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JKCCYAATUBHBIN U MPOAYKTUBHbBIU THUITHI BOCIIAIUTEIHbHOU
TKAaHEBOU peaKI[uU IPU BIIePBbI€ BHISIBJIEHHOM
MHUIBTPATUBHOM TyOEpKYyJie3e Jerkux 1 (pakTopsl,
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AHHOTAIIMA

BBemeHHue. BycaoBusax cTabUILHOTO CHIDKEHHS 3a0601€BAEMOCTH ¥ CMEPTHOCTHU HACEJIEHUSI OT TyOepKyJse3a ocoboe
3HaUYeHHe MpHOoOpeTaeT HEOOXOAMMOCTh MOBBIIIEHUs 3()GEKTUBHOCTU JIEYEHUsT BIEPBBIE BBISABIEHHBIX OOJIBHBIX, UTO
obecrieynBaeTcs He TOJIBKO PAallOHAJIBHBIM BBIOOPOM CTAHZAPTHHIX PEXKHMMOB IPOTHBOTYOEPKYJIE3HOW XUMHUOTEPAIINH,
HO 1 000CHOBaHHBIM IIPUMEHEHHUEM JIEKaPCTBEHHBIX CPEZCTB-aIbIOBAHTOB.

Il e 1 b . OneHka ocobeHHOCTEN HETO30(POPMHUPYIOIIEH (YHKIUN HEUTPODUIOB y OOJIBHBIX C BIEPBbIE BBISBJIEHHBIM
MHQUIBTPATUBHBIM TyOEpKyJIe30M JIETKUX IPU SKCCYZATHBHOM M INPOJYKTUBHOM THIIAX BOCHAJIUTENBHOH TKaHEBOU
peakIum.

MaTepuanabs W METOJBbl. BpaHAOMU3UPOBAHHOE MPOCIEKTUBHOE UCCIIEZIOBAHNE BKIIOUEHBI 180 OOJIBHBIX
18-59 JIET ¢ BIIEPBbIE BBIBJIEHHBIM HHGWIBTPATUBHBIM TYOEPKYJIE30M JIETKUX, KOTOPBIX Pa3/eJIiId Ha J{Be TPYIIIbL: 1-5
rpymmna — 120 60JIbHBIX, XapaKTEPUCTUKY IATOJIOTHIECKOTO IIPOIECCa Y KOTOPBIX COOTBETCTBOBAIH SKCCYATUBHOMY THILY
BOCIIAJINTETPHON TKAHEBOH peaKIUy; 2-5 IPyIIa — 60 G0JIBHBIX € IPOIECCOM, XapaKTePU3YIOIINMCS IPENMYIIECTBEHHO
IIPOAYKTHUBHBIM THUIIOM BOCIAJIUTEIBHON TKaHeBOM peakuuy. HeTo30hopMUpYIOILIYIO CIOCOOHOCTh HEUTPO(DUIIOB OIleHH-
BaJIK 110 aBTOpPCKO# MeToauke /[.I'. HOBHKOBa ¢ KOJIsIeraMu, B 00pasiiax ChIBOPOTKU IeprudepruecKoi KpOBH ONPEIEIIsIIH
coZiepKaHue IUTPY/UTMHUPOBAHHOTO rucrona Hs.

Pe3ynbTaThl. Y NANUEHTOB C 9KCCYAATUBHBIM TUIIOM BOCIIAJIUTETHHON TKAHEBOH PEAKIIMK OTMeueHo O6osiee Mac-
cUBHOe OakTepHoBbIiesieHre (Ha 34,8 % BBIIIE), POCT KyJIBTYPHI ITaTOreHa — MHKOOAKTepHu TyOepKysesa ObL1 6osee
ObICTPBIM (MeHee 30 /IHel) U 60Jiee MAaCCUBHBIM (+++), UeM IIPU IPOAYKTUBHOM TKaHEBOU peakiuu. CiocOGHOCTb JIEHKO-
IUTOB Nepudepuyeckoil KpPoBHU K GOPMUPOBAHUIO 00IAKOBUAHBIX HEUTPOPUIBHBIX BHEKIETOUHBIX jioBylIeKk (HBJI) mpu
SKCCY/IATUBHOM THIIE BOCIIAJIUTEIFHOM TKAaHEBOU peakiiy ObIa B 8,5 pa3 BhIIlle, YeM IIPU POAYKTUBHOM THIIE; HUTEBU/I-
uble HBJI dopmupoBauch Ha 10 % Yaliie, YTO COIPOBOKIATIOCH BBICOKUM CO/IEPKAaHUEM [UTPYJUIMHUPOBAHHOTO TUCTOHA
H3 B CHIBOPOTKE KPOBU IAIIIEHTOB.

3akKkJT04YeHUe. BpiBieHHbIe 0COOEHHOCTH HETO30OPMUPOBAHUS IPH HKCCYATUBHOM THIIE BOCHAIUTEIBHON
TKaHEBOU PEaKINU UMEIOT CYLeCTBEHHOe 3HaUeHUe U MOTYT CJIY>KUTb JTONOJIHUTEIbHBIM JUATHOCTUUECKUM KPUTEPHEM
AKTUBHOCTHU BOCIIaJIeHUs IIPHU TyOepKyJsie3e JIeTKUX, UTO cJIeZlyeT YUUThIBATh IIPU CO3aHUY MO/ieslell IPOTHO3a — BapHaH-
TOB (61aTOIPUATHOTO, HEGIATOMIPUATHOTO) TEUEHHs TyOepKyJie3a JIETKUX U 0O0CHOBAaHUU TOKA3aHUH K IMPOBEIEHUIO U
BBIOOPY CXeM a/TbIOBAHTHOH TEPAIIHH.

Kaouessle cnroea: nHQWIHTPATUBHBIN TyOEPKYyIe3 JIETKIX, HEUTPOQUIbHbIE BHEKJIETOUHbIE JIOBYIIIKY, IIUTPYJLINHU-
poBaHHbBIN ructoH H3.
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Exudative and productive types of inflammatory tissue response
in newly diagnosed infiltrative pulmonary tuberculosis
and factors determining them

A.V. Mordyk?, O.G. Ivanova!, K.Yu. Samsonov’, A.N. Zolotov!, D.G. Novikov', A.R. Aroyan?

Omsk State Medical University, Omsk, Russia

2Regional Clinical Tuberculosis Dispensary, Omsk, Russia

ABSTRACT

Introduction. Inthecontextof asteady decline in the tuberculosis morbidity and mortality, the need to improve
the effectiveness of treatment of newly diagnosed patients is of particular importance, which is ensured not only by a ratio-
nal choice of standard anti-tuberculosis chemotherapy regimens, but also by the appropriate use of pharmaceutical adju-
vants.

Aim . Evaluation of the features of NET-forming (NETs — neutrophil extracellular traps) function of neutrophils in
patients with newly diagnosed infiltrative pulmonary tuberculosis in exudative and productive types of inflammatory tissue
response.

Materials and methods. Therandomized prospective study included 180 patients aged 18—59 years with
newly diagnosed infiltrative pulmonary tuberculosis divided into two groups: group 1 — 120 patients whose pathological
process characteristics corresponded to the exudative type of inflammatory tissue response; group 2 — 60 patients with a
process characterized predominantly by the productive type of inflammatory tissue response. The NET-forming ability of
neutrophils was evaluated according to the author’s method of D.G. Novikov and colleagues, therefore, the content of
citrullinated histone H3 was determined in peripheral blood serum samples.

