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The basis for conducting the study was the absence in the scientific literature of works devoted to the study of clinical and immunological  
features of rotavirus infection (RVI) in children against the background of the latent form of herpesvirus infection (lHVI) caused by cytomegalovirus 
(CMV) and human herpesvirus type 6 (HHV-6).
The aim — to identify clinical and immunological features of RVI in children with lHVI caused by CMV and HHV-6 that will contribute  
to the early diagnosis of lHVI in patients.
Materials and methods. A total of 81 children aged 12–36 months with RVI were examined. The Group 1 included 33 children who were not 
found to be infected with any of the herpesviruses. The Group 2 included 17 children who were suffering from RVI against the background of lHVI 
caused by CMV. The Group 3 included 31 children suffering from RVI against the background of lHVI caused by HHV-6 type. Statistical processing  
of the results was carried out using the IBM® SPSS® 25.0 program for Microsoft® Windows®.
The results. The presence of lHVI caused by CMV in the acute period (AP) of RVI leads to lower indicators of temperature reaction, lower 
frequency of vomiting, a decrease in the immunoregulatory index (IRI) against the background of an increase in the level of CD8+ T-lymphocytes. 
In addition to lower numbers of the temperature reaction, the level of IgA was increased in children with lHVI caused by HHV-6. During  
the convalescent period (CP), CMV is associated with an increase in the duration of fever and diarrhea, an increased content of CD8+ T-cell 
counts, and lower IRI, CD16+, CD22+ T-cells, and IgM scores. In patients with lHVI caused by HHV-6, fever, diarrhea, and catarrhal syndrome 
persisted longer against the background of reduced levels of IRI, CD22+ T cells, and IgM.
Conclusions. lHVI is caused by CMV and HHV-6, it has different effects on clinical and immune indicators in children with RVI.
The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local 
Ethics Committee of the institution indicated in the work. The informed consent of the patient was obtained for conducting the studies.
No conflict of interests was declared by the authors.
Keywords: rotavirus infection, cytomegalovirus, human herpesvirus type 6, cellular link of the immune response, humoral link of the immune 
response.

Клініко-імунологічні особливості ротавірусної інфекції у дітей, 
інфікованих герпесвірусами
М.Ю. Слєпченко, О.М. Ольховська, Я.В. Колесник, А.В. Гаврилов
Харківський національний медичний університет, Україна

Підґрунтям для проведення дослідження стала відсутність у науковій літературі робіт, присвячених вивченню клініко-імунологічних  
особливостей ротавірусної інфекції (РВІ) у дітей на тлі латентної форми герпесвірусної інфекції (лГВІ), обумовленої цитомегаловірусом 
(ЦМВ) та вірусом герпесу людини 6 типу (ВГЛ-6).
Мета — виявити клініко-імунологічні особливості РВІ у дітей із лГВІ, обумовленою ЦМВ та ВГЧ-6, що сприятиме ранній діагностиці 
лГВІ у пацієнтів.
Матеріали та методи. Обстежено 81 дитину віком 12–36 місяців хвору на РВІ. 1 група — 33 дитини, у котрих не виявили інфіку-
вання жодним із вірусів групи герпесу. 2 група — 17 дітей, які переносили РВІ на тлі лГВІ, обумовленої ЦМВ. 3 група — 31 дитина,  
що переносила РВІ на тлі лГВІ, обумовленої ВГЛ-6 типу. Статистичну обробку результатів проведено за допомогою  
програми IBM® SPSS® 25.0 для Microsoft® Windows®.
Результати. Наявність лГВІ, обумовленої ЦМВ, у гострому періоді (ГП) РВІ призводить до нижчих показників температурної реакції, 
меншої кратності блювоти, зниженню показника імунорегуляторного індексу (ІРІ) на тлі збільшення рівня CD8+ Т-лімфоцитів. У дітей  
із лГВІ, обумовленою ВГЛ-6, окрім нижчих цифр температурної реакції, був підвищений рівень IgА. У період реконвалесценції (ПР) 
ЦМВ асоціюється зі збільшенням тривалості лихоманки та діареї, підвищеним вмістом CD8+ Т-клітин та нижчими показниками ІРІ, 
вмісту СD16+, CD22+ Т-клітин і IgM. У пацієнтів із лГВІ, обумовленою ВГЛ-6, довше зберігались лихоманка, діарея та катаральний  
синдром на тлі зниженого рівня ІРІ, CD22+ Т-клітин і IgM.
Висновки. лГВІ обумовлена ЦМВ та ВГЛ-6, по-різному впливає на клінічні та імунні показники в дітей із РВІ. 
Дослідження виконано відповідно до принципів Гельсінської декларації. Протокол дослідження ухвалений Локальним етичним коміте-
том зазначених установ. На проведення досліджень отримано інформовану згоду батьків дітей.
Автори заявляють про відсутність конфлікту інтересів.
Ключові слова: ротавірусна інфекція, цитомегаловірус, вірус герпесу людини 6 типу, клітинна ланка імунної відповіді, гуморальна 
ланка імунної відповіді.

