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 ABSTRACT 

The analysis of the cellular immune response indicators in shigellosis 
in 90 children aged four to ten years infected with cytomegolovirus. It 
was found that in the acute period of the disease in children with mixed 
infection, the content of CD3 +, CD4 + and CD8 + cells of peripheral 
blood decreases, and by the period of early reconvalescence, the full 
recovery of cellular immunity indicators in these children does not 
occur. The revealed features of cellular immunity in shigellosis in 
children infected with CMV may be the cause of an unfavorable course 
of the disease and require further research. 
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Despite the achievements of the medical industry in reducing the incidence of intestinal 

infections in Ukraine [1, 2], shigellosis remains one of the most common bacterial infections, 
especially among children, sometimes causing outbreaks of this disease [3]. Based on the pathogenesis 
of shigellosis, both extracellular and intracellular location of the pathogen is possible. Bacteria and 
lipopolysaccharides of their cell membranes are one of the starting factors for the development of the 
inflammatory process, the course of which largely depends on the body's protective reaction - both 
specific and non-specific links. In the process of sanogenesis, one of the leading places is occupied by 
the activation of cellular and humoral links of the immune response [4, 5], which plays a leading role 
in recognizing an indefinitely large number of various antigen molecules and implementing their 
subsequent destruction and elimination from the body [6]. 

The effective functioning of the immune system is due to the balance of regulatory cytokines, 
which are responsible for the balance of Th1 and Th2 links. The study of lymphocyte subpopulations 
allows us to characterize the state of the cellular link of the immune response, which occurs with the 
help of antigen-specific identification receptors of lymphocytes [7]. CD cells become functionally 
active as a result of interaction of TCR with the antigen complex and the MNS class I molecule on the 
surface of the infected target cell [8]. 

Many studies have been conducted on the state of the immune response in shigellosis. Thus, 
the immunosuppressive activity of Shigella has been proven in experimental infection of both animals 
and humans [9,10]. Other scientists claim that the inhibition of CD8 + cytotoxic response is not 
associated with Shigella secretion products [11, 12]. The obtained research results are often 
contradictory and require further study. 
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The state and functional activity of the immune system of a child's body can be influenced by 
many different factors, including infection of children with herpes viruses, primarily cytomegalovirus 
(CMV). Infection occurs mainly during the first three years of a child's life and may be accompanied by 
virus damage to the lymphatic systems and immune cells [13]. Long-term persistence of herpes viruses in 
the human body can lead to violations of the normal functioning of the immune system, which can affect 
the course of the underlying disease, including shigellosis. However, in the sources available to us, we have 
not found studies on the state of the immune response in shigellosis in children infected with CMV. 

The aim of this research is to study the features of the immune response in shigellosis of 
children infected with CMV. 

Research materials and methods. The study was conducted on the basis of the Regional 
children's infectious diseases clinical hospital in Kharkiv. We examined 90 children aged four to ten years 
with shigellosis, who were divided into two groups, comparable in age and gender (p > 0.05). The first 
group consisted of 48 children with shigellosis without co-infection with viruses (monoinfection), whose 
average age was 8.21 ± 1.74 years. The second group included 42 patients with shigellosis on the 
background of persistent inactive CMV infection (the average age of children was 7.87 ± 2.05 years). All 
children were treated in accordance with approved current clinical protocols. The control group consisted 
of 20 practically healthy children (average age 7.21 ± 1.22 years). 

The diagnosis of shigellosis was established in accordance with ICD-10, taking into account 
clinical and anamnestic data, bacteriological, virological and serological studies. All children were 
examined for CMV by ELISA (determination of IgM and IgG antibodies to CMV in blood serum). 
The presence of CMV in saliva and blood was also determined by PCR. The condition for exclusion 
from the cohort of the study was the detection of markers of other herpes viruses in patients (Epstein-
Barr virus, herpes virus type 6), the presence of concomitant pathology, and the state of 
immunodeficiency. Along with conventional studies, the levels of populations and subpopulations of 
peripheral blood lymphocytes were determined by indirect immunofluorescence using monoclonal 
antibodies to the surface antigens of CD3+, CD4+, CD8+, and CD19 +-lymphocytes. Static processing 
of the obtained results was performed using computer programs Excel and Statistica 6.0. 

Results of the study and their discussion. In the dynamics of shigellosis (acute period is 1-2 
day of the disease and the period of convalescence – 7-10 day) was determined as the cell component 
of the immune response in children with mono-infection and against the infections of patients with 
CMV. Indicators of the main subpopulations of lymphocytes in children of observation groups in 
different periods of shigellosis are shown in the table. 

Table 1. Indicators of cellular immunity of children with shigellosis, (M ± m) 

Indicator Period First group Second group Control 

CD 3+, % acute 55,63±1,051,2 52,24±0,831 61,42±1,23 reconvalescences 60,58±0,572 56,11±0,871 

CD 4+, % acute 31,46±1,121,2 26,84±1,061 37,31±0,72 reconvalescences 36,95±0,482 33,53±1,091 

CD 8+, % acute 24,64±0,972 18,81±0,961 26,83±0,54 reconvalescences 26,72±0,642 23,48±0,411 

CD 16+, % acute 25,52±0,571,2 23,25±0,551 16,38±0,72 reconvalescences 20,07±1,531 19,15±0,681 

CD 22+, % acute 25,18±0,642 22,43±1,08 23,54±0,62 reconvalescences 26,49±1,051,2 23,57±0,39 
Notes: 1 – probability of a sign to control;  
2 – probability of a trait between observation groups. 
 
