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Dynamics of the cytokine profile in children and adolescents with
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modulated infrared therapy

Belyakova I.A.**, Nikiforova O.Yu.2, Urazova O.1.}, Filinyuk O.V.}, Baikov A.N.},
Nevskaya K.V.}, Kabanets N.N.!

1Siberian State Medical University (Tomsk)
2V.E. Zuev Institute of Atmospheric Optics (Tomsk)

AHHOTAIIUA

VccenoBaHO BIUSTHEE KypCOBOTO BO3AEHCTBUSA CBEPXCIA0BIM MOJIYJIMPOBAHHBIM HH(GPAKPACHBIM II0JIEM C YaCTO-
ToH 125 I'll Ha cofiepKaHue TIPO- U MPOTHBOBOCIIAJINTEIBHBIX ITUTOKUHOB (MHTepdepona (IFN) y u uatepseiikuaos (IL)
4 ¥ 10) B KpOBH y 36 JieTell ¥ MOIPOCTKOB C TyOEepKyIe30M BHYTPUTPYAHBIX TUMGbATHUECKUX y3/10B. OOHAPYKEHO, UTO
IIPU JIAHHOM BO3/I€NICTBUU MOBBIIIaeTcs ypoBeHb IFNy B kpoBu Ha 18.9 % (6e3 dbusnoBo3zeiicTBus — Ha 9.6 %), UTO CBU-
JIETEJIBCTBYET 00 MMMYHOCTUMYJIUPYIOIINX CBOHCTBAX NH(PAKPACHOTO U3aydeHus. [1o10KuTeIbHAs JUHAMUKA U3MEeHe-
HUH ITUTOKMHOBOTO MPOGWIIS BBISABJIAETCA y 22 % feTel, moJrydaBmux GU3HoJIeYeHre, U JIUIIb B 16 % cIyJdaeB B OTCYT-
CTBHE ero IIPUMeHeHUs.

Kaoueevte caosa: tybepKyse3 BHYTPUTPYAHbIX TUM(DATHUECKHX Y3JI0B, I€TH U MOAPOCTKY, IMMYHHTET, [IUTOKUHBI,
¢dusuoBo3ericTBHE.

ABSTRACT

The effect of the course of superweak infrared radiation modulated at 125 Hz frequency on the concentration of pro-
and anti-inflammatory cytokines (IFNy, IL-4 and IL-10) was studied in the blood of 36 children and adolescents with
tuberculosis of the intrathoracic lymph nodes. It was found that IFNy concentration increased by 18.9 % and in patients
without infrared therapy by 9.6 %. This indicates immunostimulatory properties of infrared radiation. Positive changes in
the cytokine profile were found in 22 % of children who had received this kind of physiotherapy and only in 16 % of cases
in the group without infrared treatment.

Keywords: tuberculosis of the intrathoracic lymph nodes, children and adolescents, immunity, cytokines, physio effect.

BBEJAEHUNE INTRODUCTION

TyGepKysIe3 sBIsSeTcs IPUMePOM HHMEKIHOH- Tuberculosis (TB) is an example of an infectious
HOTO 3a00JsIeBaHud C BHYTPUKJICTOUHBIM I1apa3UTU- disease With intracellular parasite; the TB course
poBanuem 13036y,u1/1Te11${, TEUEHUE U UCXO0J, KOTOPO- and outcome depend largely on the immunological
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rO BO MHOTOM 3aBHCAT OT COCTOSIHHSI UMMYHOJIOTH-
YecKON peaKTHBHOCTU OpraHu3Ma. /[okazaHHBIM Ha
CETOIHAIIHUH JIeHb ABJISETCS TOT (HAKT, UYTO CTENIEHD
HapyIIeHN TMMYHOJIOTHYECKOU PEaKTUBHOCTHU Tec-
HO KOppeJIUpyeT ¢ KINHUKO-PEHTTEHOIOTHYECKIMU
MIPOSIBJIEHUSIMU TYOEepPKYIe3HOH NHGEKITUH, OTpaXKa-
eT TSKeCThb TeueHus 6osie3Hu [1—-3].

BropuuyHasg WMMYHOJIOTUYECKAs HEJOCTaTOU-
HOCTb, PA3BUBAIOIIASACS MPU TyOepKyse3e, BO MHO-
TOM OIpeJiesIfeTcsl HapylleHneM OasaHca Tpo- U
IIPOTUBOBOCIIJINTEJIBHBIX ITUTOKUHOB. [[UTOKMHO-
BBIU IPO(DIIb KPOBU ¥ OOJIBHBIX TyOEPKYJI€30M I10-
3BOJISIET 0XaPAKTEPU30BaTh GYHKI[MOHAIBHOE COCTO-
sTHFEe UMMYHHOU CHUCTEMEI [4].

B nocsienHme rosipl, KaK B SKCIIEPUMEHTe, TaK U
B KJIIMHUKe, BHUMaHUe y/esseTcs IpUMeHeHuo (pu-
3WYECKUX MeTO/I0B, HAIIPABJIEHHBIX HAa BOCCTAHOB-
JIEHHe TOMeOCTa3a U PEaKTUBHOCTU OPTaHU3Ma MPU
JericTBUU 00J1e3HETBOPHBIX (pakTOpoB. Cpeau akTu-
BAaTOPOB PEAKTUBHOCTHU IEPBOCTENIEHHOE 3HAUEHHE
umeroT ¢usndeckre (GakTopbl 00IIEro AeHCTBUS.
BonpmnHeTBy Qusudeckux (HakTOpoB, HPUMEH:-
eMbIX BO (bTU3HATPUM, CBOHCTBEHHO 0OJIEYTOJISIO-
mee, 6POHXOJIUTUYECKOE, IPOTHBOBOCIAIUTEIEHOE
U JieceHcHOMIn3upyomiee nericrsue. OHH yirydIna-
0T KpOBO- U TuMpoobpaleHre, akTHBUPYIOT PYHK-
nuu (paronuToB, pernapaTUBHbIE IPOLIECCH B TKAHAX
[5-91.