Introduction

According to WHO data, rotavirus infection 
(RVI) remains one of the most frequent 

causes of diarrhea in young children, which leads 
to hospitalization [2,8]. Due to the widespread use  
of the vaccine for the prevention of RVI, the number 

of deaths has decreased, but the high incidence  
of rotavirus gastroenteritis prompts further 
research into this pathology and the search for 
factors that affect the course of RVI.

Another global problem of the healthcare 
system is herpesvirus infection, which is pantropic 
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and after the first infection causes lifelong latency 
of the virus in the host's body [3,11,14,20].  
Many scientists investigate the effect of 
herpesviruses on the immune response  
and the course of other infectious and somatic 
diseases, but their conclusions are sometimes 
contradictory. Some scientists discovered the 
immunosuppressive effect of latent herpesvirus 
infection (lHVI) on the immune response of 
the human body and observed a worsening 
of the accompanying disease, while others —  
on the contrary, point to the immunostimulating 
effect of viruses of the herpes group [3,13,18]. 
According to some authors, slightly lower levels 
of CD 3+, CD 4+, CD 16+ T-cells were found in 
patients with viral intestinal infections occurring 
against the background of the latent form of infec-
tion caused by CMV than in uninfected patients 
[4]. However other researchers, on the contrary, 
indicate the increased activity of CD8+ T cells 
and describe the positive effect of the latent form 
of CMV infection on the immune response [22].  
The ability of CMV to worsen and prolong the 
course of intestinal diseases was revealed [4,22,14].

Conclusions regarding the pathogenetic fea-
tures of the HSV-6 type are also ambiguous, 
the study of this issue is ongoing. Some authors 
call this virus immunosuppressive, others — 
immunomodulating [24,16]. HHV-6 replicates in 
various types of immune cells, mainly in CD4+T 
cells, can multiply in monocytes, macrophages, 
CD3+, CD5+, CD7+ lymphocytes and natural 
killer cells, megakaryocytes and B-lymphocytes, 
changing their functional activity and quantitative 
content [1,13,16]. Solène Fastenackels et al. (2019) 
found that the response of specific T-lymphocytes 
to HHV-6 is less pronounced than the response 
of the corresponding lymphocytes to CMV. Thus,  
INF-g-secreting CD4+ T-cells correspond-
ing to HHV-6 constitute less than 0.1% of the 
total population of CD4+ T-cells, in contrast  
to CMV-specific CD4+ cells, the level of which  
is from 2% to 6% of the total number of 
T-lymphocytes [10]. Some scientists identify 
a connection between HHV-6 and CMV with 
FIRES syndrome (fever-induced refractory 
epileptic encephalopathy in school-aged children) 
and consider the long-term subfebrile syndrome 
as a variant of lHVI [21]. Scientists from 
Finland (2012), investigating the role of lHVIs  
in the pathogenesis of intestinal intussusception, 
found that in 85% of cases of intussusception, 
a viral infection occurred. Among all cases  

of intussusception, HHV-6 was detected  
in 45%, and CMV — in 13% of patients [15]. A 
team from the University of Pittsburgh (2018) 
studied the role of viruses in the development  
of different types of oncology and found that  
HHV-6 type was identified in 3.9% of gastric 
cancer and 4.7% of colon cancer samples but was  
not detected in any of the control samples of nor-
mal stomach or colon [7].