Results. Patients with the exudative type of inflammatory tissue response had more active bacterial shedding (34.8%
higher), the growth of Mycobacterium tuberculosis culture was faster (less than 30 days) and more massive (+++) than in
productive tissue reaction. The ability of peripheral blood leukocytes to form cloud-like NETs in the exudative type of
inflammatory tissue response was 8.5 times higher than in the productive type; thread-like NETs formed 10% more often,
which was accompanied by a high content of citrullinated histone H3 in the blood serum of patients.

Conclusion. The revealed peculiarities of NET-formation in the exudative type of inflammatory tissue response
are essential, and can serve as an additional diagnostic criterion of activity and severity of inflammation in pulmonary
tuberculosis, which should be considered when developing prognosis models — variants (favorable, unfavorable) of the
course of pulmonary tuberculosis and substantiation of indications for adjuvant therapy and choice of its regimen(s).
Keywords: infiltrative pulmonary tuberculosis, neutrophil extracellular traps, citrullinated histone H3.

Citation example: Mordyk A.V., Ivanova O.G., Samsonov K.Yu., Zolotov A.N., Novikov D.G., Aroyan A.R. Exu-
dative and productive types of inflammatory tissue response in newly diagnosed infiltrative pulmonary tuberculosis and
factors determining them. Journal of Siberian Medical Sciences. 2025;9(1):7-17. DOI: 10.31549/2542-1174-2025-9-1-
7-17

BBEJAEHHNE

B yCc/I0BHUAX COBPEMEHHOM SITUIEMUUECKOU CUTY-
anuy 10 TyOepKyJie3y, XapaKTepU3yrollekncsa cra-
OWJIBHBIM CHIKEHUEM 3a00JIEBa€MOCTH M CMEPTHO-
CTH HaceJeHUs, ocoboe 3HaueHUe MpuobpeTaer
HEOOXOIMMOCTh MOBbINIeHHUs 3P (PEKTUBHOCTH JIede-
HUS BIIEPBBIE BBISIBJIEHHBIX 00JIbHBIX [1]. [TociieiHee
obecrieurBaeTcsi He TOJIBKO PaIMOHAJIbHBIM BHIOO-
POM CTaHJIAPTHBIX PEKUMOB MPOTUBOTYOEpKYyJIe3-
HOU XMMHUOTEPAIMN HA OCHOBE PEe3yJIbTATOB TECTOB
Ha JIEKapCTBEHHYI0 UYBCTBUTEJIBHOCTb BO30YaH-
TeJIsl, HO U IPHMeHEeHHEM JIEKaPCTBEHHBIX CPE/ICTB-
aTPIOBAaHTOB, Ha3HAUEHHWE KOTOPHIX MOKET OBITh
[IEPCOHAIM3UPOBAHHBIM C yYE€TOM OCOOEHHOCTEH

INTRODUCTION

In the current epidemic situation of tuberculosis,
characterized by a steady decrease in morbidity and
mortality, the need to improve the effectiveness of
treatment of newly diagnosed patients is of particu-
lar importance [1]. The latter is ensured not only by
rational choice of standard regimens of anti-tubercu-
losis chemotherapy based on the results of tests for
drug susceptibility of the pathogen, but also by the
use of pharmaceutical adjuvants, prescribing of
which can be personalized in dependence to the
peculiarities of inflammatory tissue responses inher-
ent in the nature of tuberculosis process of a particu-
lar patient. These features are determined by a num-
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BOCITAJINTEILHBIX TKAHEBBIX PEAKIINN, CBOWCTBEH-
HBIX XapaKTepy TyOepKyJIe3HOTO MpoIiecca KOHKPET-
HOTO TamueHTa. OTH OCOOEHHOCTH OIPEEIISIOTCS
pAnoM (pakTOpoOB — CTENEHBIO HAPYIIEHUS KJIETOY-
HOTO U T'YMOP&JIbHOTO UMMYHUTETA, TOJIUMOPPU3-
MOM T€HOB IIPO- U IPOTUBOBOCIAIUTETBHBIX IIUTO-
KHWHOB B QYHKITUA HEUTPODUIBHBIX TPAHYJIOIUTOB,
KaK OJTHOH U3 HarboJiee OOIITUPHBIX TPYIII KMMYHO-
KOMIIETEHTHBIX KJIETOK, CTOSIIINX «HA IIEPBON JIMHUH
3alIUThIl OpraHW3Ma OT IATOTEHOB Pa3JINYHOTO
xapakrepa» [2].

OCHOBHBIMU 3aITUTHBIMU QYHKIIUAMU HEUTPO-
¢unoB sABIAOTCA (PAronuTo3, AETPaHyIANUA U
Hero3 [3]. Herosom (anrs. NETosis) Ha3bIBaroT
¢dopmMy mporpaMMHUpyeMON KJIETOUHOH THbOesH,
COIIPOBOKJIaeMYI0 JIeKOHZIeHcalel XpOMAaTHHa,
dbparmenTarueii u Aesarperamnuieil sIepHBIX MeM-
OpaH, cMeNINBaHUEM SIAEPHBIX CTPYKTYP C IIHTO-
IUTa3MOU U BBICBOOOK/IEHUEM X BMECTE C COJIEPIKH-
MBIM TPaHyJI BO BHEKJIETOYHOE MIPOCTPAHCTBO IIPHU
HapyUIEHUHN [EJIOCTHOCTH ITUTOILIA3MATUUIECKOH
memOpaHbl [4]. Ilybyiumkanuu, oTpaskalollue O0CO-
6eHHOCTH HETO30(OPMUPYIOIIEH (DYHKIUU JEHKO-
[IUTOB B 3aBUCHMOCTH OT THUIIA BOCIIAJINTEIPHON TKa-
HEBOU peakInu MpH TYOEPKYJIe3e, OTCYTCTBYIOT KaK
B OTE€UECTBEHHOM, TaK U B 3apyOEIKHOM JIUTEPATYPE.

IKCCYATUBHBIN THUIT BOCHAJINTEIHHON TKAHEBOU
peakiuu pu TyOepKyJie3e XapaKTepU3yeTcs BbIpa-
JKEHHBIM auCcOajlaHCOM B CHUCTEME KJIETOUYHOTO U
TYMOPJIPHOTO UMMYHHUTETA, CHIDKEHUEM KOJIUde-
ctBa CD4+, CD8+ numdonurToB, unaexkca CD4+/
CD8+, mnoBBIIIEHUEM COZEPIKAHUA MPOBOCHAIIU-
TeJIbHBIX IUTOKWMHOB W MEAHATOPOB BOCIIAJIEHMUS,
CHIDKEHUEM ypoBHsA MHTepdepoHa-ramma (MDPH-y)
[5]. JIsist IpOAYKTUBHOM BOCIATUTEIPHON TKAHEBOM
peakIuu CBOHCTBEHHB MUHUMAJIbHbIE N3MEHEHUS B
CUCTeMe KJIETOYHOTO U T'YMOPQJIBHOTO UMMYHUTETA,
OTCYTCTBHE BBIPA’KEHHOTO CHUKEHUsI/TIOBBIIIIEHNUS
copepxaunus WI-1p, NI-2, UJI-6, NJI-12, ®HO-q,
A®H-y [5].

