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Abstract

Introduction: The course of reactive arthritis (ReA) depends on several factors related to its etiology and pathogenesis,
but it is also determined by the condition of the organism in the period preceding the disease. Reactive arthritis in the context
of connective tissue dysplasia and the characteristics of the microbiome may have a more severe course and an increased
risk of the chronicity of the joint inflammatory process.

Research objective: To assess the impact of the organism's microbiome in children with reactive arthritis in the context
of connective tissue dysplasia (CTD) on the course and outcomes of the disease.

Materials and Methods: Design: cross-sectional clinical study. Research was conducted at the clinical base of the
University Hospital of the NCJSC "Semey Medical University" between 2019-2022. The population group (without ReA)
consisted of 288 children aged 6 to 18 years. The main group of children with reactive arthritis included 146 patients, of
whom 50 had connective tissue dysplasia, divided into two age categories: 6-12 years (49, including 23 with CTD) and 13-18
years (97 and 27, respectively).

The research methods included a comprehensive examination of children according to the Diagnostic and Treatment
Protocol, determination of the presence of CTD based on a combination of clinical signs, and microbiome composition
analysis using multi-ion chromatography mass spectrometry, as well as statistical methods.

Results: Significant differences were identified in the structure of the organism's microbiome and related parameters
between the examined groups. In the presence of ReA, compared to the population group, a decrease in the content of the
most common resident microorganisms and an increase in transient microorganisms, microscopic fungi, and organisms not
normally found in the body were observed in the 13-18-year age group.

A comparative analysis of subgroups of children with ReA, with and without CTD, also revealed a lower content of
resident microorganisms and an increase in the presence of non-normal forms of microorganisms in the latter group.

Higher levels of plasmalogen were found in both age groups of children with ReA without CTD. In contrast, the presence
of CTD was associated with a higher level of endotoxin. When comparing these results with the control group, significant
differences were noted in overall load indicators, related to microbiome imbalance, plasmalogen, and endotoxin levels.

Clinical progression analysis showed an increased duration of joint symptom persistence and a higher risk of chronicity in
the presence of coexisting CTD combined with microbiome changes.

Conclusion: The data obtained allowed us to formulate the following conclusions:

e  The state of the microbiome in children with reactive arthritis is characterized by an imbalance, which involves a
decrease in the content of resident microorganisms and an absolute and relative increase in transient and potentially
pathogenic microorganisms, a known risk factor.

e  The presence of CTD determines a greater severity of the microbiome imbalance, including in terms of integral
indicators, plasmalogen, and endotoxin content, which serves as a risk factor for the potentiation and persistence of the
inflammatory process in the joints.

e  This combination is clinically significant, as confirmed by the longer duration of the main clinical and laboratory
signs of ReA in children with undifferentiated CTD.

Keywords: Reactive arthritis, children, connective tissue dysplasia, microbiome, multi-ion chromatography mass
spectrometry.
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BeepeHune: TeueHue peaktuHoro aptputa (PeA) 3aBucutT OT psga (DakToOpOB, CBA3AHHLIX C €r0 JTMOMOMUen K
NaToreHe3oM, HO TakKe OMPeAenseTcs COCTOSHWEM OpraHu3ma B Nepuop, NpeawecTsylowuin 3abonesaHnio. PeakTuBHBbIN
apTpuT Ha (hOHE AWCNNa3nn COEAMHUTENBHOM TKaHW 1 0COBEHHOCTU MUKPOOMOMa MOXET UMeTb Gonee TsKenoe TeYeHue u
MOBbILUEHHbIN PUCK XPOHWU3ALMM CYCTABHOMO BOCMANMTENBHOrO NpoLecca.

Llenb uccneposanmua: OueHka BnMsSHUS MUKpobuOMa OpraHu3ma y AeTel C peakTMBHbIM apTpuTOM Ha (hoHe
pucnnasumn coeguuutensHon Tkanu (ICT) Ha TeveHme u nexoabl 3abonesaHus.

Matepuanbl u metoabl: [ln3aiiH: nonepeyHoe KnuHudeckoe uccnefoBaHue. Cpoku BbimonHeHust - 2019-2022 rr.,
NPOBEAEHO Ha KNuHMyeckon 6ase YHusepeuteTckoro rocnutans HAO «MeguumHckuin yHueepcuteT Cemeiny.

MonynsuuoHHyto rpynny (6e3 PeA) coctaBunu 288 peteit B BospacTe oT 6 o 18 net. B ocHoBHyto rpynny geteii ¢
peaKkTUBHLIM apTPUTOM ObINO BKMIOYEHO 146 nauueHToB, B TOM yucne 50 — ¢ HanuuneMm Qucnnasum COeaMHUTENbHON TKaHW,
pacnpegenéHHble Ha 2 Bo3pacTHble Kkateropuu: 6-12 net (49, B Tom uucne 23 ¢ [OCT) u 13-18 net (97 un 27
COOTBETCTBEHHO).

MeToab! MccnenoBaHNs BKMOYanM KOMNNeKCHoe obcrnenoBaHme AeTen cornacHo MpoToKony AUAarHOCTUKN W NeYeHNs,
onpegenenne Hanuums [OCT Ha OCHOBaHWM COYETAHUS KMMHUYECKWUX MPW3HAKOB, OMPEAENeHMe cocTaBa MuKpobuoma
OpraHu3Ma C NOMOLLbH0 MYNIbTUMOHHHON XPOMATO-MacC-CeKTPOMETPUM, CTaTUCTUYECKHE.

PesynbTatbl uccnepoBaHusi: OnpedeneHbl CyLWECTBEHHbIE pasnuuus B CTPYKTYpe Mukpobuoma opraHusma W
CBA3AHHBIX C HUM NMapameTpoB Mexay obcrnegoBaHHbIMU rpynnamu. [pu Hanuumn PeA B CpaBHEHUM C NOMynALWMOHHOM
rpynnoit onpeseneHo CHWKEHNE COEpXXaHNs Hanbonee pacnpoCTPaHEHHbBIX PE3ULEHTHbIX 1 MOBbILIEHWE — TPAH3UTOPHBIX
MWKPOOPraH13MOB, MUKPOCKOMMYECKIX PMOOB 1 He BCTPEYAIOLLMXCS B HOPMe OpraHM3MoB B BO3pacTHoi rpynne 13-18 ner.
Mpn cpaBHUTenbHOM aHanuae nogrpynn geteit ¢ PeA 6e3 ACT u ¢ Harmuvem [CT Takke BbisiBNeHO 6ornee HuU3koe
COfepKaHne Pe3ngeHTHbIX W MOBbILLEHWE HE BCTPEYaLMXCS B HOPME POPM MUKPOOPraHM3MOB BO BTOPOM Cryyae.

