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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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PECULIARITIES OF CYTOKINE RESPONSE IN CHILDREN WITH SHIGELLOSIS 
AND CONCOMITANT CYTOMEGALOVIRUS INFECTION

1Bukiy S., 1Olkhovskaya О., 1Kucherenko O., 1Olkhovsky E., 2OgienkoV.

1Kharkiv National Medical University; 2Kharkiv Medical Academy of Postgraduate Education, Ukraine

Intestinal infections (II) occupy a leading place in the infec-
tious pathology of childhood and represent a fairly significant 
socio-economic problem in different countries.

According to WHO, about 50 million children in the world 
suffer from shigellosis every year [1,2]. Despite the tendency to 
reduce the number of cases of Shigellosis in Ukraine in recent 
years, this intestinal infection continues to occupy a leading po-
sition in the structure of bacterial diarrhea among the children, 
which is associated with a number of factors [3]. The urgency 
of the problem of Shigellosis in childhood is associated not only 
with a possible severe course of the disease but also with the risk 
of developing complications both in the early recovery period 
and in the subsequent stages of the child’s development [4].

 Over the past decades, the number of children infected with 
herpes viruses, primarily with cytomegalovirus (CMV), has in-
creased, which is associated with both improving the quality of 
diagnosis of the disease and the true increase in the incidence. 
One of the characteristic features of CMV is a long period of 
persistence of the virus in the child’s body, even in comparison 
with other herpes viruses. 

It is believed that CMV can cause changes in almost all parts 
of the immune system - macrophage dysfunction, deficiency in 
the production of interleukins are observed, the activity of NK-
cells and the production of interferons are strongly suppressed. 
By its negative effect on T-cells, CMV is second only to the hu-
man immunodeficiency virus (HIV) [5].

In children of early age, primary infection with CMV may 
be asymptomatic, in older children one of the manifestations 
is the development of a mononucleosis-like syndrome. Clini-
cal manifestation of the disease with the possible development 
of extremely severe forms is rare and only in patients with im-
munodeficiency states of acquired (HIV infection, cytostatic 
therapy, immunosuppressive therapy, etc.) or transient nature 
characteristic of newborns and children in the early years of life 
[6]. CMV is one of the causes of congenital malformations and 
fetopathy [7].

In children infected with CMV, changes in the immune re-
sponse are possible, which can affect the course of the under-
lying disease, including Shigellosis. European regional bureau 
of WHO referred to CMV infection as a group of diseases that 
determine the future of infectious diseases [8,9]. CMV has 
multiple mechanisms for immunosuppression and escaping the 
body’s immune response [10].

 Over the past decades, scientists have been studying the mol-
ecules that are formed by cells for intercellular interconnection 
and inter-regulation of their activity. Such molecules are called 
cytokines. Cytokines affect almost all cells that are involved in 
the development of inflammation, including granulocytes, mac-
rophages, fibroblasts, endothelial cells, epithelium cells, T and 
B lymphocytes [11].

The leading place in the development of the inflammatory 
process is played by pro- and anti-inflammatory cytokines, in 
particular, interleukins (IL), which actively influence the prolif-
eration, differentiation, and maturation of T-lymphocytes [12]. 

Interleukin-1 (IL-1) is a factor that supports the proliferation 
of thymocytes and is synthesized by macrophages. IL-1 is a fac-

tor in the activation of growth and maturation of T- and B-lym-
phocytes, NK-cells, fibroblasts, and endothelial cells.

Like IL-1, one of the proinflammatory cytokines is TNF-α. 
It is an autocrine activating factor for monocytes and macro-
phages. In addition to the auto- and paracrine effects of FNP-α, 
it may affect the mechanism of immunoregulators, pyrogenic 
effects of induction of acute phase protein synthesis by hepa-
tocytes.

Interleukin-4 (IL-4) is secreted mainly by T-helpers, but mast 
cells and basophils also synthesize it. Without a doubt, IL-4 sup-
presses the secretion of proinflammatory cytokines (IL-1, IL-6,) 
due to which it has anti-inflammatory activity [13,14].

 It is the imbalance of pro - and anti-inflammatory cyto-
kines in different periods of the development of an infectious 
disease that can create prerequisites for an adverse outcome 
of the disease [15]. Therefore, the study of the cytokine re-
activity of patients with Shigellosis in the dynamics of the 
pathological process depending on the presence or absence of 
concomitant infection in children with CMV is of great sci-
entific importance. These data will expand our understanding 
of some links of the pathogenesis of the disease, it will be the 
basis for predicting the course of Shigellosis. Unfortunately, 
the number of studies on the effect of CMV on the course of 
a bacterial intestinal infection is extremely insignificant, and 
the results are contradictory [16,17].

