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Abstract. One of the reasons for worsening the epidemiological
situation is the change of biological properties of bacilli, the failure

of the first and the second courses of chemotherapy, interrupted
treatment, relapse tuberculosis (TB), unadequit treatment, contact
with patients drug resistant tuberculosis insufficient effectiveness of
existing TB drugs [3,7 ]. Production of IL-6 and IL-10 in TB patients
is independent of drug resistance, but increases in response to
increased synthesis of endotoxins by MBT; the magnitude of endo-
genous intoxication and cytotoxic hypoxia creates prerequisites for
the development of drug resistant strains. The IL-18/IL-10 ratio in
these patients characterizes the increase in severity of the patient's
state, the spread of inflammation processes in the lungs and the
development of drug resistance; there is a significant bulk of the Tx-
lymphocyte type 2 (CD4+), which indicates the development of deep
gap in cell-mediated immune response and prevalence of an inef-
fective anti-inflammation immune activation.

Introduction

According to WHO Ukraine ranks 1-st in the
ratio multidrug-resistant tuberculosis (MDRTB)
among patients receiving re-treatment (79.4 %) [7].
In Ukraine MDRTB diagnosed in 16 % of patients
who first diagnosed TB and 44 % of patients with
recurrent disease. In October 2013 surveillance
WHO stated that all new TB cases in the world is
3.6 % MDRTB; 9.6 % (8,1-11,2 %) of all cases re-
gistered MDRTB - extensively drug resistant TB
(XDR). 60.0 % of the world's MDRTB established in
Brazil, China, India and South Africa[1, 3, 7].

Drug resistant TB - is the form in which the pa-
tient identifies Mycobacterium tuberculosis resistant
to one or more anti-TB-drugs, as confirmed by a
laboratory test drug susceptibility [3]. In patients with
pulmonary TB drug resistance reaches 81 % [2].
Among the varieties the most concern is the stability
MDRTB that may be the cause of XDR.

It remains unclear the role of cytokines in the
development of resistance of mycobacteria to anti-
TB-drugs. Also, are not yet identified markers that
reflect the progression of pathological process in
multidrug-resistant tuberculosis, and was not set their
predictive role in assessing the success of anti-
tuberculosis chemotherapy in standardized programs
[4, 5, 6].

Aim
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Determine the features of cytokine regulation in
patients with multidrug-resistant pulmonary tuber-
culosis and their role in development of the systemic
inflammatory response.

Material and methods

Were enrolled 116 patients with pulmonary TB.
All subjects were randomized in 3 study cohorts: co-
hort 1 (41 subjects) were included patients with new-
ly diagnosed pulmonary TB, with preserved sen-
sibility to TB drugs; cohort 2 (63 subjects) were inc-
luded MDR TB patients with confirmed resistance
to at least 3 first line TB drugs (HRS), cohort 3 (12
subjects) were included patients with XDR TB,
control group (20 subjects) were included healthy
humans Clinical, radiological, biochemical, micros-
copic, microbiological, immune-enzymatic and statis-
tical study (ANOVA and Pearson correlation) me-
thods were used.

Discussion of the study

We carried out a comparative analysis of certain
pro- and anti-inflammatory cytokines (Table) that
shows a significant increase in the plasma con-
centration of cytokines in TB groups vs. control
group, and we determined the probability of the de-
pendence of these parameters upon the resistance
profile of the MBT. So, the blood concentrations of
IL-6 in all groups TB groups were significantly
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Table
Plasma concentrations of certain cytokines in sensitive and resistant pulmonary
tuberculosis patients

Cytokines | Control group Group 1 Group 2 Group 3
(n=20) (n=41) (n=63) (n=12)

IL-6%* 1.708+0.015 18.92+14.17 23.70+13.39 6.84+5.4
(pg/ml) p<0.001 p<0.001 p<0.001
p1<0.01 p2<0.01

p3<0.001

IL-10 1.79+0.127 4.2+0.75 3.38+0.79 3.55+0.23
(pg/ml) p<0.05 p<0.001 p<0.001
p1>0.001 p2<0.01
p3>0.4