Boree BbiCOkOE COAepxaHuWe nnasmanoreHa onpegeneHo B 0benx Bo3pacTHbIX rpynnax geten ¢ PeA npu oTcyTcTBUM
ACT. Hanpotus, npu Hanuuum OCT 6bino BbisBneHo bGonee BbICOKOE COAEpXaHue 3HAOTOKCMHA. [pu cpaBHEHWM C
KOHTPOMbLHOM TPyNMoi CreayeT BblAENNUTb NokasaTenu obLLei Harpyaku, UMEBLLME PSR 3HAYUMBIX Pa3fnYmiA, CBA3AHHBIX C
pucbanaHcom Mukpobroma, nnasmaroreHa u 3HLOTOKCUHA.

lMpn aHanu3e KIMHWYECKOrO TEYEeHUs OnpeaeneHo NOBbILEHWE MPOAOIKUTENBHOCTM NEPCUCTUPOBAHUS CUMITOMATUKN
NOpPaXeHNs CyCTaBOB 1 p1cka XpOHW3aLmn npu Hannyun conyteTaytowwein ICT B coyeTaHnn ¢ U3MEHEHNSMM MUKpOBroMa.

3akntoyeHue: lonyyeHHble AaHHbIE NO3BONNAM HaM CHOPMYNMPOBATHL CeayHoLLME BbIBOADI:

- COCTOSHWE MuKkpobMOMa oOpraHu3Ma y [JeTeit C peaKkTMBHBIM apTPUTOM XapakTepuayetcs aucbanaHcoMm,
3aKMIOYAIOLLMMCS B CHIKEHWUW COAEPXKaHNS PE3MAEHTHBIX U aBCONMOTHOM 1 OTHOCUTENBHOM MOBLILIEHUM — TPAH3UTOPHBIX 1
NOTEHLMANBHO NATOreHHbIX MUKPOOPraHU3MOB, YTO SBMSETCS U3BECTHLIM (haKTOPOM PUCKa;

- Hannuve [CT onpegensiet Gonbluyio BbIPaXEHHOCTb AucbanaHca Mukpobuoma, B TOM YMCTie MO WHTErpanbHbIM
nokasaTtensM, COAEPXaHWK Nnas3marnoreHa W 3HOOTOKCUHA, YTO CryXWT (DakTOPOM puCKa MOTEHLMPOBaHWA K
NepcUCTMPOBaHMS BOCMANUTENbHOrO NpoLiecca B CycTaBax;

- [aHHOe COveTaHWe SBMSETCS KIWMHUYECKA 3HAYMMbIM, YTO NOATBEPXKAAETCA OONbLUE NPOAOMKUTENBHOCTbIO
OCHOBHbIX KNWHWUKO-NabopaTopHbIx npusHakos PeA y geten, umetowmx HegnddeperumposanHyto ACT.

Knroyeenie crnosa: peakmugHbili apmpum; demu, ducniasus coeduHUMENbHOU mKaHU; MUKPOBUOM; MyrbMmUUOHHas
XPOMamo-Macc-cnekmpoMempus.
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Kipicne: PeaktneTi apTput (PeA) afbimbl bipkaTap daktopnapra 6ainnaHbICThl, OHbIH 3TMONOMMSCHI MEH NaToreHesiHe,
COHbIMEH KaTap aypy AaMbIMai TypFaH Ke3eHiHAer aF3aHblH, anmnbl KyniMeH aHblKTanagol. [JoHekep TiHHIH, 41cnnasmschl
(hOHbIHAAFbl PEaKTUBTI apTpUT aF3a MUKPOOMOMbIHLIH, epekweniriHe OGainaHbiCTbl ayblp ©Tin, KabblHy NpPOLECiHiH
CcO3bInManb! KayniHe e 60mybl MyMKiH.

Makcartbl: [JoHekep TiHHIH gucnnasuscel (OTH) doHbiHaa peaktusTi apTpuTi 6ap 6ananapaa ar3a MUKPOBUOMBIHBIH,
aypy aFbIMblHa MEH HATUXECIHE BcepiH barFanay.

Matepuanpgap meH agictep: [usaiH: KengeHeH knuHukanblk 3epttey 2019-2022 xok. apanbiFbiHaa «Cement
MeguumHa yHueepeuTeTi» KeAK YHuBepcuTeTTik aypyxaHaHbiH KHUKanbiK 6asackiHaa xy3ere acblpbingbi.

Monynaumuaneik TonTbl (PeA-ci) 6 meH 18 xac apanbifbiHaarbl 288 6ana Kypagbl. PeakTusTi apTpuTneH ayblpatbiH
GananapablH Heriari ToObIHa eki Xac caHaTbiHa GeniHreH 146 Haykac, OHbIH, ilWiHae ASHeKep TiHiHIH, aucnnasuscel bap 50
Haykac Kipgi: 6-12 xac (49, oHbIH iwiHge 0T 6ap 23) xaHe 13-18 xac (TviciHwe 97 xaHe 27).

3epTTey apicTepiHe AnarHoCTUKambIK XaHe emaey xaTTamacbiHa colkec 6ananapabl KELWeHAi Tekcepy, KMHWKarbIK
OenrinepaiH, xuHafbl HerisiHge [T[ aHblKTay, MyNbTUMOHObLI XPOMATO-MacC-CNEKTPOMETPUSHLI  KONAaHy apKbinbl
OpraH13MHiH MMKPOOMOM KypaMmblH aHbIKTay XeHe CTaTUCTUKanbIK aicTep Kipgi.

3epTTey HaTHXenepi: 3epTTeneTiH TONTap apackliHAA aF3a MUKPOBMOMBIHBIH, KYPbIbIMbIHAA XOHe COKeCiHLE CoFaH
BannaHbICTbl NapameTpnepae anTaprblkTan ambipMmalubinbiKTap aHbikTangbl. PeA bonfaH xafpaiiga, nonynsauusnbik
TOMMEH CanbICTbIpFaHAa, eH Ken TapanfaH pe3naeHTTi MUKPoOpraHu3Maep KypamblHbiH, TemeHgeyi xoHe 13-18 xac
ToObIHAA ©AETTE KEe3necCnemTiH TPaH3WUTOpMbl MUKPOOPraHW3MAEpAiH, MUKPOCKOMUAMbIK CaHblpayKynakTapablH, kebeti
aHbikTangbl. AT xok xaHe PeA xaHe OT[ 6ap 6ananapabiH, Killi TONTapbiH CanbiCTbIpManbl Tangay KeiHge pesnaeHTTi
MUKpOar3anapablH TOMEH CaHblH X8He KanbinTbl Xaffanga TabbiMMaiTblH MMKPOOPraHM3MAepaiH opmanapbiHbiH
XOFapbInayblH aHbIKTagbl.

PeA 6ap [TO-cbi3 GananapablH eki xac TobbiHOa fa nnasManoreHHiH, xofapbl Menwepi aHbikTanmbl. KepiciHwe, AT
OonFaH xargaiaa 3HOOTOKCUHHIH, XOFapbl MenLUepi aHbiKTangbl. bakbinay To6bIMEH canbICTbIpy Ke3iHae MUKPOOMOMHBIH,
nnasmasnoreHHiH, aHe 3HOOTOKCUHHIH AucbanaHcbiMeH GaiinaHbiCTbl Gipkatap eneyni Xanmbl XyKTeMe KepceTKiluTepiH
aibipMaLLbInbIKTapbl 6ap eKeHiH atan eTKEH XeH.

KnuHukaneik aFbiMabl Tangay kesinge OT[ GonFaH kesge MMKPOOMOMHBIH, ©3repyiMeH yiineceTiH OybiH 3akbiMaaHy
CUMNTOMZAPbIHbIH, Y3aKTbIFbIHbIH, XOFapbliaybl XaHe CO3blIManb| XarFaaitra aybiCy Kayni aHbIKTans!.