IEJIb NCCJIEJOBAHUA

Onenka ocobeHHOCTEN HeT030(POpPMHUPYIOIIEH
pyHKIMKE HEUTPOPUIOB y OOJIBHBIX C BIIEPBBIE
BBIIBJIEHHBIM HHQWIBTPATHUBHBIM TyOEpKyJIe30M
JIETKUX C DKCCYATUBHBIM U IPOAYKTUBHBIM THIIAMU
BOCIIQJIUTETPHON TKAHEBOH pPeaKIUU KaK BO3MOXK-
HBIX IPEIUKTOPOB HEOJIATONPUATHOIO TEYEeHH
TyOepKyJie3a OPraHOB JbIXaHUS U OIpPeJeJIeHUs
IMOKa3aHUH K IPOBEJIEHUIO abIOBAHTHOW TEPATIHH.

MATEPUAJIBI 1 METO/bI

PaHILOMI/ISI/IpOBaHHoe IIPOCIIEKTHUBHOE HCCIEO0-
BaHHE€ BBIIIOJIHEHO B pPaMKaX HaAy4YHO-HCCJIeIOBa-

ber of factors — the degree of impairment of cellular
and humoral immunity, polymorphism of genes of
pro- and anti-inflammatory cytokines and functions
of neutrophil granulocytes as one of the most exten-
sive groups of immunocompetent cells which are
integrated into the first line of defense of the body
against pathogens of different types [2].

The main protective functions of neutrophils are
phagocytosis, degranulation, and NETosis (NETs —
neutrophil extracellular traps) [3]. NETosis is a form
of programmed cell death accompanied by decon-
densation of chromatin, fragmentation and disag-
gregation of nuclear membranes, mixing of nuclear
structures with the cytoplasm and their release along
with the contents of granules into the extracellular
space when the the cytoplasmic membrane is com-
promised [4]. There are no publications about the
peculiarities of the NET-forming function of leuko-
cytes depending on the type of inflammatory tissue
response in tuberculosis in both domestic and for-
eign literature.

The exudative type of inflammatory tissue
response in tuberculosis is characterized by a pro-
nounced imbalance in the system of cellular and
humoral immunity, a decrease in the number of
CD4+, CD8+ lymphocytes, the CD4+/CD8+ ratio, an
increase in the content of proinflammatory cytokines
and inflammatory mediators, a decrease in the level
of interferon-gamma (IFN-y) [5]. The inflammatory
reaction of productive type is characterized by mini-
mal changes in the system of cellular and humoral
immunity, the absence of a pronounced decrease/
increase in the content of IL-1B, IL-2, IL-6, IL-12,
TNF-q, IFN-y [5].

AIM OF THE RESEARCH

Evaluation of the features of the neutrophil NET-
forming function in patients with newly diagnosed
infiltrative pulmonary tuberculosis with exudative
and productive types of inflammatory tissue response
as possible predictors of the unfavorable course of
pulmonary tuberculosis and determination of indi-
cations for adjuvant therapy.

MATERIALS AND METHODS

The randomized prospective study was performed
as part of the research work “Technologies for
patient-oriented management of various age groups
of children and adults with latent tuberculosis infec-
tion, drug-sensitive and drug-resistant tuberculosis
with various comorbidity indices based on an
advanced assessment of the functional characte-
ristics of neutrophil leukocytes and the selection
of adjuvants for chemotherapy”, No. GR
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TeJIbCKOHN paboThl « TeXHOIOTHH MAITIEHTOOPUEHTH -
POBaHHOTO BeJleHUs OOJIPHBIX PA3JIMIHBIX BO3PACT-
HBIX TPYIIII JIeTEH 1 B3POCJIBIX C JIATEHTHOH TyOepKy-
JIe3HON uHeKIuel, JeKapCTBEHHO YyBCTBUTEIIb-
HBIM U JIEKAPCTBEHHO YCTOHYUBBIM TYOEPKYJIE30M
C PpasJMYHBIM HWHIEKCOM KOMOPOUHOCTH Ha
OCHOBe YIJIyOJIEHHOH OIIEHKH (QYHKIIMOHATHHBIX
XapaKTEPUCTUK HEUTPODUIBHBIX JIEHKOIIUTOB U
moybopa  aIbIOBAHTOB XMMHOTepanuu», NO TP
124021500060-1 OT 15.02.2024 , o ['ocymapcTBeH-
HOMY 3aiaHmnto Munspasa Poccuu N2 056-00066-
24-00 ot 28.12.2023 (CoraiieHue oT 24.01.2024) u
0I00pEHO  JIOKAJBHBIM JTHYECKUM KOMUTETOM
OMCKOTO TOCY/IapCTBEHHOTO MEIUIIMHCKOTO YHHU-
BepcureTa (mpoTokosn N9 16 ot 28.12.2023).

B uccinemoBanuu npunsaimu yuactue 180 60J1b-
HBIX C BIIEPBBIE BBIABJIEHHBIM WHQUIBTPATHBHBIM
TyOEepKyJIe30M JIETKUX B COOTBETCTBUU C KPUTEPHU-
SIMHM BKJIIOUEHUS: BIEPBbIE BBISBJIEHHBIA TyOEpKY-
Jie3 OPraHoB JBIXaHUs, BO3pACT 18—59 JIET, HATUUNe
“HGOPMHUPOBAHHOTO COTJIACUs MallieHTa Ha ydJa-
CTHE B UCCJIEZIOBAHUU, OTCYTCTBUE COILYTCTBYIOIIHX
nHDEeKIMOHHBIX 3ab6oseBanut  (BUY-undexus,
BUPYCHBIE TEMATUTHI U Jp.). Kputepusamu uckioye-
HUS SIBJISIJIUCH: TYOEPKYJIe3 JIETKUX, 3apPEeTruCTpUpO-
BaHHBIA O0JIee OTHOTO ro/ia Has3ajl, BO3PACT MOJIOKE
18 u crapiie 59 JIeT, OTCyTCTBHe MH(POPMHUPOBAH-
HOTO COTJIACHS MMAITNEHTA, OTKA3 OT YUaCTHUs B HCCIIe-
JloBaHuu, Haiauune BUY-uHdeknuu, BUPYCHBIX
renaTUToB. [lanueHThl OBLIM PAaHIOMU3UPOBAHBI B
JIBe TPYIIBI IO Pe3yJIbTaTaM CTaHZAAPTHOTO KOM-
IUIEKCHOTO (KJIMHUYECKOTO, JJaOOPaTOPHOTO, PEHT-
TeHOJIOTUUECKOro) obciiefjoBaHus. B 1-10 rpymnmy
OBUTH BKJIFOUEHBI 120 0oJibHBIX (98 (81,7 %) Myk-
guH, 22 (18,3 %) JKEHIIWHBI; CPEJIHUU BO3pACT
44,2 £ 12,7 TO/ia), KIMHUKO-Ia00paTOPHBIE XapaKTe-
PHUCTHUKN KOTOPBIX COOTBETCTBOBAIH SKCCYAATHB-
HOMY TUITy BOCIIQJIUTEJIPHON TKAHEBOU pPeaKI[UH
(pacmpocTpaHeHHBIH MPOIIECC ¢ TOPaKEHUEM, 3aHU-
MaromuM 0oJiee 2 CETMEHTOB JIETKOTO, IeCTPYKIIHEH
JIETOYHOH TKaHU (y 100% OGOJIbHBIX, BKIIOUYEHHBIX B
HCCJIeTOBaHKE), MACCUBHBIM OAKTEPHUOBBI/IEIEHIEM
U BBIDQKEHHBIMH WU3MEHEHUSMH KJIMHUYECKOTO U
OMOXMMUYECKOTO aHAJIN3a KPOBU BOCHAJIUTEIBHOTO
xapakrepa). Bo 2-10 rpynimy Bowiu 60 60JIbHBIX (42
(70 %) myxuunbl, 18 (30 %) xkeHuuH (X* = 3,150;
p = 0,076); CpemHUU BO3pacT 45,3 + 11,9 roaa
(t = —0,055; p = 0,956), y KOTOPBIX PEHTTEHO-
J1abopaTopHble MPOSIBJIEHUS TyOepKyse3a I03BO-
JISITIA TIPEATIOJIOKUTh HATIHMYHE IPOAYKTUBHOU BOC-
MaJINTEIPHON TKAHEBOH peaknuu (OrpaHHYeHHBIN
mporiecc, He 6oJiee 1-2 CErMEHTOB JIETKOTO, OTCYT-
CTBUE JIECTPYKIIUU JIETOYHON TKAaHU, MAaCCHBHOTO
OaKTEePUOBBIIEJIEHNS, YMEPEeHHble WIN He3HaUH-