The analysis of modern research gives reason  
to believe that infection with CMV and  
HHV-6 type are factors that affect the body's 
immune response and can change the course 
of infectious and somatic diseases, including 
RVI [22,13,18,24]. The absence in the available 
literature of works devoted to the study of clinical 
and immunological features of RVI in children 
against the background of a latent form of lHVI 
caused by CMV and HHV-6 type became the 
basis for conducting this study. The obtained 
results will be the basis for early detection of latent 
lHVI in children with RVI and will determine the 
possibilities of improving the therapy of patients. 

The aim — to identify clinical and immuno-
logical features of RVI in children with lHVI 
caused by CMV and HHV-6 that will contribute  
to the early diagnosis of lHVI in patients.

Materials and methods of the study
The study was conducted at the Regional 

Children's Infectious Clinical Hospital in 
Kharkiv, Ukraine, during 2017–2020. In total, 
81 children aged 12 to 36 months with RVI were 
examined. Patients were divided into three groups:  
the Group 1 — 33 children suffering from 
rotavirus gastroenteritis without co-infection 
of herpesviruses; the Group 2 — 17 children 
suffering from RVI against the background  
of CMV co-infection; the Group 3 — 31 children 
suffering from rotavirus gastroenteritis against 
the background of HHV-6 type infection. 
When forming groups, inclusion (age of children 
from 12 to 36 months, laboratory-confirmed 
diagnosis of RVI, positive result for specific IgG 
to CMV and HHV-6 type, presence of parents’ 
informed consent to participate in the study, lack  
of immunodeficiency), and exclusion criteria (age 
of children under 12 months or over 36 months, 
the presence of the positive result for bacterial 
and other viral pathogens of intestinal infections,  
the presence of IgM and/or IgG specific antibodies 
to other viruses of the herpes group, a positive 
result of qualitative PCR for DNA determination 
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of CMV and HHV-6 type, and the presence  
of background pathology) were used. The study 
groups were comparable in terms of sex, age,  
and disease severity.

The Group 1 included 15 (45.5%) girls and  
18 (54.5%) boys; the Group 2 included  
11 (64.7%) girls and 6 (35.3%) boys; the Group 3 — 
16 (51.6%) girls and 15 (48.4%) boys (χ2=1.247, 
p=0.526). The median age criteria in the Group 1 
is 23.0 (19.0; 26.0) months, the Group 2 —  
24.0 (20.5; 32.5) months, the Group 3 — 24.0 (15.0; 
31.0) months, p=0.186. The moderate course of RVI 
was diagnosed in 15 (45.5%) children of the Group 
1, 11 (64.7%) of the Group 2, and 16 (51.76%)  
of the Group 3. 18 (54.50%) patients of Group 1, 6 
(35.3%) of the Group 2, and 15 (48.4%) of Group 3 
had a severe course of RVI, c2=1.453, p=0.572.

The diagnosis of RVI was deter- 
mined on the basis of clinical and  
epidemiological data and the isolation of 
rotavirus antigen from the feces of patients 
using CITO TEST ROTA-ADENO test 
systems (immunochromatographic method) 
(LLC «Pharmasco», Ukraine). The latent  
form of lHVI was established based on the positive 
results of the blood serum test at the debut  
of an intestinal infection for specific IgG 
antibodies to CMV and HHV-6 type by enzyme-
linked immunosorbent assay (ELISA) («Vector-
Best» Ukraine reagent kit). The presence of 
specific immunoglobulins of class M to CMV and  
HHV-6, immunoglobulins of class M and G 
to herpes simplex type 1, 2 and Epstein–Barr 
virus, as well as the presence of nucleic acid  
to herpesviruses of types 1, 2, 4, 5, 6, which were 
determined using the polymerase chain reaction 
(PCR) («Amplisens» reagent kit, Ukraine).

All patients in the acute period (AP)  
(1–3 days) and the period of early convalescence 
(7–10 days) along with generally accepted 
laboratory tests, special immunological tests  
were performed: studying the state of the cellular 
link of the immune response (levels of CD3+, 
CD4+, CD8+, CD16+, CD22+ in the blood, 
using the method of monoclonal antibodies 
«GRANUM», Ukraine) and the humoral link 
of immunity (the content of IgM, IgA, IgG  
in the blood serum using a two-site immunoassay 
(the sandwich method) («GRANUM», Ukraine). 
The immunoregulatory index (IRI) was calculated 
based on the ratio CD4+/CD8+.