KopbITbIHABI: AnbIHFaH fepekTep Keneci KopbITbIHAbINAPAbI XkacayFa MyMkiHaik Gepeai:

- peakTuTi apTpuTi 6ap bananapaarbl opraHuaM MUKPOBUOMBIHBIH, XaFaariel 6enrini kayin daktopbl 60Mbin TabbinaTbix
PE3VAEHTTI MUMKpOaF3anapablH, KypaMblHblH, TOMEHAEYIHEH XaHe TpasuTopfbl X8He MoTeHuMangbl naToreHai
MWKPOOpPraHU3MAEePiH abContoTTi aHe CanblCTbipMarnbl XOoFapblnaybiHaH TypaTblH TEHrePIMCI3aikneH cunaTtanagsl;

- OTO 6onybl MUKpOGMOMHBLIH, TEHrepimMCi3airiHiH HeFypnbiM aybIpibiFbiH aHbIKTaAbl, OHbIH illiHAE WHTerpangbl
KepceTkiTep OoibiHWA, Nnas3manoreH MeH 3HLOTOKCUH Kypambl, 6yn GybiHaaphaFbl KabbiHY NPOLECIHIH, KyLiewi MeH
TYPaKTbIMbIFbIHBIH, Kayin hakTopbl PeTiHAE KbI3MET eTefi;

- 6yn KOMOMHALMS KNUHUKAMbIK TYPFblaaH MaHbI3abl xoHe ae anddepeHumpneHbered AT 6ap 6ananapparsl PeA
Heriari KN1HWKarnblK-3epTXaHanblk 6enrinepiHiH y3akTbiFbIMEH AonenaeHesi.

TytiH ce3dep: peakTuBTi apTpuT; 6ananap, LOHEKep TiHiHiH, AUCNNa3MsChl; MUKPOOMOM; MyNbTUMOHZb! XPOMAaTO-Mace-
CNEKTPOMETPYUS.
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Introduction

The course of reactive arthritis (ReA) depends on
several factors related to its etiology and pathogenesis, but
it is also determined by the condition of the body in the
period preceding the disease. A number of factors have
been described that can influence the risk of development
and the severity of joint damage in ReA [4,11,21].

Among these factors are the characteristics of the
microbiome, which may lead to a more severe course with
subsequent chronicity of the joint inflammatory process
[14,15].

In  medical science and healthcare, the term
"undifferentiated connective tissue dysplasia" (UCTD) is
used, which combines several well-known syndromes in the
world scientific community (mitral valve prolapse, joint
hypermobility, etc.), which share many common
pathogenetic mechanisms [17,20,22]. UCTD manifests as
various morphological changes, clinical signs, and is
considered by many researchers as a physiological
condition. However, there is evidence that the presence of
UCTD affects the course of many somatic diseases [3,7,9].

Connective tissue dysplasia (CTD) is defined by the
presence of genetic changes in the tissues of the
musculoskeletal system, which increases the risk of
developing acute and chronic joint pathology.

The combination of the characteristics of the body’s
microbiome [24,25] and CTD may have a synergistic effect
on both the risk of developing ReA and its course, which
should be taken into account in clinical practice.

Aim: To assess the impact of the microbiome in
children with reactive arthritis in the context of CTD on the
course and outcomes of the disease.

Materials and Methods

Study design: Cross-sectional clinical study. The study
was conducted from 2019 to 2022 at the pediatric
department of the University Hospital of the NCJSC "Semey
medical university".

Inclusion and exclusion criteria for children:

Inclusion: Age 6-18 years-old; residence in the city of
Semey.

Exclusion: Incomplete examination according to the
study protocol; refusal to participate in the study.

The population group (hereinafter — “without ReA”, in
the tables — "no ReA" and “without CTD", in the tables - "no
CTD") consisted of 288 children.

The age and gender distribution of the population group
corresponded to the distribution of children of different ages
in the surveyed population (the method of simple
randomization was used). The slight excess in the number
of girls was insignificant (p=0.925) and generally
corresponded to the population distribution.

The main clinical group of children with ReA included
146 patients, with no age or gender differences between the
population and main groups.

The general population of such children during the
study period was accepted as the main group. Table 1
presents the characteristics of the children in the main

group.

Table 1.
Clinical characteristics of ReA in the examined children.
Indicator 6-12 years, n=49 13-18 years, n=97 Total, n=146

abs. % abs. % abs. %
Presence of monoarthritis, including: 40 81,6 82 84,5 122 83,6
- knee joint 16 32,7 33 34,0 49 33,6
- ankle joint 9 18,4 17 17,5 26 17,8
- joints of the foot 5 10,2 12 12,4 17 11,6
- hip joint 4 8,2 9 9,3 13 8,9
- wrist joint 3 6,1 6 6,2 9 6,2
- elbow joint 3 6,1 5 5,2 8 55
Presence of oligoarthritis, including: 9 18,4 15 15,5 24 16,4
- knee and ankle joint 2 4,1 5 5,2 7 4,8
- symmetrical knee joint 2 41 4 41 6 4,1
- joints of the hand 2 4,1 4 4,1 6 4.1
- symmetrical ankle joint 2 4.1 1 1,0 3 2,1
ankle+foot joints 1 2,0 1 1,0 2 14

Clinical symptoms:

Pronounced local signs of joint inflammation 37 75,5 52 53,6 89 61,0
Increased body temperature, incl. 44 89,8 67 69,1 111 76,0
- within subfebrile levels 31 63,3 55 56,7 86 58,9
- febrile levels 13 26,5 22 22,7 35 24,0
- less than 5 days 23 46,9 16 16,5 39 26,7
- 5-10 days 20 40,8 46 474 66 45,2
- more than 10 days 6 12,2 0 0,0 6 4,1
ﬁ:}\l/‘ere inflammatory reaction of the blood, 31 633 56 577 87 50,6
- according to C-reactive protein (CRP) 27 55,1 48 495 75 514
- by leukocyte intoxication index (LII) 19 38,8 39 40,2 58 39,7
Availability of CTD 23 46,9 27 27,8 50 34,2
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The majority of children exhibited clinical manifestations
in the form of monoarthritis (83.6%). The most commonly
affected joint was the knee, which is consistent with the
findings of other authors [1]. Less frequently, the ankle joint
(22.6%) and the hip joint (6.2%) were affected. Other
localizations in monoarthritis were rare. Oligoarthritis was
diagnosed in 16.4% of cases. It typically involved both knee
joints and combinations of knee and ankle joint or hand joint
involvement.

Severe local symptoms of joint inflammation were
observed in 61.0% of children with ReA. The disease was
accompanied by hyperthermia in 76% of children.

The children were divided into two groups within each
age category — those with a set of clinical and laboratory
signs of undifferentiated CTD and those without such signs.
A total of 50 patients (34.2% of the total group) were
included in the first group.

CTD signs were more frequently identified in the
younger age group (23 subjects, 46.9%) compared to 27
(27.8%) in the older group (x2 = 5.276, p = 0.022).

The degree of inflammatory response in the body was
determined by the concentration of CRP and the level of the
leukocyte intoxication index (LIl). Changes in these
indicators were found in 59.6% of the subjects with ReA.