124021500060-1 dated 15.02.2024, according to the
State Assignment of the Ministry of Health of the
Russian Federation No. 056-00066-24-00 dated
28.12.2023 (Agreement dated 24.01.2024) and
approved by the local Ethics Committee of Omsk
State Medical University (Protocol No. 16 dated
28.12.2023).

The study included 180 patients with newly diag-
nosed infiltrative pulmonary tuberculosis according
to the inclusion criteria: newly diagnosed pulmonary
tuberculosis, age 18—59 years, informed consent of
the patient to participate in the study, absence of
concomitant infectious diseases (HIV infection, viral
hepatitis, etc.). Exclusion criteria were: pulmonary
tuberculosis diagnosed more than one year ago, age
younger than 18 and older than 59 years, lack of
informed consent of the patient, refusal to partici-
pate in the study, HIV infection, viral hepatitis.
Patients were randomized into two groups according
to the results of standard comprehensive (clinical,
laboratory, radiological) examination. Group 1
included 120 patients (98 (81,7%) men, 22 (18,3%)
women; mean age 44,2 + 12,7 years) whose clinical
and laboratory characteristics corresponded to the
exudative type of inflammatory tissue response
(extensive pathological process with lesions in >2
lung segments, destruction of lung tissue (in 100% of
patients included in the study), active bacterial shed-
ding and marked inflammatory changes in complete
blood count and blood biochemistry). Group 2
included 60 patients (42 (70%) men, 18 (30%)
women (¥ = 3,150; p = 0,076); mean age 45,3 + 11,9
years (t = —0,055; p = 0,956) whose radiological
manifestations and laboratory findings of tuberculo-
sis suggested the presence of the productive type of
inflammatory tissue response (limited pathological
process, lesions not more than 1—2 lung segments,
absence of lung tissue destruction and active bacte-
rial shedding, moderate or insignificant inflamma-
tory changes in complete blood count and blood bio-
chemistry). The control group consisted of 30 healthy
volunteers (20 (70%) men, 10 (30%) women; mean
age 44,7 + 3,2 years).

The NET-forming function of neutrophils was
evaluated according to the method of D.G. Novikov
et al. (2021) [6]. An isolated sample of the neutrophil
fraction, with a concentration of 5000 cells/pl, that
was obtained from a sample of heparinized venous
blood no later than 30 min after sampling, was exam-
ined. A mixture of Lactobacillus (L.) reuteri, L. aci-
dophilus, L. rhamnosus and Bifidobacterium lon-
gum was used as a promoter of NETosis. The sample
of the neutrophil fraction was mixed at 37,0°C for
30 min with a culture of lactobacilli and bifidobacte-
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TeJIbHbIE BOCIIAJINTEJIbHbIE U3MEHEHHUs B KINHUYE-
CKOM W OHMOXMMHYECKOM aHayim3axX Kposu). Kon-
TPOJIBHYIO TPYIIITY COCTAaBUJIU 30 3/IOPOBBIX BOJIOH-
TepoB (20 (70 %) My»KuuH, 10 (30 %) *KEeHIIUH; CPEe/I-
HUH BO3PAcCT 44,7 + 3,2 rojia).

Heto3zodopmupyromyo GyHKIUIO HEUTpodu-
JoB omneHuBanu mo Mmeroauke /I.I. HoBukosa c
coaBT. (2021) [6]. HccemoBanu U30JIUPOBAHHBIA
obpaser; Gpakiuu HEUTPODUIOB, KOHIIEHTPAIIUS
KOTOPBIX COCTABJIsIA 5000 KIETOK/MKJI, IOJTydeH-
HBIA W3 TPOOBI TelMapUHU3UPOBAHHOU BEHO3HOU
KpPOBU He IMO37Hee 30 MHH C MOMEHTA B3sATHUSI
obpasna. B kauecTBe CTUMYIATOPA HETO3a HCIOJIb-
3oBasin cMmech Lactobacillus (L.) reuteri, L. aci-
dophilus, L. rhamnosus u Bifidobacterium longum.
Ob6pazern dpakuu HEUTPODUIOB CMENTUBAIIH IIPHU
Temmeparype 37,0 °C B TeueHHe 30 MUH C KyJIbTYy-
poii sakTo- u 6udumobaKTEPUA B COOTHOIIEHUHU
10:1. JI1s1 KOHTPOJISI 10 OOBEMHBIX €UHHUI] HeM-
TpoUIOB MHKYOUPOBAIN NIPU TeX K€ TeMIlepa-
TYPHBIX YCJIOBHUSX B T€UEHHE 30 MUH C 1 00beMOM
0,9% pactBopa xjopusa Hatpusa. [locie nHKyOa-
nuu o6pasibl Ppakmuil HEUTPOPUIOB OKpaIlu-
Basu pactBopoM JIHK-umHTepkasupymomero kpa-
CUTEeJIsI MO/ IPOTU/IUS Tocyie 00paboTKu mpe-
METHOTO CTEKJIAa MOHOKJIOHAJIBHBIMU QHTUTEJIaMU
k CD15+, meuenusiMu FITC. [Ipu groMuHecCHEHT-
HOU MUKDPOCKOIIMU B Ipelapare «pasfaBiaeHHAsS
Karwisi» IIOJ[CYNTHIBAJIM IPOIEHTHOE COOTHOIIIE-
HHUE pa3HBIX CTAAVU aKTHUBAIMU HEUTPODUIHHBIX
KJIETOK U Pa3Hble TUIIBI HEUTPODUIHHBIX BHEKIIE-
TouHBIX JIoByIIeK (HBJI), a Tak:ke MHTAKTHBIX HEH-
Tpo(UIJIOB, HE YUACTBYIOIUX B Ipoiecce GopMu-
posanusa HBJL.