Qualitative (binomial, ordinal, nominal) 
indicators were described in absolute and relative 

(percentage) values. The result was given  
in the form of «abs. (%)». 

The comparison of the relationship of the 
frequency distribution of qualitative features was 
carried out using the calculation of Pearson's  
c2 conjugation criterion.

The nature of the distribution of quantitative 
traits was assessed by the visual graphical 
method and using the Shapiro–Wilk test  
of normality. Since the evaluation of the indicators 
established significant differences from the 
normal nature of the distribution, non-parametric 
statistical methods were used in the calculations. 
Quantitative values are given as the median (Me) 
and the lower (LQ) and upper (UQ) quartiles. The 
probability of differences in quantitative indicators 
in two unrelated groups was determined using the 
Mann–Whitney U-test. The critical value of p was 
considered to be 0.05. Statistical processing of the 
results was performed using the IBM SPSS 25.0® 
for Windows® (Trial version) application program 
package. There is no conflict of interest.

The clinical and paraclinical indicators  
of children not infected with herpes viruses  
(Group 1) were used as a control. Taking into ac-
count the number of comparisons, we applied 
the Bonferroni correction. The established 
confidence level «p» was divided by the number 
of comparisons (the Groups 1 and 2, 1 and 3, 2  
and 3 — 3 comparisons = 0.05/3 = 0.017). 
Therefore, in this article, p-values above 0.017 are 
considered unreliable.

The research meets the requirements of the 
Declaration of Helsinki. Examinations of patients 
were performed with the written informed 
consent of the parents. The Committee on Ethics 
and Bioethics of the Kharkiv National Medical 
University (protocol No. 7 of September 11, 2018) 
found that the research methods comply with  
the current legislation of Ukraine and international 
ethical requirements, do not violate ethical norms 
in science and standards for conducting biomedical 
research.

Research results and discussion
In the course of the study, we analyzed 

the clinical manifestations of RVI in chil- 
dren depending on infection with various 
herpesviruses.

According to the data in the Table 1, no  
significant differences were found among the 
comparison groups between the indicators of the 
time of occurrence of fever, catarrhal phenome-
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na, vomiting and diarrhea, as well as the duration  
of vomiting, diarrhea and catarrhal phenomena.

It was found that in patients of the Groups 2  
and 3, the maximum values of temperature reac-
tion (p1–2=0.004, p1–3<0.001) were significantly  
lower than similar indicators in patients  
in the Group 1. At the same time, the duration of fe-
ver in them was significantly longer (p1–2,1–3<0.001)  
in comparison with patients of the Group 1. 
The duration of the catarrhal syndrome during 
the course of the disease was longer in children  
of the Group 3 compared to patients who were not  
infected with herpesviruses (p1–3=0.004). Only 
in the Group 2, the frequency of vomiting 
was significantly lower compared to patients  

in the Group 1 (p1–2=0.009). At the same time,  
there were no significant differences between  
the comparison groups in terms of the time  
of onset and duration of vomiting. Diar-
rhea syndrome manifested itself in all patients  
on the 1st–2nd day of the disease; there were no 
differences in the frequency of defecation in unin-
fected and infected with different herpesviruses.  
At the same time, the duration of diarrhea in pa-
tients of the Groups 2 and 3 was significantly lon-
ger compared to the indicators of children who were 
not infected with herpes viruses (p1–2,1–3<0.001).

The results of the immunological examination 
of patients in the observation groups in different 
periods of RVI are given in Tables 2 and 3.