Research methods

The methods for diagnosing reactive arthritis included
all necessary clinical and instrumental studies in
accordance with the EULAR guidelines and the protocol for
the treatment of reactive arthritis. To diagnose CTD, a
combination of clinical and instrumental data was used in
accordance with Russian recommendations [8].

Determination of the intestinal microbiome composition

The analysis was performed using multi-ion
chromatography mass spectrometry, with control over the
sequence determined by an automatic program. Thirty-
three characteristic ions from the mass spectra of fatty
acids specific to microorganisms were identified. The AT-
5973 system from Agilent Technologies (USA) was used.
Chromatographic separation of the sample was performed
on a capillary column with a methylsilicone bonded phase
HP-5 ms Agilent Technologies, 25 mm in length and 0.25
mm internal diameter. This method is widely accepted in
science and clinical practice and is comparable to
sequencing in terms of informativeness.

The identified microorganisms were classified into the

following groups:
Resident microorganisms (identified in more than 50%
of cases) included: actinomycetes; alkaligenes;

bifidobacteria; clostridia; coryneforms; egertella; eubacteria;
fusobacteria; lactobacilli; lactococci; nocardia; prevotella;
propionibacterium; pseudonocardia; rhodococcus;
ruminococcus; staphylococci; streptococci; streptomycetes.

Transient microorganisms (identified in less than 50% of
cases): bacilli; bacteroides; clostridia; Helicobacter pylori;
kingella; acinetobacter; peptostreptococci; prevotella;
stenotrophomonas; streptococci; enterobacteria.

Microscopic fungi: candida; aspergillus; mycomycetes.

Microorganisms  not normally  present:  Bacillus
megaterium; Bacteroides hypermegase; Campylobacter
mucosalis; Enterococcus; Flavobacteria; Mycobacteria;
Porphyromonas; Propionibacterium; Pseudomonas
aeruginosa; Streptomyces pharmamarenensis.
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At the same time, the content of plasmalogen, total
endotoxin, total normal flora (microbiotic core), and the
ratios of various microbiome components relative to the
overall microbial load were determined.

Statistical methods

The data obtained as a result of the study were entered
into the database in the MS Excel program. The quality of
information preparation was checked, the results were
processed and the data was grouped according to the
specified criteria. The analysis was carried out directly using
the SPSS program (v.27.0).

The direct values of the studied feature and the
assessment of their accuracy and reliability were
determined. The differences were analyzed using the
Mann-Whitney criterion for the content of specific
microorganisms in the microbiome and the Student's t-test
for the analysis of plasmalogen and endotoxin [19]. P <0.05
was taken as an indicator of the presence of statistical
significance.

Results

Tables 2-5 present the features of the microbiome in

clinical groups, depending on its main components, the age
of children and their clinical status.
In children with ReA in the younger age group, in the
absence of CTD, the content of microorganisms in this
category was significantly lower compared to the control
group for 6 species: Corineform CDC-group, Nocardia
asteroids, Rhodococcus spp., Staphylococcus spp. In the
presence  of concomitant CTD, the following
microorganisms should additionally be noted: Lactococcus
spp., Prevotella spp., and Ruminococcus spp. In some
cases (for the aforementioned species), significant
differences were also observed between the groups of
children with ReA, usually indicating lower content in the
presence of CTD.

For the integrated bacterial load indicator in this
category, a significantly lower value was found in the group
of children with CTD (21.2% lower, p = 0.028) compared to
the control.

In children with ReA in the younger age group, in the
absence of CTD, the content of microorganisms in this
category was significantly lower compared to the control
group for 6 species: Corineform CDC-group, Nocardia
asteroids, Rhodococcus spp., Staphylococcus spp. In the
presence  of concomitant CTD, the following
microorganisms should additionally be noted: Lactococcus
spp., Prevotella spp., and Ruminococcus spp. In some
cases (for the aforementioned species), significant
differences were also observed between the groups of
children with ReA, usually indicating lower content in the
presence of CTD.

For the integrated bacterial load indicator in this
category, a significantly lower value was found in the group
of children with CTD (21.2% lower, p = 0.028) compared to
the control.

Between the groups of healthy children and children
with ReA without CTD, differences in favor of a lower
content in the latter were observed in the older age group
for: Actinomyces viscosus, Eubacterium spp., Lactococcus
spp., Rhodococcus spp., and Streptomyces spp.

In the group with background CTD, Prevotella spp.
and Streptococcus mutans were added to this list.
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Significant differences were also noted between the
groups of patients for Actinomyces viscosus, Eubacterium
spp., Lactococcus spp., Rhodococcus spp., and
Streptomyces spp. The overall bacterial load index in this

Indicators of the content of resident microorganisms
availability of CTD.

group was significantly lower than in both the control
group and the group with baseline CTD (30.0% lower, p =
0.021, and 19.2% lower, p = 0.040, respectively).

Table 2.
in children with reactive arthritis depending on age and

6-12 years

13-18 years

Microbiome component | «no ReA» «ReA+CTD»

«ReA+ «ReA+
10 CTD» «no ReA» «ReA+CTD» o CTD»

Me Q Me Q

Me Q Me Q Me Q Me Q

Actinomyces spp 25 | 14129 14

27 17 24 5 15 6 22 5

Actinomyces viscosus 622 | 52 492 91

531 49 | 714 | 141 | 395% | 100 | 585" | 127

Alcaligenes spp 53 10 45 8 38 8 56 11 36 11 29 6
Bifidobacterium spp 2720 | 548 2311 624 2563 568 | 3699 | 1054 | 2741 854 | 3463 | 1085
Clostridium coccoides 18] 5 9 7 21 9 3| 8 20 8 33| 9

Clostridium propionicum | 81 | 21 80 | 63

75 67 | 131 | 22 64" 13 | 87" | 16

Clostridium perfringens 25 | 6 33 6

30 8 78 12 69 12 63 11

Clostridium ramosum 2145 | 207 | 1628 | 206

2249 | 239 | 2005 | 699 | 1322 | 638 | 1487 | 570

Clostridium tetani 492 | 51 439 | 43

415 47 | 492 | M 376 68 | 417 | 66

Corineform CDC-group XX| 41 | 5 | 24% | 3

55 10* | 79 10 38" 5 51* 7

Eqgerthella lenta 23 | 61 | 201 | 88 | 243 | 69 | 311 | 52 | 174" | 45 | 218" | 40
Eubacterium spp 5066 | 717 | 4316 | 1018 | 5189 | 808 | 6137 | 715 | 4256% | 738 |5614% | 720
el 3|2 o o] o |o|s|2|5|2|6]|s3
Lactobacillus spp 2382 | 405 | 1735 | 296 | 2400 | 349 | 2218 | 429 | 1833 | 685 | 2170 | 462
Lactococcus spp 612 | 5 | 309 | 57 | 218" | 22 | 715 | 127 | 429 | 102 | 556 | 109
Nocardia asteroides | 471 | 62 | 461¢ | 67 | 291 | 49 | 899 | 155 | 835 | 136 | 801 | 152
Prevotella spp % | 8 | & | 6 | 13 | 3 |25 |10 7 | 3| 10]4
Propionibacterium 2|5 | 17 | 7] 2 [ 6|26 |7] 20 |6]|1w6]s