Haubosplllee pacmpocTpaHeHHE B MeJUIIMH-
CKOH IIPaKTUKeE TOJIYIUIN METO/[bl HUBKOUHTEHCUB-
HOU mH$ppakpacHoU Tepanuu. HpakpacHbIi cBET
IyOOKO MTPOHUKAET B OMOIOTHYECKHe TKAaHU U TMe-
eT OOJIBIIYI0 IUIOIMI/Ib paccerBaHusA. Momysisaius
caboro MH(GPAKPACHOTO U3JIyYEeHUS HU3KUMHU da-
CTOTaMU JIEJIAeT er0 JOCTYITHBIM JIJIsI BOCIIPUATHSA pe-
nenropamu Bubpanuu. I1ockoIbKy MHOTHE ITpoIiec-
Cbl B OpPTaHHU3Me YeJIOBEKA HAXOMAATCS B aBTOKOJIE-
0aTesIbHOM peXXUMe, CYIIEeCTBYeT MHEHUE, UTO PeTy-
JIIPHOE CTHUMYJIMPYIOIEe BO3/IEUCTBHE CBepxciiabo-
r'0 MO/YJINPOBAHHOTO NH(PAKPACHOTO U3JIyUYeHUs ¢
yacToTo 125 I't Ha MexaHOpeIenTOPbl MOOWIN3YeT
pe3epBHBIE alalTAlIIOHHBIE BOBMOXKHOCTY OPTaHU3-
Ma [10—12]. OnHaKo AaHHBIE O BIMSHUH TAaKOTO POz
U3JIy4eHUsl Ha COCTOSTHUE UMMYHHBIX PEAKITUH opra-
HHU3Ma U MeXaHU3Max, JIeXKAIlNX B er0 OCHOBE, HO-
CAT BeCbMa HEOJTHO3HAUHBIN XapakTep. Bmecre ¢ Tem
pe3y/abTaThl U3Y4YEHUs HMMYHOKOPPHUTHUPYIOITUX
CBOMCTB MOZYJIMPOBAHHOTO HH(MPAKPACHOTO H3IIY-
YeHUs] MOTYT CYIIECTBEHHO PACIINPUTH BO3MOXKHO-
CTH TIpUMeHeHUA (PUBUUIECKUX METO/OB /I Jieue-
HUS WHHEKIMOHHO-BOCTIAJIUTEIPHBIX 3a00JIeBaHUH,
B TOM 4HCJIe TyOepKyiesa.

reactivity of the body. It is proved that the degree
of impairment of immune reactivity is closely corre-
lated with the clinical and radiologic manifestations
of tuberculous infection and reflects the severity of
the disease [1—3].

A secondary immune failure which develops
in tuberculosis is largely determined by a violation
of the balance of pro- and anti-inflammatory cyto-
kines. The cytokine profile of blood in TB patients
allows us to characterize the functional state of the
immune system [4].

In recent years, both in the experiment and in
the clinic, attention has been paid to the physical
methods aimed at restoring the homeostasis and
reactivity of a body under the action of pathogenic
factors. Among the activators of reactivity, physi-
cal factors of general action are of primary impor-
tance. Most physical factors used in phthisiology are
characterized by analgesic, bronchodilator, anti-in-
flammatory and desensitizing effects. They improve
blood and lymph circulation, activate the functions
of phagocytes and support repair processes in tis-
sues [5—9].

The most widespread in medical practice are
methods of low-level infrared therapy. Infrared
light penetrates deep into tissues and has a large
dispersion area. The weak infrared radiation mod-
ulated at low frequencies makes it accessible for
perception by vibration receptors. Since many pro-
cesses in the human body are in an auto-oscillatory
mode, it is believed that the regular stimulating
effect of superweak modulated infrared radiation
with a frequency of 125 Hz on the mechanorecep-
tors mobilizes the reserve adaptive capabilities of
the body [10—12]. However, the data on the effect
of this kind of radiation on the immune reactions of
the body and the mechanisms underlying it are very
ambiguous. At the same time, the results of study-
ing immunocorrecting properties of modulated in-
frared radiation can significantly expand the possi-
bilities of using physical methods for the treatment
of infectious and inflammatory diseases, including
tuberculosis.

AIM OF THE RESEARCH

To estimate the influence of the course of super-
weak infrared radiation with a frequency of 125 Hz
on the content of pro- and anti-inflammatory cyto-
kines (interferon (IFN) vy, interleukins (IL) 4, 10) in
the blood of infants and adolescents with tuberculo-
sis of the intrathoracic lymph nodes.
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OEJDb UCCJIEAJOBAHNA

OueHuTh BJMAHHE KypCOBOTO BO3ZEHCTBUA
cBepXCIabbIM MOAYJIMPOBAHHBIM dYacTOTOH 125 I'm
WHOPAKPACHBIM II0JIEM Ha COZIEpPIKaHUeE IIPO- U IPO-
THBOBOCIIAJTUTEIFHBIX ITUTOKWMHOB (MHTepdhepoHa
(IFN) vy, uaTepseiikuHoB (IL) 4, 10) B KpoBU y JieTen
U TTOJTPOCTKOB C TyOEPKYJIE30M BHY TPUTPYAHBIX JTUM-
¢oy3J10B.