IL-18 268.34£101.74 537.67+£276.67 329.32+148.10 194.11+81.89

(pg/ml) p<0.001 p<0.1 p<0.05
p1<0.001 p2<0.001

p3>0.05

Note: Data are presented as average and standard error (M+m). p — significance level related to control group:
p1 — significance level between group 1 and 2; p, — significance level between group 1 and 3; p; — significance

level between group 2 and 3. * — interleukine
increased compared to control group, there was a
11.08 fold increase in group 1, 13.9 fold increase in
group 2, and 4 fold increase in group 3 of IL-6 level
(p<0.001). A significant intergroup difference was
found of plasma concentration of IL-6 between pa-
tients with sensitive and resistant TB (Table). Thus,
the level of IL-6 in group 2 was 1.7 fold increased,
compared to groupl (p,<0.01). However, in patients
of group 3 marked reduction in IL-6 concentration
was compared to groupl - 2.8 fold (p<0.001) and
group 2 - 3.5 fold (p,<0.001). Low values of IL-6 in
patients XDR TB, in our opinion, can lead to chronic
carrier of intracellular infection, rapidly progressive
course of the inflammatory process, which poorly
responds to anti-TB treatment and, probably, is one
of the factors producing their own XDR TB forms
due to prevalence of humoral immune responses [2,
3,5].

A pronounced activation of all phases of the inf-
lammatory niprocess in all study cohorts compared
to control group, probably, is indicated by the increa-
se in the level of anti-inflammatory IL-10 (Table 1).
Thus, in group 1 level of IL-10 increased by 2.3 folds,
in group 2 - 1.8 folds, in group 3 - by 1.9 folds
(p<0.001), this indicate on inhibition of cellular immu-
nity and perhaps the beginning of specific chronic
inflammatory process. The plasma concentration of
IL-10 in sensitive TB patients has increased by 1.2
folds compared to group 2 and 3 (p1<0.001,
p,<0.01). There were no statistically significant diffe-
rences in concentration of IL-10 in group 2 and 3
(p,>0.4).

The activity of IL-18, whose role is to improve
the resistance to intracellular pathogens and is essen-
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tial for the formation of anti-TB acquired immunity,
significantly increased in sensitive and MDRTB pa-
tients compared to control group. For example, in
gropul there is a 2 fold IL-18 increase (p<0.001),
respectively, in group 2 - 1.2 fold (p<0.1). However,
in patients XDR TB there is a tendency to reduce the
plasma concentration of this cytokine below the level
of control group. The level of IL-18 in group 3 dec-
reased by 1.4 folds in comparison with control group
(p<0.05) (Fig.). Intergroup difference of plasma con-
centration of IL-18 in sensitive and MDR TB pa-
tients was proved. Thus, in group 2 vs. group 1 there
is a 1.6 folds decrease of IL-18 (p,<0.001), IL-18
decrease in group 3 vs. group 1 was of 2.7 folds
(p,<0.001). Also, there is a decrease of IL-18 con-
centration in group 3 of 1.7 folds compared to group
2 (p,<0.05). The difference in plasma concentration
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Fig. 1 Changes in the level of pro- and anti-
inflammatory cytokines (pg/ml) in sensitive and
MDR TB
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of IL-18 in sensitive and MDRTB patients is on the
ultimate level of statistical significance (p, ,<0.001).