Propionibacterium

1423 | 490 | 1055 | 357
freudenreichii

1580 | 598 | 2078 | 515 | 1146 | 384 | 1411 | 385

Propionibacterium jensenii | 66 | 14 62 13

53 12 | 106 | 31 59 18 79 25

Pseudonocardia spp 38 | 11 | 4 | 27 | 819 7| 15 9| 9|4
Rhodococcus spp 79 | 15 | 7% | 5 68* | 14 | 7T | 11 | 21 | 4 | 43 | 7
RUMiNococcUs spp 580 | 84 | 325% | 73 | 582 | 93 | 469 | 56 | 404 | 46 | 505 | 66
Staphylococcus spp 441 | 66 | 241 | 50 | 498 | 82 | 441 | 66 | 309 | 62 | 336 | 55
S;?ggmggccus 35 | 4 | 25 | 7 | 36 | 4 | 74| 19| 77 |37 |66 | 19
Streplococcus mutans | o5 | 33 | 4g9 | 34 | 263 | 42 | 169 | 30 | 112 | 22 | 175 | 34
(anaerobic)

Streptomyces spp 85 | 10 | 131 | 13 | 58 | 7 [ 171 | 20 | 2% | 13 | 143 | 27
Overall load Index 18019| 977 | 14193 | 1171 | 17552 | 1324 [21251| 1408 | 14865 | 997 [18395| 1200

Notice — here and further * - differences with the group «no ReA» are significant,
# - differences between ReA groups depending on the availability of CTD are significant, p<0,05
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Table 3.
Indicators of the content of transient microorganisms in children with reactive arthritis, depending on age and the
presence of CTD.

6-12 years 13-18 years

Microbiome component «no ReA» | «ReA+CTD» ngR(?'IAEJ)r» «no ReA» | «ReA+CTD» n((()Rg'IAS»

Me | Q | Me| Q | Me| Q Me | Q | Me | Q | Me Q

Bacillus cereus 0 0 12 11 0 0 0 0 3 2 2 1
Bacteroides fragilis 1 1 2 2 0 0 0 0 3 3 0 0
Bacteroides hypermegas 0 0 1 1 5 0 0 0 0 0 0 0
Clostridium hystolyticum 2 1 19 7 10 6 5 2 | 13| 7 0 0
Enterococcus spp 0 0 2 2 0 0 1 1 5 3 1 1
Helicobacter pylori 0 0 2 1 2 0 1 1 5 4 2 2
Acinetobacter spp 0 0 0 0 0 0 0 0 3 3 0 0
Peptostreptococcus anaerobius 0 0 1 1 1 0 0 0 | 55| 15 | 18 7
Porphyromonas spp 0 0 0 0 0 0 0 0 3 3 0 0
Prevotella ruminicola 0 0 4 2 1 1 0 0 0 0 1 1
Streptococcus spp 33 | 10 | 128" | 38 | 88" | 29 2 1 3 2 2 1
ceM. Enterobacteriaceae (E.colietc.)| 0 0 0 0 0 0 0 0 1 1 2 1
Overall load Index 36 | 10 [171*| 24 |107*| 16 12 6 | 94| 20 | 28 9

According to the indicators of transient microorganisms,
the differences between the groups were moderate. In the
group of patients with CTD, there was an excess of
Streptococcus spp. over the control group, and in the older
age group — Peptostreptococcus anaerobius.

It should be pointed out the presence of statistical
significance of the total indicator in both age categories
(excess in the presence of CTD by 59.8% in children 7-12
and by 235.7% - 13-18, years-old p = 0.037 and p=0.029,
respectively).

Table 4.
Indicators of the content of microscopic fungi in children with reactive arthritis, depending on age and the presence
of CTD.

6-12 year 13-18 year

'ng;%gﬁg:ﬁ «no ReA» | «ReA+CTD» ngRg.?S» «no ReA» | «ReA+CTD» n(c()R(?'?I;»

Me Q Me | Q| Me | Q| Me | Q| Me | Q | Me | Q
Candida spp 608 | 69 | 918 | 149 | 558 | 70 | 305 | 78 | 523* | 146 | 457* | 244
Aspergillus spp 103 | 21 189 | 53 | 135 | 30 | 160 | 55 | 158 | 66 | 216 | 82
Micromycetes spp (campesterol) | 1202 | 279 |1945™)| 400 | 1126 | 287 | 499 | 148 | 985* | 310 |1111*| 362
Micromycetes spp (sitosterol) 417 | 75 | 802* | 117 | 935* | 185 | 794 | 225 | 1377 | 347 | 1197 | 373
Overall load Index 2330 | 307 |3854* | 376 | 2754 | 290 | 1758 | 229 | 3043* | 296 |2981*| 247

There were also moderate differences when
comparing groups of children with ReA, depending on
the presence of CTD in the content of microscopic fungi.
Only one strain showed an excess in the development of
ReA against the background of CTD (Micromycetes spp

(campesterol)) in the age group of 6-12 years-old. At the

same time, the excess over the control group was
revealed by a number of indicators.
The overall load index was exceeded in the presence
of CTD in both age categories (by 65.4% in the younger
and 73.1% in the older, p=0.022; p=0.014, respectively)

Table 5.
Indicators of the content of non-normalized microorganisms in children with reactive arthritis, depending on age
and the presence of CTD.
6-12 year 13-18 year

Microbiome component «no ReA» | «<ReA+CTD» |«ReA+no CTD»| «no ReA» «ReA+CTD» [«ReA+no CTD»
Me Q Me | Q Me Q Me Q Me Q Me Q
Bacillus megaterium 0 0 2 1 0 0 0 0 0 0 0 0
Campylobacter mucosalis| 0 0 0 0 0 0 0 0 127 | 92 0 0
Flavobacterium spp 0 0 2 1 2 1 0 0 4* | 2 17" 0
Porphyromonas spp 0 0 0 0 6 2 6 6 0 0 0 0
Pseudomonas aeruginosa| 0 0 2 2 0 0 0 0 0 0 0 0
Overall load Index 0 0 6 4 8 3 6 6 [168% | 70 17" 0
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According to the number of microorganisms that do not
occur normally, significant differences were determined in
relation to one species (Flavobacterium spp) and the total
index in the age group of 13-18 years-old (by 141.0% and
888.2%, p=0.042, p=0.007, respectively) in excess in
children with concomitant CTD.

Figures 1 and 2 show integral indicators of the effect
of microbiota on the body — plasmalogen and endotoxin

in children with reactive arthritis, depending on the
presence of CTD.

The differences in plasmalogen content in the
compared groups of young children were moderate and
amounted to 16.6%, however, they had statistical
significance (p=0.045). In the older age group, these
differences reached 23.2% (p=0.041).

6-12 years 13-18 years
50 55
50
45
_ 45
E E
£ 40 4+ £
2 2 40 +—
35 +— I — 35 || i |
30 : , 30 \ 1
Reactive artritis Reactive artritis + Reactive artritis Reactive artritis +
CTD CTD
Figure 1. Plasmalogen content in children with ReA, depending on age and the presence of CTD.
6-12 years 13-18 years
0,6 0.8
T
0,5 I 0.7 ks
0,6 —
0,4 —
g 0 I —
£ T - E
5 0.3 I S 04— -
M 25
02— — 0.3 17— —
0,2 +— —
0,1 +— —
0,1 +— —
0 T 1 0 .