The purpose of the study is to establish the characteristics of 
the cytokine response of children with Shigellosis and those in-
fected with CMV during different periods of the disease.

Material and methods. The study was conducted on the ba-
sis of the Regional Children’s Infectious Clinical Hospital in 
Kharkov. 63 children aged 4-8 years were under observations, 
who were hospitalized with a diagnosis of Shigellosis moder-
ate form. Patients were divided into two groups. The first group 
consisted of 32 children, patients with Shigellosis (mono-infec-
tion), the second group - 31 children with Shigellosis and CMV 
infection. The comparison groups were the same by sex and 
age (6.75±1.08 and 6.28±1.27 years, respectively, p˃0.05). The 
control group consisted of 20 practically healthy children aged 
7.01±1.21 years, (p>0.05).

The diagnosis of Shigellosis was established on the basis of 
clinical and anamnestic data, bacteriological and serological 
investigation. All children were examined for the presence of 
CMV by ELISA (determination of IgM and IgG antibodies to 
CMV in serum) and determined the presence of CMV by PCR 
in saliva and blood. The patients with comorbidities, immuno-
deficiency, infections with other herpes viruses were excluded 
from the study cohort. Along with generally accepted studies, all 
patients underwent special studies - determination of the level 
of TNF-α, IL-1β and IL-4 serum in the debut of the disease (1-3 
days of illness) and in the early recovery period (7-10 days of 
illness). The results were statistically processed using Excel and 
Statistica 7.0.

Results and their discussion. The results of a compara-
tive analysis of the cytokine status of children of the observa-
tion groups in the acute period of Shigellosis are presented 
in Table 1.
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In the debut of Shigellosis, elevated levels of both pro-inflamma-
tory and anti-inflammatory cytokines were recorded in patients of 
the observation groups. Attention was drawn to the fact that in pa-
tients with mono-infection, an increase in TNF-α, IL-1β, and IL-4 
was likely in comparison to the control group (р<0,05). 

In patients of the second group, only indicators of IL-1β 
significantly increased (р<0,05) no significant increase in the 
content of TNF-α and IL-4 (р˃0,05). Given the leading role of 
cytokines in the development of the inflammatory process, it 
is understandable to increase their levels in the acute period of 
shigellosis in children. Our results are consistent with data from 
other researchers [18,19].

At the same time, different cytokine reactivity of children in 
the acute period of Shigellosis was revealed, which depended 
on the background pathology, namely on the presence of CMV 
infection in children. We determined that in children of the first 
group an increase in the content of TNF-α and IL-4 was more 
significant compared with patients of the second group (р<0,05).  
In our opinion, the results of patients with Shigellosis and those 
infected with CMV may indicate a “breakdown” of the cytokine 
response system, which occurs as a hypocompensation during 
transient immunosuppression. Our results do not coincide with 
the conclusions of individual authors [20], who did not reveal 
any interdependence between the presence of the CMV antigen 
and the state of patients’ immunocompetence, but does not con-
tradict other studies that determined impaired immune response 
in Shigellosis in children with existing herpes viral infection 
[21], as well as in viral diarrhea [22].

The results of a comparative analysis of the indicators of the 
cytokine state of children of the observation groups in the recov-
ery period of Shigellosis are presented in Table 2

By the period of early convalescence in patients of the first 
group there was a decrease in both pro- and anti-inflammatory 
cytokines, the content of which was not significantly different 
from that of the control group (p>0.05). Such results were ob-
tained by other authors [23].

 In children suffering from Shigellosis and infected with 
CMV, a decrease in cytokine levels was also observed, but 
the IL-1β and IL-4 indices still differed significantly from the 
reference values (p<0.05). Comparison of the levels of cyto-
kines of patients in the debut of Shigellosis and in the period 
of early convalescence revealed a considerable decrease in 
their content in children of the first group (p<0.01), while in 
patients of the second group this decrease was not significant 
(р>0,05). In our opinion, the persistence of elevated rates of 
both pro- and anti-inflammatory cytokines in the recovery pe-
riod in children with Shigellosis and CMV infection indicates 
an imbalance in the cytokine response, which may be one 
of the factors leading to the development of an unfavorable 
course of the disease. The results we have identified encour-
age further in-depth studies of the response of the immune 
system of patients with comorbid conditions. Some authors 
have indicated the possibility of prolongation of cytokine 
profile normalization in children with bacterial diarrhea [24], 
suggesting the impact of not only the premorbid background 
but also the severity of the underlying disease.