MATEPHAJIBI 1 METO/ABbI

O6cieroBaHO 67 AETEN U TOAPOCTKOB (35 MasIb-
YHKOB U 32 JIEBOYKH) B Bo3pacre 5—17 jieT (cpeHui
BO3pacT — 11.3 roza) ¢ TyOepKys1e30M BHYTPHUTPY/I-
HBIX JUM(OY3JI0B, HAXOAUBIIUXCSA Ha CTAllOHAP-
HoM JjiedueHUHn B OT'AY3 «Tomckuil GpTHU3UOITyIBMO-
HOJIOTHYECKUH MEIUIIMHCKUN IEHTP».

JluarHocTKa TyOepKyJiesa BHYTPUTPYIHBIX
JaUMGATHYECKUX Y3JI0B OCYIIECTBIIAIACh C MpPUMe-
HEeHHeM J1abOpaTOPHBIX METOJIOB HKCCIIEIOBAHUS
(MUKPOCKOITHS, TTOCEB MOKPOTBI HA TBEP/bIE U 3KH/I-
KUe THUTaTeJbHbIE CPeNbl, MOJUMepasHas IelmHast
peaknus c menbio omnpenenenus JHK mukobakre-
puii TyOepkysesa), peHTreHOorpaduH, KOMIIbIOTED-
HOU TOMOTrpaduu OpPraHOB JIbIXaHUS U UMMYHOIU-
arHOCTHKHU C UCII0JIb30BAHNEM BHYTPUKOKHBIX TIPOO
(TyOepKyJIMHOBBIH TecT U AuacKkuHTecT). bakrepuo-
BBIJIeJIEHUs He ObLIO YCTAHOBJIEHO HU Y OJHOTO U3
o0cJieToBaHHBIX JleTed. Bee geT mosyyanu XumMuo-
TepaIHIo 10 TPETHEMY PEKUMY, BKJTFOUAIOIIYIO0 H30-
HHUasu, pudaMIIUIUH, 5TaMOYTOJ ¥ TUPa3UHAMU
B CyTOYHOM J103€ COTJIACHO Macce TeJia.

Jlo6poBosibHOE HHGOPMHUPOBAHHOE —COIJIaCHe
Ha y4JacTHe JIeTeldl W IIOJIPOCTKOB B HCCJIEJIOBAaHUH
OBLIO MOJIYYEHO OT MX POJIUTEIIEN UIH OTIeKYHOB. c-
CJIeIOBaHUSA MMPOBEIEHBI ¢ pa3pelleHus JOKAJIbHOTO
stmdeckoro komurera ®I'BOY BO «Cubupckuii ro-
CYyZIapCTBEHHbBIN MEAUITUHCKUN YHUBEPCUTET» MUH-
3apasa Poccuu (mpoTokoit N2 3919 ot 08.12.2014).

JleTh W TOAPOCTKH, OOJIbHBIE TyOEpKyJie-
30M, OBUIM pacIpeieJieHbl Ha JBe Tpynubl. [lep-
ByI0 (OCHOBHYIO) TPYHILy COCTaBWIH 36 [eTeld U
MOZIPOCTKOB (16 MaJbYUKOB U 20 JEBOYEK B BO3-
pacre 11.5 (9 — 14) JieT), MeJUKAMEHTO3HOE Jieue-
HHE KOTOPBIX KOMOMHHUPOBAJIOCH C KypPCOBBIM BO3-
JIECTBUEM MOJIyJTUPOBAHHBIM HH(pPaKpacHbIM I10-
JIeM CcBepXcaaboll WHTEHCHUBHOCTH C IIEeJIBI0 CTHU-
MyJIAIAA OOIIMX aJIAaTUBHBIX peakiuil. dusmo-
BO3JelicTBHe mpoBoAmwan ammaparoM MK-tepamun
«®tusno-buodon» (Poccus). HTerpanpHas u3-
Jydyaemas MOIGHOCTh 1 MBT. /[Mana3oH AJIUH BOJH
0.8-0.9 MKM. PerucrpaioHHOE VIOCTOBEPEHUE
No ®CP 2008/02420 ot 9 anpens 2008 r. Mojtyis-
U HU3KOH YacTOThI 0bOecrieuyrnBasiaCh CEpUHHBIM
MeXaHUYECKUM MOJTYJIITOPOM OIITHYECKOTO H3JIyde-
HUs, KOTOPBIH IIpe/ICTaBIIsieT cOO0H BpalaroIIuics

MATERIALS AND METHODS

We examined 67 children and adolescents (35
boys and 32 girls) aged 5—17 years (mean age — 11.3
years) with TB of the intrathoracic lymph nodes who
had undergone inpatient treatment at the Tomsk
Phthisiopulmonologic Medical Centre.

Diagnosis of TB of the intrathoracic lymph
nodes was carried out using laboratory methods of
investigation (microscopy, sputum culture on solid
and liquid media, polymerase chain reaction for
detection of Muycobacterium tuberculosis DNA),
radiography, computed tomography of respiratory
organs and immunodiagnostics using intradermal
tests (tuberculin test and diaskintest). Bacterial se-
cretion was not found in any of the children exam-
ined. All children received chemotherapy according
to the third regimen, including isoniazid, rifampi-
cin, ethambutol and pyrazinamide in a daily dose
according to body weight.