Reactive artritis Reactive artritis
+ CTD

Reactive artritis Reactive artritis
+CTD

Figure 2. Endotoxin content in children with ReA depending on depending on the age and availability of CTD.

The differences in the endotoxin index were more
pronounced. The excess in the group of reactive arthritis in
combination with CTD was 66.5% in the group of young
children (p=0.020) and 40.0% in older children (p=0.022).

To analyze the effect of the state of the microbiota in
children with CTD on the background of ReA on the course
and outcome, the plasmalogen index was selected in

14
12
10

days

OMN G X

association with the dynamics of inflammatory parameters
during treatment, the state of joint function and the
preservation of the proinflammatory status (taking into
account the cytokine content) during examination after 3
months.

The data obtained during the distribution into groups are
shown in Figures 3 and 4.

i o

Duration of Duration of Duration of Duration of Duration of

leukocytosis, the increase the increase fever, davs
in ESR, days in LII, days

davys

O Plasmalogen below 40 pg/ml

joint
syndrome,
days

@ Plasmalogen above 40 pg/ml

Figure 3. Ratios of plasmalogen content and clinical course indicators in children aged 6-12 years-old.
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The differences in the duration of leukocytosis,
depending on the plasmalogen content, were significant
and amounted to 60.4% by median (p=0.018). The
differences in the duration of the period of increase in
ESR were slightly lower (53.0%, p=0.023). The increase

12
10

davs
L O R o (v ]

in LIl persisted in the group of reduced plasmalogen
content by 43.6% longer (p=0.037). The duration of fever
and joint syndrome did not have significant differences,
although there was a tendency to exceed them in both
cases.

Tl

Duration of Duration of Duration of Duration of Duration of

leukocytosis, the increase the increase fever, davs
in ESR, days in LII, dayvs

days

O Plasmalogen below 40 pg/ml

joint
syndrome,
days

O Plasmalogen above 40 pg/ml

Figure 4. Ratios of plasmalogen content and clinical course indicators in children aged 13-18 years-old.

Differences in the duration of leukocytosis (37.5%,
p=0.040) and fever (72.7%, p=0.016) were significant in
older children. It should also be noted that all registered
differences were unidirectional, i.e., violations were more
pronounced with reduced plasmalogen content.

Discussion

The rationale for the study was the expediency of
determining the presence and potential aspects of the
influence of the characteristics of the microbiome of the
body of children during the development of ReA [9,12] and
the potential effect of CTD on it [13].

There are results of a number of studies indicating the
role of this condition on the development of inflammatory
joint diseases, however, the association of intestinal
dysbiosis with CTD has been noted only in isolated studies
by Russian scientists [2,6].

For many inflammatory diseases of the joints, a change
in the microbiome is a known risk factor, which is described
in a number of papers [18,26]. However, in these studies,
the combined effect of changes in the microbiome and CTD
has not been studied.

The data obtained by us allowed us to conclude that
there is a general trend of deviations in the composition
of the microbiome in both ReA and CTD. These changes
were expressed in a decrease in the content of the most
common resident microorganisms and the total capacity
of the microbiome and an increase in the representation
of ftransient bacteria, fungi and pathogens in the
microbiome.

At the same time, in the presence of background CTD,
more pronounced deviations were revealed, in a number of
cases, including integral indicators of the general load
index, plasmalogen and endotoxin content, which indicates
a likely greater negative impact of microbiome factors on
the condition of joints and the course of ReA.

A certain disadvantage of the study is that we did not
provide an analysis of the state of the microbiome in
children with CTD without ReA and, accordingly, we cannot,
based on the data provided, judge the primary or secondary
nature of the identified abnormalities in the development of
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arthritis. However, the published results confirm the
presence of differences between groups of children without
CTD and with the presence of such in this parameter
outside the presence of inflammatory diseases [5].

The corresponding confirmations of this hypothesis
were obtained as a result of statistical analysis.

On the other hand, the presence of these disorders was
associated with deterioration in the results of ReA
treatment. Accordingly, the assessment of the mutual effect
of CTD on the state of the microbiome and the totality of
pathogenetic factors in both cases — on the course of ReA
shows increased effects and significantly worse results:
delays the onset of clinical and laboratory remission of ReA,
leads to the need for longer treatment, including those
associated with hospital stay. For certain factors, similar
data were obtained by a number of authors [6, 16, 23].

As a result, a combination of negative factors can
increase the likelihood of chronic joint process, the need for
long-term treatment and rehabilitation, and in extremely
negative cases, the development of irreversible joint
changes associated with disability or the need for
orthopedic interventions.

Conclusion

The obtained data allowed us to formulate the following
conclusions:

The state of the microbiome in children with reactive
arthritis is characterized by a microbiota imbalance, which
involves a decrease in the content of resident
microorganisms and an absolute and relative increase in
transient and potentially pathogenic microorganisms, which
is a known risk factor;

The presence of CTD determines a more
pronounced imbalance of the microbiome, including integral
indicators, plasmalogen, and endotoxin content, which
serves as a risk factor for potentiating and persisting the
inflammatory process in the joints;

This combination is clinically significant, which is
confirmed by the longer duration of the main clinical and
laboratory signs of ReA in children with undifferentiated
CTD.



Hayka u 3apaBooxpanenue, 2024 T.26 (6)

OpUTrHHAJIBLHOE HUCCIeT0BAHUE

Contributions of authors: All authors equally participated in
the study and writing of this article.

Conflict of interest: The authors declare no conflicts of
interest.

Funding: No external funding was provided for this study.

Publication information: This article has not been previously
published and has not been considered by any other publication.

Jlumepamypa:

1. Anexceesa E.N., )onoboga E.C. PeakTusHble
apTpuThl y AeTeil. Bonpocbl COBPEMEHHOW neamaTpuu,
2003, T.2, N1, C. 51-56.

2. babuesa A.Q., llaHosa O.B., boliveHko T.E.,
ApymionaH KA.,  Pomanyosa Eb.  [ucnnasus
COEAMHUTENbHOM TKaHM Yy AeTell U NoapocTKoB Y4yebHoe
nocobue. — bnarosewyeHck: 2010. 101 c.

3. BepwuHuHa M.A. BpOHXONEroYHbIA CUHOPOM Npu
ancnnasum COEANHNTENBHON TKaHW: KIUHWKO-
naToreHeTnyeckoe 06OCHOBAHWE NPUHLMMOB AWArHOCTUKM
W NeveHns: auc.OokT. Med. Hayk. Cankt-leTepbypr, 2015.
44 c.

4. Tynudosa H.C., Mamesuenko E.B., Kpuseduva H.L.,
Pasurbkosa H.C., Xmeneeckass W.I., MuHenkosa T.A.
KnuHuyeckas QuHammuka peakTMBHOMO apTputa y AeTen.
BectHuk BonrTMY. 2019. Ne2. C.78-80

5. [anubaesa TI.Ll., aboynuHa I.X., KanumxaHoe
C.5. ToTeHumanbHble (DaKTOPbl pUCKa W MPUYMHDI
passuTMS  peBMatoupHoro - aptputa.  KnuHudeckas
MeguumHa n hapmakonorus. 2024. Ne3(254). C.59-68.