Table 1
Indicators of clinical manifestations of RVI in children of comparison groups, Me (LQ; UQ)

Table 2
Indicators of the immune response of patients in the AP of RVI, Me (LQ; UQ)

Indicator
Group 1 

(mono-RVI)
(n=33)

Group 2
(CMV)
(n=17)

Group 3
(HHV-6)
(n=31)

p1–2 p1–3 p2–3

The term of onset of temperature, days 1.0 (1.0;2.0) 2.0 (1.0;2.0) 1.0 (1.0;2.0) 0.134 0.959 0.148

Maximum temperature, °C 38.9 
(38.8;39.2)

38.6
(38.3; 39.0)

38.7
(38.5; 38.8) 0.004 <0.001 0.703

Duration of fever, days 4.0 (3.0; 4.5) 6.0 (5.0; 7.0) 6.0(4.5; 6.5) <0.001 <0.001 0.479
The term of occurrence of catarrhal 
phenomena, days 1.0 (1.0;1.0) 1.0 (1.0;1.0) 1.0 (1.0;1.0) 0.074 0.332 0.067

Duration of catarrhal syndrome, days 3.0 (3.0;4.0) 4.0 (3.0;4.0) 4.0 (3.0;4.0) 0.234 0.004 0.377
The term of onset of vomiting, days 2.0 (1.0;2.0) 2.0 (1.0;2.0) 1.0 (1.0;2.0) 0.874 0.267 0.363
Max frequency of vomiting times/day 4.0 (3.0;5.0) 2.0 (2.0;3.5) 3.0 (2.0;4.0) 0.009 0.019 0.359
Duration of vomiting, days 1.0 (1.0;2.0) 1.0 (1.0;1.0) 1.0 (1.0;2.0) 0.099 0.932 0.148
The term of onset of diarrheal syndrome, days 2.0(1.0;2.0) 2.0 (1.0;2.0) 1.0 (1.0;2.0) 0.209 0.450 0.103
Frequency of diarrhea, times/day 5.0 (4.5;6.0) 5.0 (4.5;6.0) 6.0 (4.0;7.0) 0.717 0.560 0.415
Duration of diarrhea, days 3.0 (3.0;4.0) 5.0 (4.0;6.0) 5.0 (4.0;5.0) <0.001 <0.001 0.544

Note: p1–2 — between indicators of patients of the Groups 1 and 2; р1–3 — between indicators of patients of the Groups 1 and 3; p2–3 — between indicators of 
patients of the Groups 2 and 3.

Note: p1–2 — between indicators of patients of the Groups 1 and 2; р1–3 — between indicators of patients of the Groups 1 and 3; p2–3 — between indicators of 
patients of the Groups 2 and 3.

Indicator
Group 1

(mono-RVI)
(n=33)

Group 2
(CMV)
(n=17)

Group 3
(HHV-6)
(n=31)

p1–2 р1–3 р2–3

Lymphocytes, abs 5.2 (3.4;6.5) 5.4 (4.2;6.3) 4.9 (3.9;6.5) 0.774 0.863 0.690
CD 3+, % 59.0 (55.5;66.0) 60.0 (56.0;65.5) 62.0 (57.5;67.0) 0.951 0.142 0.305
CD 3+, ×109/l 3.2 (2.2;3.8) 3.3 (2.3;3.8) 3.2 (2.4;3.9) 0.759 0.930 0.897
CD 4+, % 28.0  (25.0;32.5) 30.0;(28.0;31.5) 30.0 (28.5;34.0) 0.289 0.043 0.463
CD 4+, ×109/l 1.5 (1.0;1.8) 1.4 (1.3;1.8) 1.6 (1.1;1.9) 0.660 0.472 0.983
CD 8+, % 24.0 (22.0;25.5) 30.0 (27.5;30.0) 26.0 (24.5;30.0) <0.001 0.002 0.015
CD 8+, ×109/l 1.1 (0.7;1.5) 1.5 (1.2;1.8) 1.4 (0.9;1.7) 0.024 0.390 0.276
CD 4/CD 8 (IRI) 1.2 (1.0;1.3) 1.0 (0.9;1.1) 1.1 (1.0;1.2) <0.001 0.142 0.005
CD 16+, % 25.0 (22.0;28.5) 23.0  (21.0;24.5) 25.0(22.5;29.0) 0.054 0.943 0.047
CD 16+, abs. 1.2 (1.0;1.6) 1.1 (0.9;1.4) 1.2 (0.9;1.6) 0.373 0.528 0.698
CD 22+, % 21.0 (19.0;23.0) 22.0 (19.5;26.5) 21.0 (19.0;27.0) 0.289 0.435 0.766
CD22+,×109/l 1.1 (0.7;1.3) 1.1 (1.0;1.3) 1.1 (0.8;1.3) 0.264 0.732 0.525
Ig A, g/l 0.4 (0.3;0.5) 0.3 (0.2;0.4) 0.5 (0.4;0.6) 0.290 <0.001 0.001
Ig M, g/l 0.7 (0.6;0.9) 0.7 (0.6;0.8) 0.6 (0.6;0.7) 0.966 0.068 0.061
Ig G, g/l 8.0 (7.3;8.3) 8.0 (7.1;8.8) 8.1 (7.2;8.5) 0.738 0.494 0.752
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In the AP of RVI, no significant differences  
were found between indicators of lymphocyte 
content, percentage and absolute content  
of CD 3+, CD 4+ CD 16+, CD 22+ and absolute 
content of CD 8+ T cells, as well as the levels of 
IgM and IgG of the observation groups (Table 2). 
In all patients with background lHVI, the relative 
content of CD 8+ T-lymphocytes is significantly 
higher compared to children of the Group 1  
(p1–2<0.001, p1–3=0.002). At the same time, 
in patients who are infected with HHV-6 type 
(Group 3), it was determined that the CD 8+ cell 
content was significantly lower in children infected 
with CMV (Group 2) (p2–3=0.015). Significant 
differences were determined according to the IRI 
indicator in children of 2 groups: IRI was reliably 
low incompared to the Group 1 (p1–2<0.001),  
as well as to the index of patients of the Group 3 
(p2–3=0.005) [19].