Discussion In our opinion, the production of IL-6
and IL-10 in TB patients, regardless of resistance,
raise in response to increased synthesis of MBT en-
dotoxins, increase of endogenous intoxication and
cytotoxic hypoxia, all these create prerequisites for
the development of resistance. What caused the lack
of correlation between the IL is not yet clear, ho-
wever, this fact is not crucial, as the most important
prognostic criterion is the imbalance in the I1L-18/IL-
10 ratio; with an increase in the severity of the pa-
tient's condition, the spread of inflammation proce-
sses in the lungs and the development of drug resis-
tance; there is a significant bulk of the Tx-lym-
phocyte type 2 (CD4+), which indicates the deve-
lopment of deep gap in cellmediated immune res-
ponse and prevalence of an ineffective anti-inflam-
mation immune activation. The increase in IL-6
plasma concentration, probably, indicates a high
activity of systemic inflammatory response, which is
maximally expressed in MDRTB patients (23.70+
13.39). This cytokine plays a key role in the deve-
lopment of inflam mation, immune response to
infectious factor and lung tissue damage with the
formation of massive destructive changes that were
present in patients groups assessed by us. [L-6 plays
a special role as "hepatocyte activating factor",
which induce the synthesis of acute-phase proteins in
the framework of systemic inflammatory response
that leads to emerge of specific inflammation process
outside the pulmonary tissue and activation of sys-
temic inflammatory response syndrome.

High levels of IL-10 in patients with pulmonary
TB have a favorable prognostic impact, because
multifunctional properties of IL-10, ability to inhibit
the synthesis of most proinflammatory cytokines and
block apoptosis of macrophages and monocytes play
an important role in the formation of a limited spe-
cific inflammation in the broncho-pulmonary paren-
chyma. Given the fact, those in MDR TB and XDR
TB patients' levels of IL-10 is not too high and are
efinitely lower than in newly diagnose TB patients, in
such patients widespread, disseminated TB forms
dominate over infiltrative forms (ratio 1:2).

Conclusions

1.Assessment of IL-6 plasma concentration in
pulmonary MDR TB vs. sensible TB patients re-
vealed a significant 1.7 folds increase (p,<0.01), and,
respectively, a significant 1.2 folds decrease in the
level of IL-10 and IL-18 (p,<0.001), these confirm
the strengthening of endogenous intoxication, cytoto-
xic hypoxia and activation "systemic inflammatory
response" syndrome.

2.Assessment of plasma concentration of certain
pro- andanti-inflammatory cytokines in MDRTB pa-
tients showed that it is dependent on the profile of
MBT resistance to anti-TB drugs. Plasma concent-
ration of [L-10 in MDR and XDR TB patients is
significant lower than in sensible TB patients and
correlates with the prevalence in MDRTB patients of
widespread/disseminate TB forms over infiltrative
TB forms (1:2 ratio).
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TMOKA3ZHHUKH U TOKTHOBOI PEI' VJIALIT Y XBOPUX
3MVYJIbTUPE3UCTEHTHUM TYBEPKYJ/IbO30M
JIET'EHb

LB. €pemenuyk, J1./]. Tooopiko, B.1. Chueka, T.1. Invuuwiun

Pe3tome. OnHi€10 3 MPUYNH MOTIiPIICHHS €MMiAEMi0NOrigHOT
cuTyartii € 3MiHa GiOJOTIYHUX BIACTUBOCTEN MikoOaKTEpii,
HEBJIava TEepIIOro Ta MOBTOPHOTO KypciB XimMioTepamii, mepep-
BaHe JTiKyBaHHA, penuans Tyoepkyaro3y (Th), 6esycnimnue
TiKyBaHHS, KOHTAKT 3 XBopuM Ha XPTDB, HenocrarHs edek-
THBHICTb iCHYIOUHX MIPOTHUTY OEPKYIHLO3HHX MpEnaparis.