6. [anunosa EMN., Yennayenko O.E., Hukugpopos
WN.A., lNepyHosa H.b., NsaHosa E.B., CymeHrko B.B. Ponb
QUCNNasMM  COedWHUTENbHOA  TKAHW B PasBUTUM
PEaKTUBHbIX W  WH(EKUMOHHbIX apTpUTOB Yy [eTe.
OpeHbyprekuin MeguumHekui BecTHuk. 2017. T.5, Ne3(19).
10-15.

7. Jlamokosa E.A. HapyweHus nuwesapeHus u
BCACLIBAHWS B KULLEYHUKE B NpoLlecce pasBuTUSt BenkoBo-
9HEPreTMYECKOl  HEOOCTAaTOMHOCTM Yy  MaUMEHTOB  C
Aucnnasveit CoeanHMTENnbHON Tkanm. Mevawmi spay. 2014.
Ne 2. C. 47-50.

8. MapmbiHos A.W., Heuaesa I'.N., Akamosa E.B. u
coasm. HauyuoHanbHble pekomeHgaumm Poccuiickoro
Hay4yHOro MeduuMHCKOro obulecTBa TepaneBTOB MO
LNarHoCTUKe, NEYEHUI0 M peabunutaunmn nauMeHToB ¢
AUCNNIa3NaMU  COEAUHUTENbHON TkaHu. MeanumHCKum
BecTHuk CeBepHoro KaBkasa. 2016. T.11, Ne1. C.2-76.

9. Hevaesa W., BepwuHuHa M.B., ogoposa C.E.
PecnupaTopHast natonorus u aucnnasust CoeamHUTENbHOM
TKaHW: BO3MOXHA NN eanHas koHuenuus? MynbMoHomnorus.
2010. (3):5-10. https://doi.org/10.18093/0869-0189-2010-3-
5-10

10. Hevaesa WM., Bukmoposa MW.A. [ucnnasws
COEOMHUTENbHOM  TKaHW: TEPMWHOMOTUS,, AMArHOCTMKA,
TaKTuKa BeaeHus naumeHto. Omck, 2007. 188 c.

11. MNucapesa A[., Mameuerko E.B., Kpugdura H.A.,
Xmeneeckas U.I"., PasuHbkosa H.C. OCOOEHHOCTH TeueHust
peaKkTUBHbIX apTpUTOB y [JeTeii W MOAPOCTKOB  Ha

COBPEMEHHOM  3Tane. HayyHO-NpaKTMYeckuit  BECTHUK
"Yenosek 1 ero 3goposbe”. 2018. Ne 1. 36-39.
12. Cacpapeanuesa  [1.X.,  llalmypamose P.U.,

Hecpaposa P.P., llapunosa P.P. Mpobnembl AnMarHoCTUKM
peakTUBHOrO apTpuTa. BECTHWUK COBPEMEHHON KIMHUYECKOM
meauumnHel. 2018. T.11, Ne4, 129-135.

47

13. llunses  P.P., llankHosa C.H. [ucnnasus
COEAVHWUTENbHON TKAaHM W ee CBA3b C MaTtonoruen
BHYTPEHHUX OpraHoB y AeTed W B3pocnbiX. Bonpocsl
coBpemeHHoit neguatpuu. 2004. T5(2). 67.

14. Abraham P., Marin G., Filleron A., Michon A.L.,
Marchandin H., Godreuil S., Rodiére M. et al. Evaluation of
post-infectious inflammatory reactions in a retrospective
study of 3 common invasive bacterial infections in
pediatrics. Medicine (Baltimore). 2022 Sep 23; 101(38):
€30506. doi: 10.1097/MD.0000000000030506.

15. Ailioaie L.M., Ailioaie C., Litscher G. Biomarkers in

Systemic  Juvenile Idiopathic  Arthritis, Macrophage
Activation Syndrome and Their Importance in COVID Era.
Int J Mol Sci. 2022 Oct 22.23(21):12757. doi:
10.3390/ijms232112757.

16. Breban M., Beaufrere M., Glatigny S. The
microbiome in spondyloarthritis. Best Pract Res Clin
Rheumatol. 2019 Dec. 33(6):101495. doi:
10.1016/j.berh.2020.101495.

17. Carbonell-Bobadilla N., Rodriguez-/\lvarez AA,
Rojas-Garcia G., Barragan-Garfias J.A., Orrantia-Vertiz M.,
Rodriguez-Romo R. Joint hypermobility syndrome. Acta
Ortop Mex. 2020 Nov-Dec. 34(6):441-449.9,

18. Favazzo L.J., Hendesi H., Villani D.A., Soniwala S.,
Dar Q.-A., Schott E.M., Gill S.R., Zuscik M.J. The Gut
Microbiome-Joint Connection: Implications in Osteoarthritis.
Curr. Opin. Rheumatol. 2020, 32, 92-101.

19. Glantz S.A. Primer of Biostatistics, 2011, 327 p.

20. Guicciardi N.A., De Bonis M., Di Resta C., Ascione
G., Alfieri O., Maisano F., Vergara P. Genetic background
of mitral valve prolapse. Rev Cardiovasc Med. 2022 Mar 12.
23(3):96. doi: 10.31083/j.rcm2303096.

21. Jubber A., Moorthy A. Reactive arthritis: a clinical
review. J R Coll Physicians Edinb. 2021 Sep. 51(3):288-
297. doi: 10.4997/JRCPE.2021.319.

22. Le Tourneau T., Mérot J, Rimbert A, Le Scouarnec
S., Probst V., Le Marec H., Levine R.A., Schott J.J.
Genetics of syndromic and non-syndromic mitral valve
prolapse. Heart. 2018 Jun. 104(12):978-984. doi:
10.1136/heartjnl-2017-312420.

23. Shahid Z., Brent L.H., Lucke M. Enteropathic
Arthritis. 2024 Apr 19. In: Stat Pearls [Internet]. Treasure
Island (FL): Stat Pearls Publishing. 2024 Jan.

24. Sun Y., Chen Q, Lin P, Xu R, He D., Ji W. et al.
Characteristics of Gut Microbiota in Patients With Rheumatoid
Arthritis in Shanghai, China. Front Cell Infect Microbiol. 2019
Oct 23. 9:369. doi: 10.3389/fcimb.2019.00369.

25. Tuompo R., Laaveri T., Hannu T., Pakkanen S.H.,
Kirveskari J., Leirisalo-Repo M., Kantele A. Reactive
arthritis and other musculoskeletal symptoms associated
with acquisition of diarrhoeagenic Escherichia coli (DEC).
Ann  Rheum Dis. 2020 May. 79(5):605-611. doi:
10.1136/annrheumdis-2019-216736.24,25.

26. Zaiss M.M., Wu H.-J.J., Mauro D., Schett G., Ciccia
F. The gut-joint axis in rheumatoid arthritis. Nat. Rev.
Rheumatol. 2021, 17, pp. 224-237.