The study of the humoral link of the immune 
response in patients infected with HHV-6  
(Group 3) revealed the highest median indicators 
of IgA content, which significantly prevailed over 
similar indicators of patients from the Groups 1 
and 2 (p1–3<0.001, p2–3=0.001).

In the period of early convalescence,  
the percentage and absolute content indicators 
CD 3+, CD 4+, and absolute content  
of CD 16+, CD 22+ and levels of IgA and IgG 
had no significant differences among the children  
of the comparison groups (Table 3).

Significantly higher indicators of the relative 
content of CD 8+ cells were recorded in patients of 
the Group 2, not only in relation to the indicators  

of children in the Group 1 but also in comparison  
with the indicators of the Group 3 (p1–2<0.001, 
p2–3=0.001). The absolute content of CD 8+ 
lymphocyte count of children in the Group 
2 was significantly higher than the CD 8+ 
content of patients in the Group 1 (p1–2=0.001).  
The IRI indicators in children of the Group 2  
and 3 were significantly lower than in patients of 
Group 1 (p1–2<0.001, p1–3=0.008). At the same 
time, the IRI levels in the patients of the Group 2 
were significantly lower compared to the indicators 
in the children of the Group 3 (p2–3<0.001).  
Also, in children of the Group 2, there is a decrease 
in the relative content of CD16+ T-lymphocytes 
compared to patients of the Group 1 (p1–2=0.003).

In the period of early convalescence in patients 
with a background infection of CMV (Group 2)  
and HHV-6 type (Group 3), significantly lower 
values of the median content of CD 22+ cells (p1–

2=0.009 and p1–3<0.001) and IgM (p1–2, p1–3<0.001) 
were established compared to the values of patients 
of the Group 1 (mono-RVI).

The obtained results indicate that rotavirus 
gastroenteritis in young children is a life-threat-
ening infection that preserves inherent 
clinical symptoms and is characterized by  
a severe course. According to O.V. Usachova 
(2020), in the Zaporizhzhia region, RVI in 
children aged 12 to 24 months had a severe course  
in most (70.2%) cases, which is consistent with 
our data on the severity of the disease in children  
with RVI as a monoinfection, although  
the percentage was somewhat lower (54.50%) 
[8,23]. Presumably, this difference is due  

Table 3
Indicators of the immune response of patients in the period of early convalescence of RVI, Me (LQ; UQ)

Note: p1–2 — between indicators of patients of the Groups 1 and 2; р1–3 — between indicators of patients of the Groups 1 and 3; p2–3 — between indicators of 
patients of the Groups 2 and 3.

