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Aim. To analyze the effect of immunomodulator azoximer bromide on the serum cytokine profile (IL-2, IL-6, IL-4, IL-10) in the com-
plex therapy for children with newly diagnosed tuberculosis (TB).

Materials and methods. The study included 51 newly diagnosed TB children, who were divided into 2 groups: 26 children received
immunomodulator azoximer bromide (main group) in combined therapy with concurrent antimycobacterial therapy (AMBT) and
25 children were assigned to only AMBT (control group). The main group children received azoximer bromide (immunomodula-
tor) adjunctive therapy for immunological changes correction concurrently with the standard AMBT: children under the age of 10
years — orally 6 mg twice a day, children aged over 10 years — 12 mg twice a day; the treatment course — 14 days. The serum
cytokine profile (IL-2, IL-6, IL-4, IL-10) was examined on the basis of the Immunological Department in the Training Medical and
Laboratory Center of ZSMU by solid-phase enzyme-linked immunosorbent assay (ELISA) using a device ELISA - reader Sirio S
with respective kits (Bender MedSystems GmbH, Austria, pcg/ml) before AMBT initiation and at the end of AMBT maintenance
phase (MF). The study results were processed on a personal computer using the statistical package of the licensed program
Statistica, version 13 (Copyright 1984—-2018 TIBCO Software Inc. All rights reserved, License No. JPZ8041382130ARCN10-J).

Results. At the AMBT initiation, newly diagnosed TB children of both groups showed a clear imbalance between pro- and anti-in-
flammatory cytokines towards pro-inflammatory ones with a predominance and high activity of Th1 type cellularimmune response.
The ratios of IL-2/IL-10 and IL-6/IL-10 pointed to the normalized balance in the regulatory system of pro- and anti-inflammatory
cytokines in the main group children upon the MF of AMBT completion. The ratio of IL-2/IL-10 dropped 7.3-fold at the treatment
completion relative to that at the initiation of treatment, however, compared to the control group at the end of treatment, it was 7.2
times less. The controls did not show significant on-treatment dynamics of the IL-2/IL-10 and IL-6/IL-10 ratios, the IL-2/IL-10 ratio
was 12.8 times higher than in the healthy children group at the treatment completion.

Conclusions. The use of immunomodulator azoximer bromide in combination therapy for newly diagnosed TB children helps to
normalize all cytokine profiles and the balance in the regulatory system of pro- and anti-inflammatory cytokines after the AMBT
completion. Therefore, the effect of immunomodulator azoximer bromide on the cytokine profile in the treatment for newly diagnosed
TB children is substantial, which would increase the AMBT effectiveness among this patient group as a whole.

BnauB imyHomoayAfiTOpa asokcumepy 6pomiay B KOMNAEKCHIW Tepanii AiTe# i3 HOBUMM
BMNAaAKaMM 3aXBOPIOBaHHA Ha Ty6epKyAbO3 Ha NOKa3HUKK LIUTOKIHOBOTO NPodiAo

10. B. MupoHuyk, 0. M. PazHaToBCcbka

MeTa pobotu — npoaHanisyBaTi BNivB iMyHOMOAYNSTOpa a3okcuMepy 6pomigy B KOMMMEKCHOMY MiKyBaHHi 4iTen i3 HOBUMM
BUNaZKaMy 3axXBOPtoBaHHs Ha Tybepkynbo3 (TB) Ha nokasHukm LTokiHoBoro npodinto (IL-2, IL-6, IL-4, IL-10) y cupoBarTLi KpoBi.