Ipoxyxmuis 1JI-6 ta 1JI-10 y rpymax xBopux Ha Th nesa-
JIEXKHO BiJl pE3UCTEHTHOCTI 3pOCTAE Y BiAMOBIIH HA ITi IBUIIICHHS
cuHTe3y eHnoTokcuHiB MBT i HapocTaHHS eHJOTeHHOT iH-
TOKCHKALIii T2 MTOTOKCUYHOI MMOKCIT, IO CTBOPIOE EPETyMOBH
JUTS PO3BUTKY X pe3UCTEHTHOCTI. JlncOanaHc CriBBiTHOMICHHS
JI-18/1JI-10 y nux XBOpUX XapakTepHu3ye HapOCTaHHS TSHKKOCTI
CTaHy TMalli€HTa, MOMNUPEHICTh 3aaTbHOTO MPOIIECY B JIETEHSX i
(opMyBaHHS PE3UCTEHTHOCTI; Bi[3HAYAETHCS iCTOTHA TIepeBara
aiMmponntiB Tx-2 tumy (CD4+), mo Bka3zye Ha pO3BUTOK
rMUOO0KOTO eEeKTY KIITHHHO-OTOCEPENAKOBAHOTO iMYHHOTO
3aXMCTy i epeBary NpoTH3anaibHOT IMyHHOT akTHBAIii.

KnawuoBi cjoBa: TyOepKylb03, MyIbTUPE3UCTECHTHH M
TyOepKyIb03 JIETeHb, iHTEPICHKIHN.

TMOKA3ATEJIN IIATOKMHOBOM PET YJIAIIAN ¥V
BOJIBHBIX C MYJIBTUPE3UCTEHTHBIM
TYBEPKYJIE3OM JIEI'KUX

U.B. Epemenuyk, J1./1. Tooopuko, B.H. Cnvigka,
T.U. Unvyuwun

Pesome. OHOU U3 NPUUYMH yXyALIEHUS dMUAECMHUO-
JTOTUYECKON CUTyalny SIBISETCS] M3MEHEHNE OMOIOTHYECKUX
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CBOCTB MUKOOAKTEPHIA, HEyada MEPBOTO M TOBTOPHOTO KYPCOB
XMUMHUOTEpAIUK, pepBaHHOE JE€UEHNE, PELUINB TyOepKyIe3a
(TB), 6e3ycnenrHoe nedeHue, KOHTAKT ¢ 6onpHBIM XPTBH,
HenocTarouHast YPPEKTUBHOCTE CYIIECTBYIOMMNX MTPOTUBOTY-
OepKyJIe3HBIX MPEMnaparoB.

Hponykuus NJI-6 u UJI-10 B rpynnax 6onsHbIx Th
HE3aBUCUMO OT PE3UCTEHTHOCTU BO3PACTACT B OTBET HA MOBbI-
LIEHHE CUHTE3a Y)HA0TOKCMHOB MBT 1 HapacTanue sH10reHHOM
MHTOKCUKALUU U UUTOTOKCUYECKON TMIIOKCUU, YTO CO31AET
MIPEATIOCHIIKY JUIST Pa3BUTHS UX pe3ncTeHTHOCTH. J{ncbhananc
cootHomrenus: MJI-18/MJI-10 y aTux G0JBHBIX XapakTepu3yeT
HapacTaHUE TSKECTU COCTOSHUS MALMEHTA, PACIPOCTPAHEHHOCTD
BOCHAJIMTEILHOTO MPOLIecca B JIETKUX U (POPMUPOBAHUE PE3UC-
TEHTHOCTH; OTMEYAETCS CYLIECTBEHHOE MPEUMYILECTBO JIUM-

¢omutoB Tx-2 Tuna (CD4+), uTo yka3sIBaeT Ha pa3BUTHE
rry6okoro nedekra KJISTOUHO-0M0CPEI0BAaHHONH HMMYHHOK
3aIIUTHI ¥ IPEUMYIIIECTBO MPOTHBOBOCIATUTEIFHON MIMMYHHOM
AKTHBAIINN.

KuroueBble ciioBa: TyGepKyine3, MyJIbTHPE3UCTEHTHBIN
TyOepKyJe3 IETKUX, THTEPICHKUHEL.

Boicuiee rocynapcreeHHoe yyeOHoe 3aBeieHHe YKPAUHBI
"ByKOBHHCKHUIA rocyAapcTBEHHbIH MeIHLUHCKU
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