Thus, the conducted studies revealed different cytokine re-
activity in children with Shigellosis at different periods of the 
disease depending on the presence or absence of CMV infection 
in patients. Violation of the normalization of the cytokine profile 
of patients with Shigellosis on the background of CMV infection 
may be one of the leading factors in the torpid clinical recovery, 
the formation of an unfavorable course of the disease. Such fea-
tures of the cytokine response of patients must be considered at 
the stages of rehabilitation and subsequent follow-up.

Conclusions.
1. The cytokine profile of children with Shigellosis in differ-

ent periods of the diseases depends on the presence of CMV 
infection in children.

2. In the acute period of Shigellosis in children with CMV in-
fection, the levels of IL-1β significantly increase with unreliable 
fluctuations in the indices of TNF-α and IL-4. In children with 

Table 1. The content of blood interleukins in the acute period of Shigellosis (M±m, pkg/ml)

Interleukin
Monitoring groups

The first (n=32) The second (n=31) Control (n=20)

TNF-α 9,85±1,19
р1<0,05; 7,53±1,57 2,69±1,67

IL-1β 16,92±1,04
р1<0,001; р2<0,05

10,82±1,17
р1<0,01; 5,32±1,73

IL-4 7,76±1,14
р1<0,01; р2<0,05 4,67±0,91 2,06±0,94

*notes: p1 - relative to the control group; р2  - between the indicators of the first and second group

Table 2. The content of blood interleukins in convalescence period of Shigellosis, (M±m, pkg/ml)

Interleukin
Monitoring groups

The first (n=32) The second (n=31) Control (n=20)

TNF-α 3,75±1,93 5,91±1,08 2,69±1,67

IL-1β 7,87±1,25 9,37±0,97
р<0,05 5,32±1,73

IL-4 3,76±0,64 4,92±0,89
р<0,05 2,06±0,94

* - probability of sign p  relative to the control group
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Shigellosis without comorbidity, an increase in the content of all 
cytokines is recorded.

3. By the period of early recovery of Shigellosis in children 
with mono-infection, there is a decrease in cytokine levels to 
reference values, and in children with CMV infection, elevated 
IL-1β and IL-4 levels remain, indicating an imbalance in the 
cytokine response.

4. To understand the pathogenetic mechanisms of the devel-
opment of the infectious process in children with Shigellosis and 
infected with CMV, it is necessary to conduct further in-depth 
studies of the immune response.
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SUMMARY

PECULIARITIES OF CYTOKINE RESPONSE IN CHIL-
DREN WITH SHIGELLOSIS AND CONCOMITANT CY-
TOMEGALOVIRUS INFECTION

1Bukiy S., 1Olkhovskaya О., 1Kucherenko O., 1Olkhovsky E., 
2OgienkoV.

1Kharkiv National Medical University; 2Kharkiv Medical Acad-
emy of Postgraduate Education, Ukraine

 
The article presents the results of a comparative analysis of 

the level of interleukins of children with Shigellosis in different 
periods of the disease depending on the presents of CMV-infec-
tion in patients. To achieve the goal, 63 children aged from three 
to eight years old with Shigellosis were examined, who were 
treated at the Regional Children’s Infectious Clinical Hospital 
of Kharkiv, Ukraine. It has been established that the presence 
of CMV in patients with Shigellosis leads to the development 
of cytokine imbalance which persists until the period of early 
convalescence. 

In the acute period of Shigellosis in children with CMV in-
fection, the level of IL-1β significantly increases with unreli-
able fluctuations in the indices of TNF-α and IL-4. In children 
with Shigellosis without comorbidities, an increase in the level 
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of all cytokines is recorded. In children with monoinfection to 
the period of convalescence, a significant dynamics of decrease 
in the levels of all interleukins was observed with their indica-
tors approaching the physiological norm. In case of Shigellosis 
in children with CMV, the content of IL-1β and IL-4 was still 
significantly high.

Violation of the normalization of the cytokine profile of pa-
tients with Shigellosis on the background of CMV infection may 
be one of the leading factors in the torpid clinical recovery, the 
formation of an unfavorable course of the disease. In our opin-
ion, these features of the cytokine response of patients must be 
considered during the period of rehabilitation and follow-up.

Keywords: children, Shigellosis, Cytomegalovirus infection, 
interleukins.