B mpenapare ueHTUGUITTPOBAIIH:

1) UHTAKTHBIE HEUTPOUIIBI (KJIETKU C IPOKpa-
[IEHHOU ITUTOJIEMMOU 0e3 MMPOKpPAIIeHHOTO s/1pa);

2) TUIOAKTHBUPOBAHHBIE HEUTPODUIBI (I[UTO-
JleMMa IIpoKpallleHa, sipo ¢jabo MpoKpaIleHo);

3) aKTUBUPOBAaHHbIE HEUTPOPUIIBI (IIUTOTIEMMA
IIPOKpAIIEeHa, AP0 OOBIYHBIX Pa3MepPOB U (DOPMBI);

4) TUIEPaKTUBUPOBAHHbIE HEUTPODUIIBI (IUTO-
JleMMa MPOKpAIeHa, sIPO YBEeJIUUEHO B pa3Mepax,
KacaeTcs IIUTOJIEMMBL);

5) KJIETKH PAaHHEro HeTo3a — TUIIEPAKTHBUPO-
BaHHBIE, C HAYAJIBHBIMH IIPHU3HAKAMH HETO3a —
[IOBEPXHOCTHBIE CTPYKTYPHI SIPKO-3€JIEHOTO IIBETA U
YBeJIMYEHHbIE B pa3Mepe, KpaCHO-OPaHKeBOE sAIPO C
BU/IIMBIM BBIXOZIOM fI/IEPHOTO BEIeCTBA XOTSA OBI B
OJTHOU JIOKAIlUM, HO HEe OKPYKAIIIUM KJIETKY CO
BCEX CTOPOH;

6) obmaxoBuguble HBJI (HecTpyKTypHupOBaHHAS
JTHK pacrionaraercss BOKpYr HedTpodwmia B BHUE
o0s1aka);

ria in a ratio of 10:1. For control, 10 volume units of
neutrophils were incubated under the same temper-
ature conditions for 30 min with 1 volume of 0,9%
sodium chloride solution. After incubation, samples
of neutrophil fractions were stained with a solution
of DNA intercalating dye propidium iodide after the
glass slide treatment with FITC-labeled monoclonal
antibodies to CD15+. During luminescent micros-
copy the percentage of different stages of neutrophil
cell activation and different types of NETs, as well as
intact neutrophils not involved in the NET-forma-
tion, was calculated in the microscopic slide speci-
men.

In the preparation were identified:

1) intact neutrophils (cells with stained cyto-
lemma without stained nucleus);

2) hypoactivated neutrophils (stained cytolemma,
weakly stained nucleus);

3) activated neutrophils (stained cytolemma, the
nucleus of normal size and shape);

4) hyperactivated neutrophils (stained cyto-
lemma, enlarged nucleus, touches the cytolemma);

5) cells of early NETosis, hyperactivated, with ini-
tial signs of NET-formation — the surface structures
are bright green in color and enlarged, the red-
orange nucleus with a visible release of nuclear mat-
ter in at least one location, but not surrounding the
cell from all sides;

6) cloud-like NETs (unstructured DNA is located
around the neutrophil in the form of a cloud);

7) thread-like NETs (thread-like-reticulated
structure, in several times the size of the involved
neutrophil).

The NET capture coefficient was determined
using the ratio of the total number of trapped bacte-
ria that are a part of the NETosis promoter (probiotic
cultures) to the total number of NETs (both cloud-
like and thread-like) found in the preparation stud-
ied [6, 7].

The content of citrullinated histone H3 was deter-
mined in peripheral blood serum samples in accor-
dance with the instructions of the manufacturer of
the Citrullinated Histone H3 (Clone 11D3) ELISA Kit
(Cayman Chemical Company, USA).

Statistical processing of the study results was car-
ried out using STATISTICA 12.0. Variables of
descriptive statistics (M, m, 0, 95% confidence inter-
val, Me, st%’ Q75%) were calculated. The comparison
of the values of quantitative variables was preceded
by an assessment of the distribution of the trait using
the Shapiro-Wilk test. With non-normal distribu-
tion, the values of the quantitative variables are rep-
resented as Me and interquartile intervals (Q,,;
Q75%) ; with a normal distribution, as M + m. The dif-
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7) auteBuguble HBJI (HuTYaTO-CcETUATAS] CTPYK-
Typa, B HECKOJIBKO pa3 O0JIblIle pa3Mepa BOBJIEUEH-
HOTO HeHTpodmIa).

Onpenensnu koadduiuent 3axBata HBJI 1o
OTHOIIEHUIO O0IIero uncaa GUKCUPOBAHHBIX B
JIOBYIIIKe OaKTEPHUii, BXOAIINX B COCTAB CTHUMYJIs-
Topa HeTo3a (KyJIbTYPhl MPOOUOTHUKOB), K CyMMap-
HOMy KostmyecTBY HBJI (kak 00JIaKOBU/THBIX, TaK U
HUTEBUIHBIX), OOHAPYKEHHBIX B HCCIEIOBAHHOM
npemnapare [6, 7].

CozepkaHue ITUTPY/UIMHUPOBAHHOIO THCTOHA
H3 ompezensiiiu B mpobax CHIBOPOTKY nepudepuye-
CKOUM KPOBH B COOTBETCTBUU C HHCTPYKITUEHN ITPOMU3-
Bogurens tecr-cucreMbl Citrullinated Histone H3
(Clone 11D3) ELISA Kit (Cayman Chemical Company,
CIIA).

CraTuctuueckyio o6paboTKy pe3yJIbTaToB HCCIIe-
JIOBaHUSA IIPOBOJIMJIY C IIOMOIIBIO ITAKETa IIPOrpaMm
STATISTICA 12.0. PaccunThiBasiu IOKa3aTesan OMH-
catesbHOU cTaTuctuku (M, m, 0, 95% JIOBepUTETH-
HBIH MHTepBas, Me, st%’ Q75%). CpaBHeHUIO Besu-
YUH KOJUYECTBEHHBIX IT€PEMEHHBIX IIPEJIIIECTBO-
BaJIa OIlEHKAa XapakTepa paclpezieieHus Ipu3Haka
1o pesysnbrataMm Tecra lllanupo — Yunka. IIpu pac-
IpeJieJIeHNH, OTJIMYHOM OT HOPMAaJbHOIO, BeJIU-
YUHBl KOJMYECTBEHHBIX I1€PEMEHHBIX IIPE/ICTaB-
JieHbl B BUzie Me 1 MHTEPKBAPTUIbHBIX HHTEPBAJIOB
Q. Q,5); IPU HOPMAJIBHOM PACIpe/e/IeHUN — B
Busie M + m. Paznuumsa KOJIM4eCTBEeHHBIX IlepeMeH-
HBIX B JIBYX HE3aBUCHUMBIX T'PYIIIAX OMPEEIIN C
IIOMOIIbI0 HelapHoro t-kputepus CTbIOJIEHTA,
U-kpurtepust MaHHa — YUTHH, B TpeX rpynmnax (1-u,
2-11 ¥ KOHTPOJIBHOH) — KpuTepus Kpyckana — Yoi-
smmca. Pasmuuuns BeJIMUMH KauyeCTBEHHBIX ITepeMeH-
HBIX OIpENeIsAIN ¢ MOMOIIbI0 Kputepus x> Ilup-
COHA, MPH N < 5 UCHOJB30BAJIM TOYHBIA TECT
®umiepa. KoppeaAauoHHBIN aHaIN3 BKJIIOYAJl pac-
yer k03¢ dUIIMeHTa paHTOBOU Koppessinuu Crup-
MeHa (Rs). Paziuuus cuuTaau TOCTOBEPHBIMU IIPHU

p < 0,05.

PE3YJIBTATDBI 1 OBCYKAEHUWUE

Muxkobakrepuu Tybepkysnesa (MBT) B maske
MOKPOTBHI, BBISIBJIIEMbIE METOOM JIIOMUHECIIEHTHOM
MHKPOCKOITHH, Ha 64,1 % (p = 0,0001) YaIle BbIAB-
JISIJIACh y TIAMEHTOB 1-U Tpymmbl (Tabs. 1), Kak u
MacCUBHOe OaKTEPUOBBIJIeJIEHNE ¢ OOHAPYKEHHEM
6oJ1ee 10 KHCIIOTOYCOUUNBBIX MUKoOakTepui (KYM)
B OJTHOM T10J1€ 3peHusi (p = 0,00001).