References: [1-13]

1. Alekseeva E.I., Zholobova E.S. Reaktivnye artrity u
detei [Reactive arthritis in children]. Voprosy sovremennoi
pediatrii [Issues of modern pediatrics], 2003, V.2, Ne1, pp.
51-56. [in Russian]



Original article

Science & Healthcare, 2024 Vol. 26 (6)

2. Babtseva AF., Shanova O.V., Boichenko T.E.,
Arutyunyan K.A., Romantsova E.B. Displaziya soedinitel'noi
tkani u detei i podrostkov. Uchebnoe posobie [Connective
tissue dysplasia in children and adolescents. Study guide].
— Blagoveshchensk: 2010. 101 p. [in Russian]

3. Vershinina M.A. Bronkholegochnyi sindrom pri
displazii  soedinitel'noi tkani:  kliniko-patogeneticheskoe
obosnovanie printsipov diagnostiki i lecheniya: dis.dokt.
med. nauk. [Bronchopulmonary syndrome in connective
tissue dysplasia: clinical and pathogenetic substantiation of
diagnostic and treatment principles: diss. ... doctor of
medical sciences] Sanki-Peterburg, 2015. 44 p. [in Russian]

4. Gulidova N.S., Matvienko E.V., Krivdina N.D.,
Razin'kova N.S., Khmelevskaya 1.G., Minenkova T.A.
Klinicheskaya dinamika reaktivnogo artrita u detei [Clinical
dynamics of reactive arthritis in children]. Vestnik VolgGMU
[Bulletin of VolGMU]. 2019. Ne2. pp. 78-80 [in Russian]

5. Dalibaeva G.Sh., Gabdulina G.Kh., Kalimkhanov
S.B. Potentsial'nye faktory riska i prichiny razvitiya
revmatoidnogo artrita [Potential risk factors and causes of
rheumatoid  arthritis].  Klinicheskaya  meditsina i
farmakologiya [Clinical medicine and pharmacology]. 2024.
Ne3(254). pp. 59-68. [in Russian]

6. Danilova E.Il, Chelpachenko O.E., Nikiforov LA.,
Perunova N.B., Ivanova E.V., Sumenko V.V. Rol' displazii
soedinitel'noi tkani v razvitii reaktivnykh i infektsionnykh
artritov u detei [The role of connective tissue dysplasia in
the development of reactive and infectious arthritis in
children].  Orenburgskii meditsinskii vestnik [Orenburg
Medical Bulletin]. 2017. T.5, Ne3(19). pp.10-15. [in Russian]

7. Lyalyukova E.A. Narusheniya pishchevareniya i
vsasyvaniya v kishechnike v protsesse razvitiya belkovo-
energeticheskoi nedostatochnosti u patsientov s displaziei
soedinitel'noi tkani [Digestion and absorption disorders in
the intestine during the development of protein-energy
malnutrition in patients with connective tissue dysplasia).
Lechashchii vrach [Attending physician]. 2014. Ne 2. pp.
47-50. [in Russian]

8. Martynov A.l,, Nechaeva G.I., Akatova E.V. i soavt.
Natsional'nye  rekomendatsii  Rossiiskogo nauchnogo

Information about the authors:

meditsinskogo obshchestva terapevtov po diagnostike,
lecheniyu i reabilitatsii patsientov s  displaziyami
soedinitel'noi tkani [National recommendations of the
Russian Scientific Medical Society of Therapists for
diagnostics, treatment and rehabilitation of patients with
connective  tissue  dysplasia].  Meditsinskii  vestnik
Severnogo Kavkaza [Medical Bulletin of the North
Caucasus]. 2016. T.11, Ne1. pp.2-76. [in Russian]

9. Nechaeva G.I, Vershinina M.V., Govorova S.E.
Respiratornaya patologiya i displaziya soedinitel'noi tkani:
vozmozhna li edinaya kontseptsiya? [Respiratory pathology
and connective tissue dysplasia: is a unified concept
possible?]. Pul'monologiya [Pulmonology]. 2010;(3):5-10.
https://doi.org/10.18093/0869-0189-2010-3-5-10 [in
Russian]

10. Nechaeva G.l., Viktorova |.A.  Displaziya
soedinitel'noi  tkani: terminologiya, diagnostika, taktika
vedeniya patsienfov  [Connective tissue dysplasia:
terminology, diagnostics, patient management tactics] —
Omsk, 2007. — 188p. [in Russian]

11. Pisareva A.D., Matvienko E.V., Krivdina N.D.,
Khmelevskaya I.G., Razin'kova N.S. Osobennosti techeniya
reaktivnykh artritov u detei i podrostkov na sovremennom
etape [Features of the course of reactive arthritis in children
and adolescents at the present stage]. Nauchno-
prakticheskii vestnik "Chelovek i ego zdorov'e" [Scientific
and practical bulletin "Man and his health"]. 2018. Ne 1.
pp.36-39. [in Russian]

12. Safargalieva L.Kh., Shaimuratov R.l, Yagfarova
R.R., Sharipova R.R. Problemy diagnostiki reaktivnogo
artrita [Problems of diagnostics of reactive arthritis]. Vestnik
sovremennoi klinicheskoi meditsiny [Bulletin of modern
clinical medicine]. 2018. T.11, Ned4. pp. 129-135. [in
Russian]

13. Shilyaev.  R.R., Shalnova S.N. Displaziya
soedinitel'noi tkani i ee svyaz' s patologiei vnutrennikh
organov u detei i vzroslykh [Connective tissue dysplasia
and its relationship with pathology of internal organs in
children and adults]. Voprosy sovremennoi pediatrii [Issues
of modern pediatrics]. 2004. T5(2). pp.67-70. [in Russian]

Ivanova Raifa Latyfovna — Professor, Doctor of Medical Sciences, Department of Internal Medicine and Rheumatology
NCJSC «Semey Medical University», 103 Abay street, Semey, 071400, Kazakhstan; Email; raifa.ivanova@smu.edu.kz;
Phone number: +7(777)147-28-92. https://orcid.org/0000-0001-9851-2255

Toktabayeva Bakytkul Zhumagalievna — Candidate of Medical Sciences, Acting Associate Professor, Department of
Propaedeutics of Children's Diseases NCJSC «Semey Medical University», 103 Abay street, Semey, 071400, Kazakhstan;
Email:bakytkul.toktabayeva@smu.edu.kz; Phone number:+7(701)150-84-20. https://orcid.org/0000-0001-5899-1247
Lobanov Yuri F. — Professor, Doctor of Medical Sciences, Department of Propaedeutics of Children's Diseases, «Altai State
Medical University» Lenin Prospect 40, Barnaul, Russian Federation, 656038; Email: k-propdetbol@asmu.ru; Phone
number: +7 (960) 946-71-43. https://orcid.org/0000-0001-6284-1604

Corresponding Author:

Tugelbayeva Aigul Mauletbayevna - Assistant, Department of Propaedeutics of Children's Diseases NCJSC «Semey
Medical University», https://orcid.org/0000-0002-4920-3525. Semey, Kazakhstan

Post address: Kazakhstan, 071400, Semey, Abay street 103.

Email: aigul.tugelbayeva@smu.edu.kz
Phone number: +7 (747) 849-63-23.


mailto:raifa.ivanova@smu.edu.kz
https://orcid.org/0000-0001-9851-2255
mailto:bakytkul.toktabayeva@smu.edu.kz
https://orcid.org/0000-0001-5899-1247
mailto:k-propdetbol@asmu.ru
https://orcid.org/0000-0001-6284-1604
https://orcid.org/0000-0002-4920-3525
mailto:aigul.tugelbayeva@smu.edu.kz