Voluntary informed consent for the participa-
tion of children and adolescents in the study was
obtained from their parents or guardians. The in-
vestigations were carried out with the permission
of the local ethical committee of the Siberian State
Medical University (Tomsk) (Minutes No. 3919 of
08.12.2014).

Children and adolescents with tuberculosis
were divided into two groups. The first (main) group
consisted of 36 children and adolescents (16 boys
and 20 girls aged 11.5 (9—14)), whose drug therapy
was combined with a course of modulated infrared
radiation of superweak intensity to stimulate gener-
al adaptive reactions. Infrared light therapy device
“Phthisio-Biofon” (Russia) was used. The integrat-
ed radiated power is 1 mV. The wavelength range
is 0.8-0.9 um. Registration Certificate No. ®CP
2008/02420 dated April 9, 2008. A serial mechani-
cal modulator of optical radiation which is a rotat-
ing disk with holes provided low-frequency modula-
tion. The purpose of the modulator is to convert the
continuous radiation into radiation in the form of a
sequence of pulses with a specified repetition rate.
The treatment was carried out in the physio room.
The devices were located at a distance of 2 m from
the patient. Exposure time — 10 min. The course of
treatment — 10 procedures. Undesirable general
and local effects were not observed during the phys-
iotherapy.

The second group — the comparison group (19
boys and 12 girls at the age of 10 (8—14) years old) —
included TB children and adolescents, whose treat-
ment was not accompanied by physiotherapy.
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Ta6uuma 1. XapakTepucTruka 00cIeJ0BaHHbIX JIETEH U TTOJIPOCTKOB, OOJIBHBIX TYOEPKYJI€30M BHYTPUTPYAHBIX TUMQATH-

YECKHX Y3JI0B

Table 1. Characteristics of the examined children and adolescents with tuberculosis of intrathoracic lymph nodes

I'pynna Bcero Masnpunku JleBouku 5—13 JIeT 14 et 15—17 JIeT
Group Total Boys Girls Aged5—13 Aged14  Aged15-17
OcuoBHas / Main 36 16 20 23 8 5
CpaBuenwus / Comparison 31 19 12 20 4 7

JINCK C OoTBepcTHAMU. HazHaueHune MOJyJsiTopa —
peoOpa3oBaTh HENPEPHIBHOE U3IYUEHHE B H3IyUe-
HHUE B BUJIE MOCIEN0BATEIBHOCTH UMITYJIbCOB C 3a-
JIAHHOH! YacTOTOU cJieZloBaHusA. JleueHre MpoBOY-
JIOCh B YCJIOBHUAX (HU3HMOKaOMHETAa. YCTPOUCTBA pac-
MoJIarajiich Ha PaCCTOSIHUM 2 M OT MmaijueHTa. Bpe-
Ms BO37eHcTBUA 10 MUH. Kypc jleueHus 10 mpoiie-
nyp. HexxenaTeTbHBIX OOIINX U MECTHBIX 3 (PEKTOB
BO BpeM: (GUBHUOIIPOIEAYPHI HE OTMEYAIOCH.

Bropyro rpyIiy — rpyIiny cpaBHeHuUs (19 Majib-
YHUKOB U 12 JIeBOYEK B Bo3pacre 10 (8 — 14) yier) —
COCTaBUWJIH JIETH U TIOJIPOCTKHU C TyOEPKYJIe30M, Y KO-
TOPBIX XUMHOTEPAIIUS HE COMPOBOKIAAIACH (PUBHO-
BO3JIEHICTBHEM.

KOHTpOJIbHYIO TPYIIYy COCTABUJIU 15 3I0POBBIX
JleTell 5—14 JIeT U 4 MOAPOCTKa 15—17 jeT (Bcero 11
MaJIbYUKOB U 8 /leBoUeK B Bo3pacre 9 (6—14) Jier).

3HaYUMBIX paziauyuil mo noiy (p = 0.356) u
Bo3pacty (p = 0.253) MeX/y rpyIIaMu UCCIeI0Ba-
HUA (KOHTPOJIBHOM, OCHOBHOI M CpaBHEHUsI) HE OT-
MeJasoch.

BospacTHO-110/10Bast XapaKTePUCTHKA 00CIe0-
BaHHBIX JIeTEH U MOAPOCTKOB, OOJIBHBIX TyOEpKYyJIe-
30M, IIpe/iCTaBIeHa B TabII. 1.

VY nmeredl u MOAPOCTKOB, OOJBHBIX TYOEpKyJie-
30M, KOHIIEHTPAIIUIO [IATOKWMHOB B CHIBOPOTKE KPO-
BH OIIPEJIETISIIN JI0 JIEUEHHsI U Yepes 1 Mec IMOocje Ha-
vasa GU3N0BO3AENUCTBUA, Y 3I0POBBIX JIeTeN U TI0/I-
POCTKOB — OJTHOKPATHO.

3a60p KpOBH OCYIIECTBIISIH U3 JIOKTEBOI BEHBI
YTPOM HATOINAK B KOJIMYECTBE 5 MJI.

JI7is1 m3MepeHusi KOHIIEHTPAIMH ITUTOKUHOB B
CBIBOPOTKE KPOBHW IPUMEHSIN METO UMMYHOpEpP-
menTHOTO aHaynuza (ELISA) ¢ ucmosp3oBaHueM pea-
reaToB 3AO «Bexrtop-Bbect» (Poccust).