AHanu3 CpPOKOB IOSIBJIGHHUS IPU3HAKOB POCTa
xostouuit MBT Ha cpejie JleBeHmuTeiina — MeHncena u
€ro MHTEHCUBHOCTH IIPe/ICTaBieH B TabJ1. 2. Yacrora
BBIABJIEHUA pocTa KyabTypbl MBT, BeiiesieHHOHU y
MAleHTOB B TPyHIaX CpPaBHEHUs B CPOKHU

ferences in the values of quantitative variables in two
independent groups were determined using the
unpaired Student’s t-test, the Mann-Whitney U-test,
and the Kruskal-Wallis test in three groups (1, 2, and
control). The differences in the values of qualitative
variables were determined using Pearson’s ¥ test; if
n < 5, Fisher’s exact test was used. The correlation
analysis included the calculation of Spearman’s rank
correlation coefficient (Rs). The differences were
considered significant at p < 0,05.

RESULTS AND DISCUSSION

Mycobacterium tuberculosis (MBT) in sputum
smear detected by luminescent microscopy was
64,1% (p = 0,0001) more likely to be found in patients
of group 1 (Table 1), as well as active bacterial shed-
ding with the detection of more than 10 acid-fast
mycobacteria (AFM) in one field of view
(p = 0,00001).

The analysis of the timing of the appearance of
signs of MBT colony growth on Lowenstein-Jensen
medium and its intensity is presented in Table 2.
The frequency of detection of MBT culture growth
isolated from patients in the studied groups for
31-60 days was similar (26,7% in groups 1 and 2,
p = 1,000). Strains showing culture growth in the
period of less than 30 days from the moment of
plating on the media were 24,2% more often
observed in patients of group1 (p = 0,0008). Mas-
sive growth (over 100 CFU) was recorded 28,1%
more often in group1 (p = 0,0001). MBT culture
growth earlier than 30 days after plating and CFU
>100 was more than 3 times common in group 1,
but the differences were not statistically significant
(p = 0,668).

The ability of isolated neutrophil fractions
obtained from patients of the compared groups to
form NETs is shown in Table 3. As seen from the
table, the noted ability of neutrophils to form NETs
in patients of groups 1 and 2 had significant differ-
ences. Neutrophils of patients in group 1 were statis-
tically significantly more likely (by 27,8%) than in
group 2 to form cloud-like NETs (p = 0,025); in addi-
tion, the proportion of early NETosis cells in the
preparations of patients in group 1 after the action of
the probiotic promoter was statistically significantly
lower (by 7,3%, p = 0,013), as well as the proportion
of activated neutrophils (by 10,2%; p = 0,002). There
was a tendency to a decrease in the proportion of
thread-like NETs in group 2 compared to group 1:
the median proportion of the thread-like NETs in
group 2 was 10% less than in group 1(p = 0,015).

Statistically significant (p = 0,005, Mann-Whit-
ney U-test) increase in the content of citrullinated
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Ta6smmua 1. BakTeproBbl/ie/IeHHE U er0 MaCCUBHOCTD 110 pe3yJibTaTaM aHa/Ii3a MOKPOTBI METO/[OM JIIOMHUHECLIEHTHON
MUKPOCKOIIUY Ha MOMEHT MO TBEPKEHUS AUarHo3a Tybepkysiesa, abe. (%)
Table 1. Bacterial shedding and its activity according to the results of sputum smear microscopy at the time of confirming the

tuberculosis diagnosis, abs. (%)

1-a rpynna 2-4 rpynmna
g}:;:{“ax Group 1 Group 2 x* )
n=120 n=60
BakTepuoBbl/ieJieHle HAa MOMEHT MO/ TBEPXK/eHus fuarHo3a 88 (73,3) 11(9,2) 48,89 0,0001
Bacterial shedding at the time of the diagnosis confirmation
MaccuBHOCTb GaKTePHUOBBI/IeI€HUSA:
Activity of bacterial shedding:
10-99 KYM B 100 1/3 (+) | 10-99 AFM in 100 f/v (+) 21(17,5) 5(8,3) 2,72 0,099
1-10 KYM B 1 11/3 (++) | 1-10 AFM in 1 f/v (++) 21 (17,5) 4(6,7) 3,07 0,003
Gosiee 10 KYM B 1 11/3 (+++) | more 10 AFM in 1 f/v (+++) 46 (38,3) 2 (3,3)* 23,30 0,00001

IpuMedaHnuda:
* TouHbl# TecT Puiepa.

N o t e : AFM - acid-fast mycobacteria; f/v - field of view.
* Fisher’s exact test.

31—60 aHell, Obl1a OAMHAKOBOU (26,7 % B 1-i U 2-H
rpymnnax, p = 1,000). IllTaMmmel, afomiye pocT KysIb-
TYpBI B UHTepBaJle MeHee 30 JHel ¢ MOMeHTa IIoceBa
Ha Cpezy, Ha 24,2 % Jaiie HaOII0AaIN Y al[ueHTOB
1-¥ rpymnmsl (p = 0.0008). MaccuBHBIN POCT (CBBIIIIE
100 KOE) perucrpupoBanu Ha 28,1 % yarie y JIuil
1-ti rpynnsl (p = 0,0001). Poct kyasTypsl MBT panee
30 AHeW ¢ MoMeHTa IoceBa ¢ kouuectBom KOE
>100 OoJiee yeM B 3 pasa vallle BCTpevascsd B 1-H
TpyIiIe, HO Pa3aIudus He ObLIN CTATUCTUUECKH 3Ha-
gyuMbIMH (p = 0,668).

KYM - kucioToycoiunBble MUKOGAKTEPUH; 11/3 — 110JIe 3PEHUS.

histone H3 was detected in the blood serum of
patients in group 1 compared with that in group 2. In
group 2, the median of this indicator was 1,4 pg/ml,
and the interquartile range was 0.8—1.7 pg/ml. In
group 1, the median content was 25.8 pg/ml, and the
interquartile range was from 2,6 to 34,2 pg/ml. The
correlation analysis revealed strong correlations
between the content of citrullinated histone H3 in
the blood and the percentage of thread-like NET in
the preparation after stimulation (Rs = 0,92;
p = 0,007); between the content of citrullinated his-

Ta6smna 2. CKopoCcTb U MHTEHCUBHOCTb POCTa KyJbTypbl MUKOOGaKTepUl TybepKyJsie3a Ha cpeie JleBeHluTelHa - eHceHa B

rpyImmnax uccjaefoBaHusi, ade. (%)

Table 2. Rate and intensity of Mycobacterium tuberculosis culture growth on Lowenstein-Jensen medium in the study groups,

abs. (%)
1-a rpynna 2-g rpynmna
g}:;:{“ak Groul;)yl GrougyZ xX* p
n=120 n=60
CkopocTtb pocta / Growth rate:
no 30 guew / up to 30 days 45 (37,5) 8 (13,3)* 11,24 0,0008
ot 31 0 60 gHelt / 31-60 days 32 (26,7) 16 (26,7) 0,001 1,000
6osiee 60 gHelt / >60 days 15 (12,5) 8 (13,3)* 0,02 0,874
WuTeHcuBHOCTB pocTa / Growth intensity:
1-20 KOE / CFU (+) 18 (14,9) 23 (38,3) 12,38 0,0009
21-100 KOE / CFU (++) 17 (14,1) 13 (21,7) 1,62 0,204
6osiee 100 KOE (+++) / >100 CFU (+++) 44 (36,4) 5(8,3)** 14,81 0,0001
CkopocTb pocta MeHee 30 JHEH, MHTEHCUBHOCTb POCTa 14 (11,7) 5 (8,3)** 0,18 0,668
6osiee 100 KOE (+++)
Growth rate <30 days, growth rate >100 CFU (+++)
OtcyTtcTBue pocta / No growth 14 (11,7) 17 (27,0) 7,79 0,052

[Ipumeuanus: KOE - kosoHneo6pasyiomas eMHALA.
* x2 [IupcoHa c monpasKoii MeiiTca.