Marepianu Ta MmeToau. Y JOCTIMKEHHS 3anyumnn 51 AUTHY 3 HOBUMYM BUNaZKkaMu 3axXBoptoBaHHs Ha Tb, ix noginunm Ha 2 rpynu:
26 XBOpMX, sIKi B KOMMMEKCHOMY MikyBaHHi Ha TNi aHTUMikobakTepianbHoi Tepanii (AMBT) oTpumMyBany iMyHOMOZynsTop a3okcumepy
Opomia (ocHoBHa rpyna); 25 navieHTis, siki oTpumMyBaTy Tinbk AMBT (KOHTponbHa rpyna). Y fiten OCHOBHOI rpyni Ha Thi CTaH4apTHOI
AMBT ans kopekuji iMyHONOori4H1X 3MiH 40LAaTKOBO 3aCTOCOBYBaru asokcumepy 6pomia (imyHomogynsatop): y aiten sikom 4o 10 pokis
— BHYTPILUHBO M0 6 Mr ABiYi Ha Joby, B AiTel Bikom noHaz, 10 pokiB — no 12 Mr givi Ha oby; kypc NikyaHHs — 14 aib. JocnimkeHHs
nokasHWKiB LuTokiHoBoro npodinto (IL-2, IL-6, IL-4, IL-10) y cupoBaTLi KpoBi 3iiCHNM Ha 6asi iMyHONOriYHOTO BiAAiNY HABYaANbHOMO
mezavko-nabopatopHoro LeHTpy 30MY metopom TBepaodhasHoro iMyHoepMeHTHOro aHanisy Ha obnagHaHHi iMyHohepMEHTHNIA
pinep Sirio S i3 3acTocyBaHHaM Habopy Bender MedSystems GmbH (Austria, nkr/mn) Ha nodatky AMBT i no 3aBepLUeHH0 nigTpu-
myBasnkHoi hasm (Md) AMBT. Pe3ynstatv AOCTimpKeHHs onpaLtoBanit Ha NepcoHanbHOMY KOMITHOTEpI, BUKOPUCTaBLUM mporpamy
Statistica, Bepcist 13 (Copyright 1984-2018 TIBCO Software Inc. All rights reserved. Jiuensia Ne JPZ8041382130ARCN10-J).

Pesyneratu. Ha noyatky AMBT y aiTeit i3 HOBMY Binagkamu 3axBoproBaHHs Ha T 060X rpyn BU3Ha4anm BupaxeHuit gucbanaHc
Mpo- Ta NPOTM3ananbHKX LMTOKIHIB Y Bik Npo3ananbHyX LMTOKIHIB i3 NepeBaxaHHsAM Ta BUCOKOK aKTUBHICTIO Th1-Tuny KNiTWHHOI
Bignosiai imyHiteTy. KoediuieHT IL-2/IL-10 nicns 3aBepLUeHHS NikyBaHHS 3HW3WBCA B 7,3 pasa LLOAO0 NOKa3HMKa Ha noyarky nikyeaH-
HS. [ToKka3HMK OCHOBHOI rpynu Micns 3aBepLUEHHS NiKyBaHHS y 7,2 pasa HUKYMIA NOPIBHSIHO KOHTPOMBHOIO FPYMOH0. Y KOHTPOMbHIi
rpyni BiporigHy avHamiky koediieHTis IL-2/IL-10 Ta IL-6/IL-10 y npoueci nikyBaHHs He cnocTtepirany. KoediuieHT IL-2/IL-10 nicns
3aBepLUEHHS NikyBaHHA y 12,8 pasa BULLMIA, HX Y rpyni 300pOBKX LiTeN.

BucHoBKkuM. 3acTocyBaHHs iMyHOMOZYnsTOpa a3okcumepy Gpomigy B KOMMNEKCHIN Tepanii 4iTel i3 HOBYMM BUNaaKaMm 3aXBOpHO-
BaHHs Ha Tb nicns 3aBepLueHHs N® AMBT cnpusie HopmaniaaLii BCix NOKa3HMKIB LIMUTOKIHOBOTO MPOqinio 3 HopManisallieto cTaHy
6anaHcy B perynsTopHiii CUCTeMi Npo- Ta NpoTU3ananbHUX LMTOKIHIB. ToMy BNnvB iMyHOMOAynsiTopa asokcumepy 6pomidy B
KOMMSIEKCHiIV Tepanii AiTel i3 HoBUMW BUNaaKaMW 3aXBOPHOBaHHS Ha TyBepKynb0o3 Ha NOKa3HUKM LMTOKIHOBOTO Npodinto € Baromum,
[ae 3Mory NiABMLLUTY eeKTVUBHICTb aHTUMikobakTepianbHOT Tepanii B LibOro KOHTVHIEHTY XBOPYX 3ararnoM.
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Original research