JI71s TPOBEPKHU THIIOTE3BI O COOTBETCTBUY UCCIIE-
JIyeMOT0 ITapaMeTpa B BRIOOPKE HOPMAaJIbHOMY 3aKO-
Hy paclpejieJieHusl UCIoJib30oBau Kpurepui Illa-
nmupo — Yuiuka. [IockosbKy He BCe KOJIN4YeCTBeH-
Hble TIPU3HAKHA B CPABHUBAEMBIX TPYIIIAX COOTBET-
CTBOBAJIM HOPMAaJIbHOMY pACIIPE/IEJIEHUIO, Pe3ysIb-
TaThl MPEJICTABJISIN B BUAe Meuanbl (Me), BepxHe-
ro (75 %) u HuxHero (25 %) kBapruieii (Me (Q —Q 3)).
JIna OLEHKH [OCTOBEPHOCTH Pa3IuYUi BBHIOOPOK
MIPUMEHSUTH HenlapaMmerpudeckue U-kputepuii MaH-
Ha — YuTtHuU U Kputepuil Kpackesa — Yosuca Jiis

The control group consisted of 15 healthy chil-
dren aged 5-14 years and 4 adolescents aged 15—17
years (a total of 11 boys and 8 girls aged 9 (6—14)
years).

Significant differences in sex (p = 0.356) and
age (p = 0.253) were not observed between study
groups (control, main and comparison).

The age-sex characteristics of the examined
children and adolescents with tuberculosis are pre-
sented in Table 1.

In TB children and adolescents, the concentra-
tion of cytokines in serum was determined before
treatment and 1 month after the onset of physio-
therapy, in healthy children and adolescents — once.

Blood samples of 5 ml were collected from the
ulnar vein on an empty stomach in the morning.

To measure the concentration of cytokines in
the blood serum, the ELISA method was applied
using the reagents manufactured by “Vector-Best”
(Russia).

To test the hypothesis of the correspondence of
the investigated parameter in the sample to the nor-
mal distribution law, the Shapiro — Wilk test was
used. Since not all the quantitative characteristics in
the compared groups corresponded to the normal dis-
tribution, the results were presented as median (Me),
upper (75 %) and lower (25 %) quartiles (Me (QI—QB)).
To assess the reliability of sample differences, we used
the nonparametric Mann — Whitney U-test, the Krus-
kal — Wallis test for independent samples, the Wil-
coxon W-test for paired samples, and the y>-test for
qualitative data. Differences were considered reliable
at a significance level of p < 0.05.

RESULTS AND DISCUSSION

In all children and adolescents with tuberculo-
sis of the intrathoracic lymph nodes, the content of
IFNy and IL-10 in the serum was significantly lower,
and the level of IL-4 was, on the contrary, higher
than in the group of healthy children and adoles-
cents both before and after treatment, regardless
of the physical therapy procedures in combination
with etiotropic anti-tuberculosis drugs (p, < 0.001,
Table 2).
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TaGaunma 2. KoHIeHTpanus [TUTOKWHOB B CHIBOPOTKE KPOBH V JIET€H U MOJPOCTKOB € TYOEPKY/I€30M BHYTPUTPY/IHBIX
UMGbATUYECKUX Y3JI0B B 3aBUCUMOCTH OT criocoba euenus (Me (Q1—Q3), rr/mun)

Table 2. The concentration of cytokines in the serum in children and adolescents with tuberculosis of the intrathoracic
lymph nodes, depending on the method of treatment (Me (Q1—Q3), pg/ml)

JIeTu U MOAPOCTKHU, 6OJIHHBIE
TyOepKyJIe30M, ¢ IPUMEHEHUEM
dusnoneuenus (ocHOBHAs TPyIIa

3I0pOBhIE IETH U

Jletn 1 IOIpOCTKH, OOIBHBIE
TyOepKyIe30M, 0e3 IPUMEHEHUS
¢duznonedeHus (rpymnmna cpaBHEHHs

Lurokun L OAPOCTKH (n = 36)) (n=31))
Cviokine Healthy children g ¢hildren and adolescents who under-  TB children and adolescents without
vt
?nd &idc))lescents went physiotherapy (main group (n = 36)) physiotherapy (comparison group (n = 31))
n=
g 710 JIeYeHUs rocJie JIe4eHus JI0 JIeYeHUs HocJIe JIe9eHUs
before treatment after treatment before treatment after treatment
IFNy 10.87(8.87-13.76) 2.95 (2.60-3.30) 3.51(3.07—4.04) 3.13 (2.54-3.58) 3.43 (2.83—4.18)
D, < 0.001 D, < 0.001 D, < 0.001 P, < 0.001
p,=0.004 p,=0.021
1L-4 0.40 (0.38-0.43) 1.04 (0.74-1.14) 1.00 (0.79-1.32) 0.92 (0.81-0.98) 0.88 (0.79—0.93)
D, < 0.001 P, < 0.001 P, < 0.001 P, < 0.001
p, =0.021
IL-10 13.89 (11.45-16.65) 2.56 (2.10—3.21) 2.77 (2.22-3.73) 2.32 (1.61-3.04) 2.14 (1.07—-2.77)
D, < 0.001 P, < 0.001 P, < 0.001 P, < 0.001
P, =0.014

Ilpumedanue: p, — ypoBeHb CTATUCTHIECKOH 3HAYMMOCTH PA3IMYHiA 10 CPABHEHHIO CO 37I0POBBIMHU JIETBMH U MOAPOCTKAMH; P, —
TI0 CPABHEHHIO CO 3HAYEHUSAMU /10 JIEYEHUS; P, — Y AeTedl U MO/JPOCTKOB OCHOBHOM IPYTIIIBI € IPHMEHEHneM (PHU3HOJIEYeHH TI0 CPaBHe-

HUIO C J€TbMH U IIOJIPOCTKAMU U3 I'PYIIIIBI CDABHEHU .