** Tounsld TecT Puiepa.

N o t e : CFU - colony-forming unit.
* Pearson’s x* with Yates’ correction.

** Fisher’s exact test.
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Ta6mua 3. [los1sg HelTpodUIOB B Pa3HOU cTeneHH akTUBaLuy, B 0B HBJI B mpenapaTte U30/1MpOBaHHBIX HEHTPODHUIIOB,
ko3 dunuent saxsara HBJI nocse BoselcTBUs cTUMYIATOPA HETo3a in vitro [Me (Q,,; Q,, )] B rpynmax

Table 3. The proportion of neutrophils in various stages of activation, the types of NETs in the preparation of isolated
neutrophils, the NET capture coefficient after exposure to the NETosis promoter in vitro in the groups [Me (Q,,; Q,s,,)]

IMoka3zaTesn
Indices

1-g rpynna 2-4 rpynmna KoHTpoJsibHas rpynmna
Group 1 Group 2 Control group
n=120 n=60 n=30

WHTakTHBIE HEUTPOPUIIBI, Y%
Intact neutrophils, %
AxTUBHpOBaHHBIE HEUTPOPUIBI, Y%
Activated neutrophils, %

KsieTku paHHero HeTo3a, %
Cells of early NETosis, %

O6s1akoBuaHble HBJI, %
Cloud-like NETS, %
HurteBuusie HBJI, %
Thread-like NETs, %

Koadduuuent saxsara HBJI, unciio o6bexToB Ha oy HBJT
NET capture coefficient, number of objects per single NET

50,2 (46,5; 54,7)

56,9 (38,3; 59,2)

55,2 (42,3; 57,1)

0,9 (0,7; 6,0) 11,1(53;11,5) 6,2 (2,2;11,3)
p,,= 0,002

2,8 (1,6; 3,5) 10,1(8,2;10,6)  6,1(3,2;9,7)
p,,=0013

p,,= 0,005

32,2 (24,3;46,8) 4,4 (3,2;7,9) 43 (3,2;6,3)
p,,= 0,025 p,,=0,0006
27,8 (15,6;34,3) 17,8(9,1;21,9) 16,0 (15,8;19,2)
p,,=0015

0,72 (0,58;0,97)

0,71 (0,22; 1,04)

0,72 (0,58; 0,96)

[IpuMedaHu4da:

HBJI - HeliTpodU/IbHBIE BHEK/IETOUHbIE JIOBYIIKH.

P, , - CTaTHCTUYECKH 3HaYMMble Pas3/M4uA MoKasaTejJed B rpynne 1 W KoHTposbHOH rpynmne (U-kpuTepuit ManHa - YUTHM); p, , -
JI0CTOBEPHOCTD pa3nuuii B rpynnax 1 u 2 (U-kputepuit ManHa - YUTHH).

N o t e : NETs - neutrophil extracellular traps.

p,_,- statistically significant differences in indices between groups 1 and the control (Mann-Whitney U-test); p, , - the significance of differences

between groups 1 and 2 (Mann-Whitney U-test).

Croco6HOCTh W30JMPOBAHHBIX (DpaKIUi Hen-
TpodUIOB, MOJYIEHHBIX OT NAIeHTOB CpaBHUBAae-
MBIX Tpynn, K (OPMUPOBAHUIO HEUTPO(PUIHHBIX
BHEKJIETOUHBIX JIOBYIIIEK OTpakeHa B Tabi. 3. Kak
BHJIHO U3 TaOJIMIIbI, yKa3aHHAsA CIIOCOOHOCTh HEH-
TpoduoB K ob6pazopanuio HBJI y manueHToB 1-H 1
2-f Tpynn uMeJia 3HAYUTEJIbHbIE pasiauuus. Hew-
TpodWwIbl MalEeHTOB 1-H TPYHIBI CTATHCTUYECKU
3HauuMo yaine (Ha 27,8 %), ueM Bo 2-i rpyre, hop-
mupoBau obakosuiabie HBJI (p = 0,025); kpome
TOTO, B IIpeliapare MaIMeHTOB 1-U TPYIIBI IOCJIe
JIEWCTBUS CTUMYJIATOPA-IIPOOHUOTHKA JIOJIA KJIETOK
paHHero Hero3a ObLIa CTATUCTUYECKH 3HAYUMO
MeHble (Ha 7,3 %, p = 0,013), KaK U JI0Ji aKTUBUPO-
BaHHBIX HeHWTpodwmwioB (Ha 10,2 %; p = 0,002).
Hab6momanace TeHIEHIUMA K YMEHBIIEHUIO JOJIH
HUTeBUIHBIX HBJI BO 2-# rpyIIie Mo OTHOIIEHHIO K
1-#d TpymIe — MeAauaHa o HuTeBUAHBIX HBJI BO
2-# rpynme Obuta Ha 10 % MeHbINEe, 4eM B 1-U
(p = 0,015).

B cpIBOpOTKe KpOBU OOJIBHBIX 1-U TPYIIIIBI OIIpe-
JIeJISVIOCh CTAaTHCTUYeCKH 3Hayumoe (p = 0,005,
U-xkputepuii ManHa — YUTHU) MOBBIIIIEHUE COZEP-
JKaHUs IUTPY/UTMHUPOBAHHOTO rucToHa H3 B cpas-
HEHUU C II0Ka3aTeJIsIMU 2-U rpynisl. Bo 2-# rpymnme
MeZ[MaHa 3TOTO [TOKa3aTeJisd COCTaBUIIA 1,4 IT/MJI, a
WHTEPKBAPTUJIbHBIH WHTEpBAI — 0,8-1,7 mr/mi.
B 1-¢i rpymnme MenmaHa CcOZEPIKAHUS COCTABHIIA

tone in the blood and the proportion of early NETo-
sis cells in the preparation after stimulation (r = 0,75;
P = 0,042).

In patients of group 1 (exudative type of inflam-
matory tissue response), massive bacterial growth
of proliferous MBT strains was observed, which was
accompanied by an increase in the content of citrul-
linated histone H3 in the blood serum, a decrease in
the proportion of activated neutrophils and an
increase in all types of formed NETs. Studies by
several authors conducted earlier in the groups of
adult tuberculosis patients showed that a higher
concentration of citrullinated histone H3, forming
which is closely associated with NETosis [8-10],
correlates with the presence of cavities of lung
destruction and the low effectiveness of anti-tuber-
culosis therapy [11]. This is consistent with our
results, which showed a statistically significantly
higher content of citrullinated histone H3 in the
blood serum of patients with the exudative type of
inflammatory tissue response compared to patients
with the productive type of inflammation. The asso-
ciation of an increased content of citrullinated his-
tone H3 with the proportion of the formed thread-
like NETs is probably due to the fact that thread-
like NET structures contain DNA and antibodies to
myeloperoxidase and citrullinated histone H3 and
represent a type of vital NETosis [12].
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25,8 1r/mM, a UHTEPKBAPTUIBHBI UHTEPBAJ — OT
2,6 10 34,2 ur/miu. KoppeasanuoHHBIH aHaAIU3
BBISIBIUJI HAJIUUHME CUWIBHBIX KOPPEJAIUN MEXIY
coJlep;KaHUeM LUTPY/UIMHUPOBAaHHOrO rucroHa H3
B KpOBU U IpolleHTOM HuTeBuAHbIX HBJI B npena-
pare nocse crumyssinuu (Rs = 0,92; p = 0,007), a
TaKKe MeXKJy COZepKaHueM I[UTPYJUIMHUPOBAaH-
HOTO THCTOHA B KPOBH U JOJIeH KJIETOK PAHHETO
HeT03a B Ipenaparte mocjie ctuMyssainuu (r = 0,75;
p = 0,042).