According to the Center for Public Health of the Ministry
of Health of Ukraine [1], there was a 1.1 % increase
in the incidence of tuberculosis (TB) among Ukrainian
children aged 0-14 years (from 8.9 to 9.0 per 100 000)
and a 5.3 % increase — among adolescents aged 15-17
years (from 19.0 to 20.0 per 100 000) in 2019. About
1 million children are diagnosed with TB worldwide annu-
ally, including 200 000 deaths [2]. Dodd P. J. et al. [3] have
reported TB as a major cause of mortality among children
younger than 5 years of age, especially if left untreated or
improperly managed.

Today, pediatric phthisiology faces the most important
challenge of increasing therapeutic efficacy. In the age
pattern of different population categories, children with
notable features of the disease clinical course and certain
various alterations in an immunological status are of par-
ticular concern.

Cytokines are a group of polypeptide mediators
involved in the formation and regulation of protective reac-
tions in the human body [4]. The clinical picture, features
of the course and consequences of TB was found to be
associated with the severity of imbalance between pro- and
anti-inflammatory cytokines [5,6].

There are data on a direct link between the clinical and
immunological efficacy of combined treatment for patients
with newly diagnosed infiltrative TB. For instance, increased
activation of IL-6 gene expression correlates with hindered
resorption of infiltrates in lung tissue and prolonged persis-
tence of respiratory symptoms in patients, and IL-2 gene
expression is associated with limited lung tissue damage.
Based on the data obtained, the authors recommend
timely estimating the levels of pro- and anti-inflammatory
cytokines in order to administrate an appropriate immu-
nocorrective therapy concurrently with antimycobacterial
therapy (AMBT).

The relevance and diagnostic value of determining
the levels of cytokines (both pro-inflammatory and anti-in-
flammatory) in infectious diseases to assess the severity
and predict the disease course is evidenced by the scientific
work of Yu. G. Prytulina et al. [7]. The authors emphasize
the dynamic cytokine profile examination in the treatment
process with a view to early correcting the identified
changes.

Following a meta-analysis of current data, L. H. Gutiér-
rez-Gonzélez et al. [8] concluded that the correct diagnosis
of immunological changes, prognosis and the use of poten-
tial immunomodulators as adjunct therapy in TB would meet
personalized treatment.

The drug azoximer bromide has an immunomodulatory
effectand increases the body resistance to various infectious
diseases. The mechanism of immunomodulatory action of
the drug is based on direct activation of phagocytic cells and
natural killers in addition to stimulation of antibody production.
The use of this drug activates the monocyte-macrophage
system resulting in enhanced migration of neutrophils into
an inflammatory site, increases the activity of lysosomal
enzymes, improves the ability of phagocytes to capture and
kill microbial agents. Azoximer bromide restores immunity
in secondary immunodeficiency states, thereby increasing
the effectiveness and reducing the length of treatment.

Reviewing the existing literature, we have not found pa-
pers related to immunomodulator azoximer bromide effects
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on the cytokine profile in TB children, that has determined
the choose and relevance of a subject for a study.

Aim
To analyze the effect of immunomodulator azoximer bro-

mide on the serum cytokine profile (IL-2, IL-6, IL-4, IL-10) in
the complex therapy for children with newly diagnosed TB.

Materials and methods

The study included 51 newly diagnosed TB children, who
were divided into 2 groups: 26 children received immuno-
modulator azoximer bromide (main group) in combined
therapy with concurrent AMBT and 25 children were
assigned to only AMBT (control group). The groups were
matched by age, sex, AMBT regimen prescribed, and
the specific process severity. A comparison group included
30 apparently healthy children.

The main group children received azoximer bromide
(immunomodulator) adjunctive therapy for immunological
changes correction concurrently with the standard AMBT:
children under the age of 10 years — orally 6 mg twice a
day, children aged over 10 years — 12 mg twice a day;
the treatment course — 14 days.