Note: p, — the level of statistical significance of differences in comparison with healthy children and adolescents; p, — compared with
values before treatment; p, — in children and adolescents of the main group with the use of physiotherapy in comparison with children

and adolescents from the comparison group.

HE3aBUCUMBIX BBIOOPOK B W-KpuTepuid BrikokcoHa
JUIS1 3aBUCUMBIX BBIOOPOK, a TAK)Ke Y2-TEeCT JIJIs Kaue-
CTBEHHBIX JIAHHBIX. Pa3/Iiuns CUYUTAIH JIOCTOBEPHBI-
MU IIPU YPOBHE 3HAUUMOCTHU P < 0.05.

PE3YJIBTATBI U OBCYXKIAEHMUNE

VY Bcex 0OC/IEOBAHHBIX JIeTEH U IIOAPOCTKOB
¢ TyOEepKyJIe30M BHYTPUTPY/HBIX JUM(MATHIECKUX
y350B copep:xanue IFNy u IL-10 B CBIBOPOTKE KPOBU
OBLIIO0 3HAYNTETHHO HIKE, 8 YPOBEHD 11.-4, HATIPOTHB,
BBIIIIE, YEM B TPYIIIIE 37I0POBBIX IETEH U IIO/IPOCTKOB —
KaK 710, TaK U TOCJIe JIEYEHUsI BHE 3aBUCHUMOCTH OT
IpUMeHeHUs GU3HOBO3/IECTBUA B COUETAHUU C IIPO-
TUBOTYOEPKYIE3HBIMU CPEJCTBAMU STHOTPOITHOH Te-
panuu (p, < 0.001, TabI. 2).

Tem He MeHee IOcJe JIEUEHHUA Y AeTel U IOJ-
POCTKOB, OOJIBHBIX TYOEpKyJIe30M, OTMEYaJIoCh IIO-
BolleHue cojiep:kanusa [FNy B kpoBu (cM. Tabi. 2).
[TockoIBKY TaKOTO POZA AMHAMUKA O0HAPYKUBAJIOCH
KaK B OCHOBHOM rpynme (p, = 0.004), Tak U B IPyI-
1e cpaBHEHuUsA (p, = 0.021), BEPOATHO, 3TO MOIJIO 00-
VCJIOBJIUBAThCA JIEUCTBHEM B IEPBYIO OUepeNb IPO-
THUBOTYOEPKYJIE3HBIX CPEJICTB U BO BTOPYI0 — HHbpa-
KPAaCHOTO H3JIyYeHUs], BBI3BIBAIOIINX SJIMMUHAIIIIO
BO30YZIUTEJIS U BOCCTAHOBJIEHE MMMYHOPEAKTHBHO-
cru (cM. Tabu. 2).

BrIpakeHHBIX MEKTPYIIIOBBIX PA3JIMYUU 110 CO-
nepskanmio narepiaedkuHoB (IL-4 u IL-10) B kpoBu y
JleTel U MOAPOCTKOB, OOJIBHBIX TYOEPKYIE30M, /10 JIe-

Nevertheless, after treatment, there was an
increase in the content of IFNy in the blood of TB
children and adolescents (see Table 2). Since this
kind of dynamics was found both in the main group
(p,= 0.004) and in the comparison group (p, = 0.021),
this probably could be due to the action of primarily
anti-tuberculosis drugs and then to infrared radiation,
causing the elimination of the pathogen and restora-
tion of immunoreactivity (see Table 2).

Marked intergroup differences in the content of
interleukins (IL-4 and IL-10) in the blood of children
and adolescents with tuberculosis were not detected
before treatment. At the same time, after treatment
in the main group receiving physiotherapy in combi-
nation with anti-tuberculosis drugs, there was a de-
crease in IL-4 and an increase in the concentration
of IL-10 in the blood (see Table 2).

Such changes combined with an increase in the
concentration of IFNy in the blood — a cytokine with
a marked protective property — can be considered as
a criterion for the immunocorrective effect of com-
bined treatment of tuberculosis. Moreover, this can
serve as an indicator of the greater effectiveness of
this method than the etiotropic therapy alone, since
it indicates a decrease in the severity of inflamma-
tion induced by a bacterial infection.

Analysing individual changes in the cytokine
blood profile (in each individual patient, Fig. 1), we
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yeHUs He 0OHAPYKUBAJIOCH. B TO 3ke BpeMms mocie jie-
YeHUs y JIETel U MOIPOCTKOB OCHOBHOH TPYIIIIBI, TIO-
JlydaBIIUX (PU3HOJIeUeHre B KOMOMHAIIIYN C IIPOTH-
BOTYOEpPKYJIE3HBIMU CPEICTBAMHU, OTMEYAJIOCh CHU-
’KeHUe cofiepkaHus IL-4 1 noBblllleHNe KOHI[EHTPa-
nwu I[L-10 B kpoBH (cM. TabII. 2).