In the debut of shigellosis in patients of the observation groups, a decrease in the content of CD3+ 

and CD4+ blood lymphocytes was determined, which indicated the suppression of the cellular link of the 
immune response, while the most pronounced changes were observed in patients of the second group 
(p ˂ 0.001). In children infected with CMV, the concentration of CD8 + cells was also significantly low 
(t = 7.58; p ˂ 0.001), while in patients with monoinfection, CD8 + levels did not differ significantly from 
the control data (t = 1.97; p ˂ 0.05). Our results do not contradict the data of other studies, which indicated 
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a transient inhibition of cellular immunity in patients infected with CMV, with various pathologies [14, 15]. 
But these studies were conducted mainly in adults with respiratory tract inflammation, joint diseases, and 
others. There are studies of cellular immunity in children with shigellosis, in which there is a violation of 
the regulation of the immune response by cell type [16]. However, these studies were conducted in young 
children without specifying the etiological factor of herpes virus infection. 

We found a significant increase in the content of CD 16 + lymphocytes, the most pronounced 
in patients with monoinfection, which differed not only from the control values (t = 9.95; p ˂ 0.001), 
but also from the indicators of children of the second group (t = 2,87; p ˂ 0.05). The latter fact, in our 
opinion, indicates a significant activation of natural killers, which contribute to the sanation of the 
body in bacterial infections [16]. Unfortunately, when children are infected with CMV, these 
processes can be disrupted. The study of the state of the cellular immune response in intestinal 
infections is relevant, given the revealed influence of immunosuppression on the intestinal 
microbiocenosis, the risk of developing bloodstream infections [17]. 

In patients with shigellosis, the dynamics of the disease increases the level of CD 22 + 
lymphocytes, which indirectly reflects the activation of the humoral link of the immune response and 
contributes to recovery. Children of the first group showed significantly higher CD 22 + cell counts 
compared to patients of the second group both in the acute period of the disease (t = 2.19; p ˂ 0.05) 
and at the stage of early reconvalescence (t = 2.61; p ˂ 0.05). Insignificant changes in the 
concentration of CD 22 + lymphocytes in patients of the second group, whose indicators, although 
increased in the dynamics of the disease, did not differ significantly compared to the control in the 
acute period (t = 0.89; p ˂ 0.05), and in the period of reconvalescence (t = 0.04; p ˂ 0.05), drew 
attention to themselves. The effect of CMV on the cellular link of the immune response was 
determined by other authors. Our data do not match the results of L. V. Moroz et al. (2018), who 
found inhibition of the humoral link of the immune response in patients infected with CMV, but the 
study was conducted in adults with extra-hospital pneumonia without taking into account its 
etiological factor. [18]. In our study, we did not find a significant decrease in the content of CD 22 + 
lymphocytes, which can be explained by the stress in the work of humoral immunity against the 
background of a transient decrease in the concentration of cellular immune response indicators. Such 
changes are adaptive, but can lead to rapid disruption of adaptation responses. 

In the period of early reconvalescence, we revealed significant dynamics of CD3 +, CD4 + 
and CD16 + lymphocyte indices (p ˂ 0.01) in patients of the first group: the indicators of CD3 +, 
CD4 + and CD8 + in patients of the first group approached the control data (p ˂ 0.05), which indicated 
the restoration of cellular immunity. We did not find significant differences in the dynamics of other 
indicators in patients of the first group. 

In patients of the second group, significant changes in all indicators in the dynamics of 
shigellosis were registered. The most pronounced changes were in relation to CD16 + (t = 4.68, 
р ˂ 0.001), CD8+ (t = 4.47, р ˂ 0.001) and CD4 + (t = 4.40, р ˂ 0.001).At the same time, in the period 
of reconvalescence in patients of the second group, the indicators of CD3 +, CD4 + and CD8 + 
remained significantly lower than those of the control group(р ˂ 0,01), which indicated the 
preservation of transient immunodeficiency. Despite the decrease in CD16 + indicators in patients of 
both groups in the dynamics of shigellosis, these indicators still remained elevated compared to the 
control group (р ˂ 0,05). 

The revealed violations of the regulation of the immune response by cell type in children with 
shigellosis against the background of CMV infection is one of the factors that can contribute to the 
wave-like, unfavorable course of the disease, the layering of secondary infection. 

Conclusions. 
1. CMV infection in children with shigellosis significantly affects the cellular level of the 

immune response. 
2. The acute course of shigellosis in children is accompanied by a decrease in the content of 

CD3 +, CD4 + and CD8 + cells of the peripheral blood, the most pronounced changes occur in the 
conditions of infection of CMV patients. 

3. During the period of early reconvalescence, CMV infected children do not fully recover 
their cellular immunity indicators. 

4. The revealed disorders in the immune system of shigellosis patients and CMV-infected 
children may be the cause of an unfavorable course of the disease and require further research. 
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