The serum cytokine profile (IL-2, IL-6, IL-4, IL-10) was
examined on the basis of the Immunological Department
in the Training Medical and Laboratory Center of ZSMU by
solid-phase enzyme-linked immunosorbent assay (ELISA)
using a device ELISA —reader Sirio S with respective kits
(Bender MedSystems GmbH, Austria, pcg/ml) before
AMBT initiation and at the end of AMBT maintenance
phase (MF).

The study results were processed on a personal
computer using the statistical package of the licensed
program Statistica, version 13 (Copyright 1984-2018
TIBCO Software Inc. All rights reserved, License No. JP-
Z8041382130ARCN10-J). The normality of continuous data
distribution was analyzed using the Shapiro-Wilk test [9].
Normally distributed data were assessed by Student’s t-tests
for single comparisons. Descriptive statistics of non-normal-
ly distributed parameters were presented as medians and
interquartile ranges, Me (Q25; Q75) [10] and compared by
Mann-Whitney tests [11,12]. A two-tailed P-value of less
than 0.05 was considered statistically significant.

Results

Generalized clinical forms of TB (infiltrative and dissemi-
nated) prevailed among newly diagnosed TB children of
both groups: 17 (65.3 %) persons of the main group and 18
(72.0 %) controls. The dynamic pattern of serum cytokine
profiles (Table 1) in newly diagnosed TB children did not
differ significantly between the group of combination therapy
with immunomodulator azoximer bromide and the control
one at the AMBT initiation. Nevertheless, a significant diffe-
rence was found in both groups relative to the comparison
group indicators. Atthe AMBT initiation, newly diagnosed TB
children of both groups showed a clear imbalance between
pro- and anti-inflammatory cytokines towards pro-inflamma-
tory ones with a predominance and high activity of Th1 type
cellular immune response.
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Table 1. Dynamics of serum cytokines in newly diagnosed TB children on the immunomodulator azoximer bromide adjunctive therapy,

Me (Q25; Q75)
Serum cytokine profile Comparison group, Control group, n =25 Main group, n =26
indicators, pcg/ml n=30 At the AMBT initiation | At the MF of AMBT completion | At the AMBT initiation | At the MF of AMBT completion

IL-6 1.58 (1.45; 1.78) 0.10 (0.05; 0.19)* 0.09 (0.07; 0.13)* 0.12 (0.07; 0.19)* 1.48 (0.79; 1.69)**
IL-4 1.74 (1.54; 1.94) 0.67 (0.36; 1.01)* 0.78 (0.45; 1.31)* 0.70 (0.36; 1.12)* 1.72 (1.03; 2.06)**
IL-2 0.30 (0.24; 0.35) 1.73 (1.09; 4.12)" 1.22(0.95; 2.01)* 1,52 (1.05; 2.65)* 0.36 (0.22; 1.29)#*
IL-10 347 (2.88; 3.68) 0.94 (0.41; 1.69)* 0.75 (0.41; 1.01)* 0.94 (0.37; 1.78)* 3.56 (2.21; 4.26)#

*: indicators with significant difference relative to the comparison group (P < 0.05); *: significant difference of the indicator at the MF of AMBT completion compared with that at
the AMBT initiation (P < 0.05); **: indicators with significant difference between the main and control groups (P < 0.05).

Table 2. Dynamics of the cytokine ratios in newly diagnosed TB children on the immunomodulator azoximer bromide adjunctive therapy,
Me (Q25; Q75)

Cytoklne ratio indicators, | Comparison group, Control group, n =25 Main group, n = 26
n=230 At the AMBT initiation | At the MF of AMBT completion | At the AMBT initiation | At the MF of AMBT completion

0.11(0.03; 0.22)
1.56 (0.96; 5.08)"

*:indicators with significant difference relative to the comparison group (P < 0.05); *: significant difference of the indicator at the MF of AMBT completion compared with that at

IL-6/IL-10
IL-2/1L-10

0.49 (0.39; 0.54)
0.13 (0.06; 0.11)

0.13 (0.08; 0.19)
1.67 (0.98; 2.95)

0.12 (0.06; 0.25)*
1.70 (0.67; 3.67)*

0.34 (0.19; 0.44) #**
0.23 (0.05; 0.47)*#**

the AMBT initiation (P < 0.05); **: indicators with significant difference between the main and control groups (P < 0.05).

