;
npuHsTa Kk nybnukauum 12.05.2024;
onybnukosaHa 29.06.2024