Takoro pojia U3BMeHEHUs B COBOKYITHOCTH C yBe-
nudeHueM KoHIeHTpauuu IFNy B KpoBu — LUTO-
KHHA C BBIPQYKEHHBIMH ITPOTEKTHUBHBIMH CBOMCTBa-
MU — MOXKHO paccMaTpuBaTh KaK KPUTEPUH MMMYy-
HOKOppUTHpyomero sddexra KOMOWMHUPOBAHHOTO
JleyeHus TyOepkyse3a. Bosiee Toro, 3T0 MOXKeT CIIy-
JKUTh TIOKa3areseM Oosblneld 3GeKTUBHOCTH JIaH-
HOTO C€rocoba JieueHusl, HeXKeJI MPUMEHEHUs TOJIb-
KO CPeZICTB STHOTPOITHOM Tepanni, TOCKOJIBKY CBH/Ie-
TEJIBCTBYET 00 YMEHBIIIEHUN BRIPAYKEHHOCTH BOCTIAIe-
HUA, UHJIyIIUPOBAHHOTO OaKTepHaTbHON NH(EKITHEH.

[Ipu aHanM3e MHANBUAYATBHBIX NU3MEHEHUH ITH-
TOKMHOBOTO POt KpoBu (y KaxKaoro obciemye-
MOTO B OTJIE/IBHOCTH, PHC. 1) YBeJIMUEHNE KOHI[EHTPA-
nuu [FNy u IL-10 npu ymeHblieHuu cosiepxkanus I1L-4
B KPOBH OTMEUAJIoch B 22 % cirydaes (v 8 u3 36 gereit
U TTOJIPOCTKOB, OJIYYaBIINX (PU3HOJIeUeHEe) B OCHOB-
HOM TPYIIIle UCCIENOBAHUSA U JIUIID B 16 % CIIyyaeB B
rpyte cpaBHeHus (Y 5 U3 31 1eTel ¥ MOAPOCTKOB IIPHU
IPUMEHEHUH TOJILKO STHOTPOITHOH TEPAIIHH).

BakHBIM [IMarHOCTHMYECKUM M IIPOTHOCTHYE-
CKUM TIOJIOKUTEJIbHBIM KPUTEPUEM TeUYeHUs WH-

17 —
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A

A\

6 -

5 -

4 -

[

found an increase in the concentration of IFNy and
IL-10 with a decrease in IL-4 in the blood in 22 % of
cases (in 8 out of 36 children and adolescents who re-
ceived physiotherapy) in the main group and only in
16 % of cases in the comparison group (in 5 of 31 chil-
dren and adolescents with the drug therapy alone).
An important diagnostic and prognostic positive
test for the progression of the infectious process in
the lungs is the ratio of IFNy and IL-10 in the blood
(1 : 1 in healthy individuals): IFNy as a key compo-
nent of cell-mediated immunity, and IL-10 as a cy-
tokine with immunosuppressive activity, inhibiting
the production of pro-inflammatory cytokines and
regulating the activity of inflammation. An increase
in this ratio indicates activation of T-cell immunity
and a decrease indicates T-cell insufficiency [13].
According to the results of the study, in healthy
children and adolescents the ratio of IFNy / IL-10
was 0.80 (0.58-0.98), while in TB children and ado-
lescents, both before and after treatment, the IFNy /
IL-10 ratio was more than one with a tendency to in-
crease after therapy: in the main group 1.15 (0.94—
1.37) before and 1.17 (1.03—1.40) after treatment and
in the comparison group 1.31 (1.02—2.00) before and
1.48 (1.11—3.02) after treatment. In addition, in the
treated children and adolescents of both groups the
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Etiotropic treatment combined with
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TOJIbKO 3THOTPOITHAS TEPATIHS
Only etiotropic therapy

Puc. 1. I3MeHEeHHs [UTOKIMHOBOTO TPOGbUIIsi KPOBH Y IETEH U MOPOCTKOB C TYOEPKYIe30M BHYTPUIPY/IHBIX TUMbATH-
YECKHUX Y3JIOB B 3aBUCHMOCTH OT CI10co6a JIeYeHus
Fig. 1. Changes in the cytokine profile of blood in children and adolescents with tuberculosis of the intrathoracic lymph
nodes, depending on the method of treatment
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Etiotropic treatment combined with
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=
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Tonbko 3THOTPONIHAA TepaNus
Only etiotropic therapy
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Puc. 2. lzmenenus cootHomenus [IFNy/IL-10 y geTel 1 oJIpoCTKOB ¢ TyOEpPKYI€30M BHYTPUTPY/IHBIX TUMQPATUIECKIX
V3JIOB B 3aBUCHUMOCTH OT CIIOCO0A JIeueHust
Fig. 2. Changes in the ratio of IFNy / IL-10 in children and adolescents with tuberculosis of the intrathoracic lymph
nodes depending on the method of treatment

(bexIMOHHOTO TpoIecca B JIETKUX SIBJISIETCS COOT-
Homenue IFNy u IL-10 B xpoBH (1 : 1 ¥ 30POBBIX
smi): IFNy — Kak KII04eBoro MeinaTopa KJIeTouHO-
OIIOCPEJIOBAHHOTO UMMYHUTETA, a IL.-10 — Kak nuro-
KHHA C UMMYHOCYIIPECCOPHOH aKTHUBHOCTBIO, IOZA-
BJISIIOIIETO TPOAYKITUIO MPOBOCHATIUTENBHBIX ITUTO-
KHUHOB U PEryJIUPYIOIIEr0 aKTUBHOCTb BOCHAJIEHUS.
VYBesnueHMe JAHHOTO COOTHOIIEHUSI CBU/IETETBCTBY-
eT 00 akTuBanuu T-KJIETOYHOTO WMMYHUTETA, CHH-
>keHHe — 0 T-KJIeTOUHOH HeZlocTaTouHOCTH [13].