РЕЗЮМЕ

ОСОБЕННОСТИ ФУНКЦИОНИРОВАНИЯ СИСТЕ-
МЫ ЦИТОКИНОВ У ДЕТЕЙ С ШИГЕЛЛЁЗОМ И ЦИ-
ТОМЕГАЛОВИРУСНОЙ ИНФЕКЦИЕЙ  

1Букий С.Н., 1Ольховская О.Н., 1Кучеренко Е.О., 
1Ольховский Е.С., 2Огиенко В.И. 

1Харьковский национальный медицинский университет:  
2Харьковская медицинская академия последипломного об-
разования, Украина

В статье представлены результаты сравнительного анали-
за уровней интерлейкинов у детей с шигеллезом в разные 
периоды заболевания в зависимости от наличия цитомега-
ловирусной (ЦМВ) инфекции.

 Для достижения цели обследованы дети (n=63) с шигелле-
зом, в возрасте 3-8 лет, которые проходили лечение в Област-
ной детской инфекционной клинической больнице г. Харько-
ва. Установлено, что наличие ЦМВ у пациентов с шигеллезом 
приводит к развитию дисбаланса цитокиновой реактивности, 
который сохраняется до периода раннего выздоровления. 

В остром периоде шигеллеза у детей с ЦМВ-инфекцией 
уровень IL-1β значительно возрастает при несущественных 
колебаниях показателей TNF-α и IL-4. У детей с шигеллезом 
без сопутствующей патологии отмечено повышение уров-
ня всех цитокинов, а с моноинфекцией к периоду реконва-
лесценции наблюдалась значительная динамика снижения 
уровня всех интерлейкинов, при этом показатели прибли-
жались к физиологической норме. При шигеллезе показа-
тели содержания ИЛ-1β и ИЛ-4 у детей с ЦМВ оставались 
значительно высокими.

Нарушение нормализации цитокинового профиля у боль-
ных шигеллезом на фоне ЦМВ-инфекции, по всей вероят-
ности, является одним из ведущих факторов торпидного 
клинического выздоровления, формирования неблагопри-

ятного течения болезни. По мнению авторов, указанные 
особенности цитокинового ответа пациентов необходимо 
учитывать при реабилитации и диспансерном наблюдении.

reziume

citokinebis sistemis funqcionirebis Tavise-
burebani SigeloziT da citomegalovirusis in-
feqciiT daavadebul bavSvebSi

1s.buki, 1o.olxovskaia, 1e.kuCerenko, 1e.olxovski, 
2v.ogienko

1xarkovis erovnuli samedicino universiteti; 
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statiaSi warmodgenilia interleikinebis donis 
SedarebiTi analizis Sedegebi bavSvebSi Sigelo-
ziT daavadebis sxvadasxva periodSi da citomega-
lovirusis infeqciis arsebobis pirobebSi.
dakvirvebis qveS imyofeboda 3-8 wlis asakis 

63 bavSvi SigeloziT, romlebic mkurnalobdnen 
q. xarkovis bavSvTa infeqciur klinikur saavad-
myofoSi. dadgenilia, rom citomegalovirusis 
infeqciis arseboba SigeloziT daavadebul bavS-
vebSi iwvevs citokinuri reaqtivobis disbalan-
sis ganviTarebas, romelic grZeldeba adreul 
gamojanmrTelebamde. Sigelozis mwvave peri-
odSi citomegalovirusis infeqciiT bavSvebSi 
IL-1β done mniSvnelovnad izrdeba, TNF-α da IL-4 
maCveneblebis umniSvnelo meryeobis pirobebSi. 
bavSvebSi SigeloziT da TandarTuli paTolo-
giis gareSe aRiniSneba yvela citokinebis donis 
mateba, xolo rekonvalescenciis periodisaTvis 
yvela interleikinebis donis daqveiTebis mniS-
vnelovani dinamika, maCveneblebis fiziologiur 
normasTan daaxloebiT. bavSvebSi SigeloziT da 
citomegalovirusis infeqciiT IL-1β da IL-4 Semc-
veloba rCeboda mniSvnelovnad maRal maCveneb-
lebze.
savaraudoa, rom citokinebis profilis norma-

lizaciis darRveva SigeloziT avadmyof bavSveb-
Si citomegalovirusis infeqciis fonze warmoad-
gens torpiduli klinikuri gamojanmrTelebis 
da daavadebis arakeTlsasurveli mimdinareobis 
formirebis erT-erT wamyvan faqtors. Catarebu-
li kvlevis Sedegebze dayrdnobiT avtorebis 
mier gamotanilia daskvna imis Sesaxeb, rom pa-
cientebis citokinuri pasuxis Taviseburebani 
aucilebelia gaTvaliswinebuli iyos reabili-
taciisa da dispanseruli dakvirvebis periodSi.