Indicator
(%, abs×109/l)

Group 1
(mono-RVI)

(n=33)

Group 2
(CMV)
(n=17)

Group 3
(HHV-6)
(n=31)

p1-2 р1-3 р2-3

Lymph., abs. 3.5 (2.9;3.9) 4.1 (3.4;5.3) 3.4 (2.9;4.2) 0.025 0.876 0.077
CD 3+, % 63.0 (59.0;66.0) 64.0 (61.0;66.0) 65.0 (60.0;67.0) 0.593 0.362 0.728
CD 3+, ×109/l 2.1 (1.7;2.5) 2.3 (1.95;3.2) 2.1 (1.8;2.5) 0.081 0.444 0.262
CD 4+, % 40.0 (37.0;42.0) 37.0 (35.0;38.0) 38.0 (36.0;40.0) 0.036 0.208 0.213
CD 4+, ×109/l 1.2 (1.1;1.5) 1.4 (1.1;1.8) 1.3 (1.0;1.4) 0.301 0.840 0.300
CD 8+, % 29.0 (27.0;32.0) 35.0 (32.0;35.0) 31.0 (29.0;32.5) <0.001 0.142 0.001
CD 8+, ×109/l 0.9 (0.8;1.1) 1.3 (1.0;1.6) 0.9 (0.8;1.2) 0.001 0.432 0.027
CD 4/CD 8 1.3 (1.2;1.4) 1.0 (1.0;1.0) 1.2 (1.1;1.3) <0.001 0.008 <0.001
CD 16+, % 19.0 (17.0;21.0) 17.0 (16.0;18.0) 18.0 (16.0;21.0) 0.003 0.216 0.110
CD 16+, ×109/l 0.6 (0.5; 0.7) 0.6 (0.5; 0.7) 0.6 (0.5;0.7) 0.601 0.936 0.531
CD 22+, % 33.0 (30.5;36.5) 30.0 (28.0;32.0) 28.0 (26.0;32.0) 0.009 <0.001 0.338
CD 22+, ×109/l 1.1 (0.9; 1.2) 1.1 (0.8; 1.4) 0.9 (0.8;1.1) 0.545 0.160 0.178
Ig A, g/l 0.9 (0.7; 1.0) 0.8 (0.7; 1.0) 0.8 (0.7;0.9) 0.603 0.355 0.678
Ig M, g/l 1.9 (1.5; 2.1) 1.4 (1.2; 1.5) 1.5 (1.3;1.7) <0.001 <0.001 0.738
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to age differences — it is known that intestinal 
infections are more severe in children under one 
year, and our study included children aged 12 to 
36 months. In addition to the diarrheal syndrome, 
the presence of vomiting in children is typical, 
which according to our data developed during the 
first two days, the frequency was 2–4 times a day, 
and against the background of the treatment, it 
disappeared within 1–2 days.

Our research shows that the presence of lHVI 
(CMV, HHV-6 type) contributes to the prolon-
gation of the persistence of fever and diarrheal  
syndrome in children with RVI, as indicated  
by other scientists who studied infectious lesions 
of the intestine [4,14]. It was determined that 
with bacterial lesions of the intestine, the presence  
of concomitant CMV infection leads to the pro-
longation of both local symptoms from the in-
testine and the general intoxication syndrome, 
which leads to a longer stay of patients in the hos-
pital [6,17]. Assessment of clinical manifestations  
of RVI shows that CMV and HHV-6 type have al-
most the same effect on clinical symptoms in young 
children, but only in children infected with HHV-
6, we observed a longer persistence of catarr- 
hal manifestations (p1–4=0.004). In our opinion, 
this is due to the fact that the lymphoid tissue  
of the oropharynx belongs to one of the main 
zones of persistence of the HHV-6 type, which  
can be stored for a long time [13].The results ob-
tained by us partially coincide with the data of 
other scientists who studied the effect of herpes-
viruses on the course of bacterial diarrhea [4–6].

At the same time, in patients with concomitant 
CMV infection lower levels of temperature 
response have been established, as well as  
a significantly lower frequency of vomiting was 
recorded (p1–3=0.009) compared with patients 
with RVI without co-infection. Such results  
differ from those obtained when studying the effect 
of herpesviruses on the course of Escherichiosis 
and Shigelosis in children [6,17]. In our opinion,  
this is due to the fact that the first symptom 
of bacterial diarrhea is a symptom of general  
intoxication, one of the manifestations of  
which is fever and vomiting, as well as the fact  
that the study was conducted in older children.