Y manueHToB 1-U TPyNIbl (3KCCYZTATUBHBIA THUII
BOCIIQJTUTETbHOM TKAaHEBOH peakI[uu) HabII01aI0Ch
MaCCHUBHOe OaKTepUOBBIIeJIEHHE OBICTPOPA3MHOXKA-
omuxeda mraMmMmoB MBT, 4To conpoBoXanocs yBe-
JIMYEHUEM COAEPKAHUA IUTPYJUIMHUPOBAHHOTO
ructoHa H3 B ChIBOPOTKE KPOBH, yMeHbIIEHHEM
JIOJI aKTUBUPOBAHHBIX HEUTPOUIJIOB U yBeHUue-
HHUeM 4YucjIa BcexX TUIOB chopmupoBaHHBIX HBJIL.
B wuccienoBaHUsAX psAZla aBTOPOB, IIPOBEAEHHBIX
paHee B IpyIIIax B3POCIbIX OOJILHBIX TYOEPKYJIE30M,
OBLII0 YCTAHOBJIEHO, UTO HOJIEe BHICOKAsA KOHI[EHTPA-
ousA OUTPY/UIMHUPOBaHHOrO rucroHa H3, mpouecc
06pazoBaHUs KOTOPOTO TECHO CBA3BIBAIOT C HETO30M
[8—10], xoppenupyer ¢ HaJIUIHEM IOJIOCTEH pac-
1asia B JIETKUX U HUBKOU 3(PPEeKTUBHOCTHIO IPOTH-
BOTYOEPKYJIEBHOH Tepanuu [11]. ATO coryacyercs ¢
HAIlIUMH pe3yJIbTaTaMH, IMOKa3aBIIUMHU CTATHUCTH-
YeCcKH 3HAYUMO OOJIblllee COZepiKaHUe IUTPYJLIH-
HUPOBAaHHOTO r'ucTOHA H3 B CBIBOPOTKE KPOBH H60JIb-
HBIX C DKCCY/IATUBHBIM TUIIOM BOCIIJITUTEIBHOU TKa-
HEBOM peakIUU B CPaBHEHUU C TAKOBBIMH, BBIAB-
JIEHHBIMHU y TAaINEHTOB C IPOAYKTUBHBIM TUIIOM
BocriasieHUs. CBf3b IIOBBIIIEHHOTO COZEPKAHUA
IUTPY/UIMHUPOBaHHOTO rucToHa H3 ¢ noseit chop-
MHPOBaHHBIX HUTEBUAHBIX HBJI, Bo3MokHO, 00y-
CJIOBJIEHA TeM, YTO HUTeBHUJHBIe CTPYKTypbl HBJI
comep:xar JJTHK u anTUTENa K MUEJIOIEPOKCUIA3€e U
OUTPYJ/IMHUPOBAHHOMY THCTOHY H3 u mpescras-
JISIIOT PA3HOBU/THOCTh BUTAJIBHOTO HeTo3a [12].

3AK/IIOYEHUE

Pe3ynpTaThl MPOBEIEHHOTO UCC/IEIOBAHMUS ITOKA-
3aJTH, YTO y OOJIBbHBIX TyOEepKyJI1e30M HH(PUITTPATHB-
HBIE TPOIECCHI C TMPeobIalaHueM BKCCYAATHBHOTO
THIIA BOCIIAJINTETLHON TKAHEBOU PEAKITUH XapaKTe-
PHU3YIOTCA MaCCUBHBIM OAKTEPUOBBIZIEIEHUEM, yCTa-
HOBJIEHHBIM METO/0M JIIOMUHECI[EHTHOH MUKPOCKO-
MY, a TaKKe OBICTPHIM (MeHee 30 JTHEH) U MaCCHUB-
HBIM (+++) POCTOM BO30yAMTEJIS HA TJIOTHOHN ITUTa-
TEJTLHOU CpeJie.

CnocoOHOCTh  JIEUKOIIUTOB  IepudepuiecKou
KpoBH K opMupoBaHui0 061akoBUAHBIX HBJI mpu
DKCCY/IATUBHOM THIIE BOCHAJIUTEJHHON TKaHEBOU
peakruu B 8,5 pa3 BbIIE, UeM IIPU IIPOIYKTHBHOM

CONCLUSION

The results of the study showed that in tuberculo-
sis patients, infiltrative processes with a predomi-
nance of the exudative type of inflammatory tissue
response are characterized by active bacterial shed-
ding, determined by luminescent microscopy, as well
as rapid (less than 30 days) and massive (+++)
growth of the pathogen on a solid medium.

The ability of peripheral blood leukocytes to form
cloud-like NETs in the exudative type of inflamma-
tory tissue response is 8.5 times higher than in the
productive type. Thread-like NETs are also formed
more frequently in this group of patients.

The significant predominance of citrullinated
histone H3 in the blood serum of infiltrative pulmo-
nary tuberculosis patients with the mainly exuda-
tive type of inflammatory tissue response was
explained the abovementioned features of NETosis
and can serve as an additional criterion for diagnos-
ing tuberculosis with a tendency to progression,
which should be considered when developing mod-
els for predicting the course of tuberculosis, sub-
stantiation of indications for adjuvant therapy and
choice of its regimen(s).
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turie. HureBuzmasie HBJI Takke dopmupyrores
Yarie B 3TOH IrpyIie 60JIbHBIX.

3HaunTeNIbHOE  TpeoOsaflaHue — COMEepIKAHUA
OUTPYJUIMHUPOBAHHOTO THcTOHA H3 B ChIBOpOTKE
KpPOBH OOJIbBHBIX HHMDUIBTPATHBHBIM TyOEPKYIE30M
JIETKHX C IPEUMYIIECTBEHHO 3KCCY/IATUBHBIM TUIIOM
BOCITAJIMTEILHOW TKAHEBOM peaKIuu OOBSICHIET
BBIIIIEYKa3aHHbIE 0COOEHHOCTH HETO3000pa30BaHUs
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U MOXKET CJIYKUTh JIOTIOJIHUTEJIbHBIM KPUTEPHEM
JIMaTHOCTHUKHU TYOEpKyJie3a ¢ HAKJIOHHOCTBIO K IIPO-
rPECCUPYIONIEMY TEUEHUIO, UTO CIJIEZYEeT YIUTHIBATH
IPYU CO3JJaHUN MOJIeJIEd MPOTHO3a TeueHus Tyoep-
KyJ1e3a, 000CHOBaHHUS MMOKAa3aHUU K IPOBEIEHUIO U
BBIOOPY CXE€M COOTBETCTBYIOIIEH aJbIOBAaHTHOM
Teparnuu.
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THU TAIeHTOOPUEHTUPOBAHHOTO BeleHUs 0OO0JIb-
HBIX PA3JIUYHBIX BO3PACTHBIX TPYII JIeTEN U B3pOC-
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