The serum IL-6 concentration in the main group children
atthe MF of AMBT completion was 1.48 (0.79; 1.69) pcg/ml,
that did not differ significantly from the comparison group
(1.58 (1.45; 1.78)) pcg/ml) and it was 12.3 times (P < 0.01)
higher than that at the treatment initiation, and 16.4 times
higher (P < 0.02) as compared to the control group (0.09
(0.07; 0.13) pcg/mi).

The serum IL-4 level in the main group children signi-
ficantly increased 2.4-fold (1.72(1.03; 2.06) pcg/ml) compared
to that at the treatment initiation (0.70 (0.36; 1.12) pcg/ml,
P < 0.000003), being 2.20-fold higher (P < 0.0003) than
in the control group at the MF of AMBT completion (0.78
(0.45; 1.31) pcg/ml). The serum level of IL-4 did not differ
significantly between the main and comparison groups.

The serum concentration of IL-10 in the main group
children did not differ significantly from that in healthy chil-
dren at the treatment completion (3.56 (2.21; 4.26) pcg/ml
vs. 3.47 (2.88; 3.68) pcg/ml; P > 0.05), but it was 3.7-fold
higher (P < 0.000001) than that at the treatment initiation
(0.94 (0.37; 1.78) pcg/ml) and 4.7 times (P < 0.000001)
as high as that of the control group at the MF of AMBT
completion (0.75 (0.41; 1.01) pcg/ml).

Nor were there significant differences in the serum IL-2
concentration between the main group and healthy children
at the treatment completion (0.36 (0.22; 1.29) pcg/ml vs.
0.30 (0.24; 0.35) pcg/ml, P < 0.01). Meanwhile, it was 4.2-
fold significantly decreased compared to that at the treat-
mentinitiation (0.36 (0.22; 1.29 pcg/ml) vs. 1.52 (1.05; 2.65)
pcg/ml; P <0.01), which was 3.4 times (P < 0.02) as low as
in the control group at the MF of AMBT completion (1.22
(0.95; 2.01) pcg/mli).

The control group children did not show significant
changes in the cytokine profile at the AMBT course
completion. Indeed, a downward trend in the serum IL-2
concentration by 1.4 times was revealed at the treatment
completion (1.22 (0.95; 2.01) pcg/ml vs. 1.73 (1.09; 4.12)
pcg/ml; P> 0.05), which was 4 times (P < 0.0005) the indica-
tor of healthy children (0.30 (0.24; 0.35) pcg/ml). The serum
concentrations of IL-6 and IL-4 remained almost at the same
level as determined at the treatment initiation, which was
17.5 times (P < 0.000001) and 2.2 times (P < 0.000001)
less, respectively, than those in the healthy group children.
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Afurther decrease in the serum concentration of IL-10 was
found among the controls at the treatment completion, as
it was 4.6 times less than that in the comparison and main
groups (0.75(0.41; 1.01) pcg/ml vs. 3.47 (2.88; 3.68) pcg/ml
and 3.56 (2.21; 4.26) pcg/ml, respectively; P < 0.0003).

The ratios of IL-2/IL-10 and IL-6/IL-10 (Table 2) pointed
to the normalized balance in the regulatory system of pro-
and anti-inflammatory cytokines in the main group children
upon the MF of AMBT completion. In this vein, the IL-6/
IL-10 ratio in the main group did not differ significantly
from that in healthy children at the completion of AMBT
course, but it was 2.8 times increased compared to that at
the treatment initiation (0.34 (0.19; 0.44)r. u. vs. 0.12 (0.06;
0.25)r.u., P <0.01), being 2.8 times (P < 0.01) as high as
in the control group upon the MF of AMBT completion (0.13
(0.08;0.19) r. u.).