The results of determining the indicators  
of the immune response mostly coincide with the 
data of the specialized literature regarding the 
influence of b-group herpesviruses on the immune 
response of children with infectious diseases  
of the gastrointestinal tract. Changes in both the 

cellular and humoral links of the immune response 
were found in young children with RVI.

The course of RVI in children with 
concomitant lHVI occurs against the background 
of significantly higher levels of cytotoxic CD 8+ 
lymphocytes in the blood. At the same time, 
in patients infected with CMV, the level of 
CD 8+ cells significantly exceeds the indicators  
not only in children with RVI as a monoinfection, 
but also in children infected by HHV-6 type.  
In our opinion, it is associated with a higher ability 
of CMV to stimulate specific cytotoxic T-cells 
compared to HHV-6 type [1,10,12]. The obtained 
results differ from studies of the immune response 
in children with Shigellosis infected with CMV, 
which may be due to transient immunosuppression 
in severe bacterial gastroenterocolitis in children 
[5]. In the period of early convalescence  
of RVI, in children with concomitant CMV 
infection, significantly higher indicators of 
the relative content of CD 8+ lymphocytes  
are preserved against the background of a lower 
level of IRI compared to children infected with 
HHV-6 type, which is consistent with the data of 
some researchers [1].

The reduced percentage levels of CD 16+ 
T-lymphocytes found by us in children with RVI 
on the background of CMV are probably related  
to the suppressive effect of CMV on natural killers, 
as determined by other authors [9].

A significant decrease in the IRI indicator in 
children infected with CMV, on the one hand, 
may be associated with an increased content  
of CD 8+ cells, the level of which is directly used 
for its calculation, and on the other hand, it may 
indicate the immunosuppressive effect of CMV  
on the child's immune system [14].

The study of the humoral link of the immune 
response revealed a significant effect of CMV  
on immune reactivity. It is in these patients  
that we determined significantly lower levels  
of IgA, which may be the result of the suppressive 
effect of this virus on the immune response.  
In the period of early convalescence, the course  
of RVI in patients with concomitant latent in-
fection caused by CMV and HHV-6 type occurs 
against the background of significantly lower 
levels of the median content of CD 22+ cells 
and IgM. The latter fact may indicate a delay  
in the activation of the humoral link of the 
immune response and may be one of the factors  
in the prolongation of the clinical manifestations 
of RVI in children with coinfection.
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Therefore, the presence of lHVI in children af-
fects the frequency of detection of certain symp-
toms of rotavirus gastroenteritis and contributes 
to the prolongation of these symptoms, which is 
probably due to the influence of CMV and HHV-6 
type on the child's immune response.

Conclusions
At the current stage, RVI in young children 

retains its characteristic main clinical signs.
The presence in children with RVI, a 

concomitant CMV or HHV-6 type infection 
affects the clinical symptoms of RVI: there is 
a prolongation of the fever duration, diarrhea 
and catarrhal syndrome against the background 
of a lower frequency of vomiting and a lower 
temperature reaction in the AP of RVI.

The latent form of CMV or HHV-6 type 
infection affects the indicators of the immune 
response of children with RVI. In the AP, there 
is an increase in indicators of cytotoxic CD 8+ 
lymphocytes. In the period of early convalescence, 

patients with RVI and a latent form of CMV  
or HHV-6 type experience a delay in the 
response of the humoral link of immunity, which  
is evidenced by lower levels of the median  
content of CD 22+ cells and IgM compared to 
children with mono-RVI.

The presence of lHVI in children with RVI 
affects the clinical course of intestinal infection and 
the immunological indicators of patients, and the 
most significant changes observed in children with 
latent CMV infection. This probably indicates 
different mechanisms of interaction of viruses with 
the human body, despite the fact that CMV and 
HHV-6 types belong to the same group of herpes.

Prospects for further research. The results of 
the study can be used to develop a mathematical 
model for predicting the presence of CMV  
and/or HHV-6 type infections in children 
with rotavirus gastroenteritis, which will make  
it possible to predict the course of RVI.

No conflict of interests was declared by the 
authors.
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