CoryiacHO pe3yJsibTaTaM IPOBEAEHHOTO UCCIIENIO0-
BaHUS, Y 370POBBIX JIeTel U MOJIPOCTKOB COOTHOIIIEe-
uue IFNy/IL-10 paBHsiock 0.80 (0.58—0.98), B TO
BpeMs Kak y JieTedl M HOJPOCTKOB, OOJBHBIX TyOep-
KyJIe30M, KaK JI0, TaK U II0CJIe JIeYeHUsI COOTHOIIIe-
uue IFNy/IL-10 651710 6oJIbIIIe €TUHUITI C TEH/IEHITH-
ell K yBEeJIMUEHHIO [10CJIE TEPATIUU: B OCHOBHOU IPYII-
e 1.15 (0.94-1.37) 10 u 1.17 (1.03—1.40) I0OCJIE Jie-
YeHUs U B TPYIIe CpaBHeHM 1.31 (1.02—2.00) 710 U
1.48 (1.11—3.02) nocse sedenus. Kpome Toro, y mpo-
JIeYeHHBIX JIeTel U MOAPOCTKOB 00X IPYIII OHO CY-
I[ECTBEHHO Pa3JINYyajioch C TPYIIION 3/I0POBBIX JeTel
M TIOJTPOCTKOB (P < 0.001) ¥ B 3aBUCUMOCTH OT CITOCO-
6a seuenus (p = 0.033) (puc. 2), IPU ITOM MEKTPYII-
MOBBIX pazauuni cootHoIeHust IFNy/IL-10 fo jreue-
HUS He 0OHAPYKUBAIOCH (P = 0.093).

3AKIIOYEHUE

Tybepkysie3 BHYTPUTPYAHBIX JHMQaTHUECKIX
V3JIOB y 3a00JIEBIINX JIETEH U IOJPOCTKOB COIPS-
JkeH ¢ aucoanancoM nuTokuHOB Thi- u Th2-tumnos
MMMYHHOTO OTBETa, IPOSBJIIONUMCS 1e(PUIUTOM
IFNy, IL-10 u noBbllIeHHBIM cozepkanuem IL-4 B
CBIBOPOTKe KpoBH. KypcoBoe Bo3zeiicTBHe cBepXx-

ratio differed significantly from the group of healthy
children and adolescents (p < 0.001) and depending
on the method of treatment (p = 0.033) (Fig. 2), while
the intergroup differences in the ratio of IFNy / IL-10
before treatment were not detected (p = 0.093).

CONCLUSION

Tuberculosis of the intrathoracic lymph nodes
in diseased children and adolescents is associated
with an imbalance of Th1 and Th2 cytokines of the
immune response, manifested by the deficiency of
IFNy, IL-10 and elevated IL-4 content in blood se-
rum. The exposure to a superweak modulated infra-
red radiation with a frequency of 125 Hz against the
background of anti-tuberculosis treatment of chil-
dren and adolescents provides an increase in the lev-
el of IFNy by 18.9 %, which indicates a more marked
stimulation of cell-mediated immunity compared to
the comparison group (by 9.6 %). Positive dynam-
ics of the cytokine profile have been revealed in 22
% of cases in children and adolescents who received
physiotherapy, and only in 16 % of cases in the com-
parison group. Significant differences in the ratio of
IFNy / IL-10 are found depending on the method of
treatment (p = 0.033).
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c1abbIM  MOAYJIMPOBAHHBIM HH(MPAKPACHBIM I10-
JieM ¢ yacroto 125 I'iy Ha (oHe TPOTHBOTYOEPKY-
JIE3HOTO JIeUeHUs JieTed W TOJPOCTKOB obecrieuu-
BaeT mnoBbllleHue ypoBHA IFNy Ha 18.9 %, 4TO CBH-
JIETEJILCTBYET O 0OOJiee BBIPAYKEHHOH CTUMYJIAIUH
KJIETOYHO-OIIOCPEIOBAHHOTO UMMYHUTETA IO CPaB-
HEHUIO ¢ Tpynmoi cpaBHeHus (Ha 9.6 %). [Tomoxu-
TeJbHAs IUHAMUKA IUTOKUMHOBOTO NMPOMUIIA BBIAB-
JisieTcsl B 22 % cJIydaeB y JeTed U IOJIPOCTKOB, II0-
Jy4aBlIuX ¢pU3NOJIeueHNe, U JIUIb B 16 % ciydaes
B rpymnme cpaBHeHUs. OOHAPY:KUBAIOTCSA 3HAUMMBIE
pasnuuus cootHorenus IFNy/IL-10 B 3aBucuMOCTH
oT criocoba sieuenus (p = 0.033).

Koudaukt nHTEepecoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(MIMKTA UHTEPECOB.

BaaropapHocTH. ABTOpHI BBIpaXaroT 6Jaro-
JIApHOCTh JIOKTOPY (PU3UKO-MaTeMaTU4YeCKUX HayK
10.H. IToHOMapeBy 3a moJie3Hble 3aMe4YaHus U BHU-
MaHue K pabore.
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