The ratio of IL-2/IL-10 dropped 7.3-fold at the treatment
completion relative to that at the treatment initiation (0.23
(0.05;0.47)r.u.vs.1.70(0.67; 3.67)r. u., P <0.02) in the main
group, but still remained 1.7 times as high (P <0.01) as in
the comparison group (0.13 (0.06; 0.11) . u.), however, com-
pared to the control group at the end of treatment, it was 7.2
times less (0.23 (0.05; 0.47) r. u. vs. 1.67 (0.98; 2.95) . u.,
P <0.007). The controls did not show significant on-treatment
dynamics of the IL-2/IL-10 and IL-6/IL-10 ratios, the IL-2/IL-10
ratio was 12.8 times higher than in the healthy children group
(1.67 (0.98; 2.95) . u. vs. 0.13 (0.06; 0.11) . u., P < 0.007)
at the treatment completion.

Discussion

As is seen from the results, newly diagnosed TB children
were characterized by the imbalance in the regulatory
system of pro- and anti-inflammatory cytokines with
the predominance of Th1 type cellular immune response
at the AMBT initiation. Moreover, most children of both TB
groups were diagnosed with the generalized clinical forms of
the disease (65.3 % and 72.0 %). According to the literature,
regardless of the clinical form, generalized destructive TB
is accompanied by a clear quantitative predominance of
B-lymphocytes with stressed functional activity as well as
a predominantly Th2 type cellular response.
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KolosovaA. et al. reported the following manifestations
of cytokine-mediated suppression of the Th1 immune re-
sponse in TB patients: hypersecretion of IL-10 (infiltrative
form of the specific process) and IL-4 (disseminated form)
along with IL-2 deficiency.

Kuzhko M. et al. [13] studying the cytokine profile in
newly TB diagnosed patients found an active Th1 immune
response (increased serum levels of IL-2 and IFN-y) with
reduced Th2 activity (IL-4 and IL-10) at the treatment
initiation. Upon the intensive phase of AMBT completion
(2 months after), the opposite changes were revealed:
activated Th2 immune response and suppressed Th1
immune response.

We have found the predominance and high activity of
Th1 type cellular immune response in newly diagnosed TB
children who received only AMBT throughout the course of
treatment and upon its completion. This fact has been well
reflected in the literature [5].

The researchers demonstrated a tendency to restore
balance in the system of pro- and anti-inflammatory
cytokines on the AMBT, but none of the cytokine indices
returned to normal levels, requiring additional immunocor-
rective therapy. However, found normal serum levels of
pro-inflammatory cytokines (IL-1B, IL-2, TNF-a) in young
TB children (under 3 years of age) and older (16-17 years
of age) after 3 months of using only AMBT.

The results of our work suggest that the use of immu-
nomodulator azoximer bromide in combination therapy for
newly diagnosed TB children helps to normalize all cytokine
profiles and the balance in the regulatory system of pro- and
anti-inflammatory cytokines after the AMBT completion. To
sum up, the findings have found scientific evidence repor-
ted in the literature, but there is also a sufficient number of
papers which are contrary to the data obtained.

Conclusions

The use of immunomodulator azoximer bromide in com-
bination therapy for newly diagnosed TB children helps to
normalize all cytokine profiles and the balance in the reg-
ulatory system of pro- and anti-inflammatory cytokines
after the AMBT completion. The clear imbalance between
pro- and anti-inflammatory cytokines towards pro-inflam-
matory ones with the predominance and high activity of
Th1 type cellularimmune response is the characteristic of
TB children receiving only AMBT at the treatment course
completion. Therefore, the effect of immunomodulator
azoximer bromide on the cytokine profile in the treatment
for newly diagnosed TB children is substantial, which
would increase the AMBT effectiveness among this patient
group as a whole.

Prospects for further research. To study the effect of
the immunomodulator azoximer bromide on the effective-
ness of complex therapy for newly diagnosed TB children.
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