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Abstract
The aim of the work is to study the indicators of cellular and humoral immune response and FAN of patients with tonsillitis 

in children infected with HHV-6 type.
Materials and methods of research. In 72 children aged 3–15 years (mean age 8.42 ± 1.44 years), patients with streptococ-

cal tonsillitis of moderate severity, the levels of the main subpopulations of blood lymphocytes were determined using monoclonal 
antibodies by solid-phase enzyme-linked immunosorbent assay, phagocytic activity of neutrophils (FAN) using the nitrosine tetra-
zolium reduction test (HCT test) and serum Ig A, Ig M, Ig G levels by radial immunodiffusion. The studies were carried out in the 
acute period and in the period of convalescence. Mathematical and statistical processing of the data obtained was carried out using 
Microsoft Excel 2003 and Statistica 6.0 programs. The significance of differences between the mean values was determined using 
the Student’s test (t).

Results. Different mechanisms of formation of pathological process at streptococcal tonsillitis at children depending on the 
concomitant HHV-6 type infection are revealed. In patients with mixed infection in the acute period of tonsillitis determine the signs 
of deficiency of the cellular immune system with the maximum deviation of CD-lymphocytes (t = 3.13 vs. t = 2.16 in mono-infection), 
the tension in the humoral link of the immune response Ig deviation (t = 1.63 against t = 0.91 in mono-infection) on the background 
of phagocytosis violation in terms of FAN deviation (t = 3.22 against t = 2.01 in mono-infection). By the period of convalescence, the 
restoration of the imbalance of specific and non-specific protection factors does not occur. Increased Ig G content in the acute period 
is one of the features of streptococcal tonsillitis in children on the background of HHV-6t infection. 

Conclusions. Concomitant VGL-6 type infection in children with streptococcal tonsillitis affects the mechanisms of forma-
tion of the inflammatory process and the reactivity of patients, forming the preconditions for adverse outcomes of the disease. The 
obtained results can be the basis for early detection of herpes virus infection in patients with tonsillitis, will help to optimize the 
management of patients in different periods of the disease. 
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1. Introduction
Streptococcal infection has long been a relevant pathology, especially among children [1, 2]. 

The consequences of tonsillitis caused by hemolytic streptococcus, which often turn into a chronic 
form, are the development of infectious-allergic and immune-mediated pathology, which include 
diseases of the cardiovascular system, connective tissue, kidneys [3, 4].

At the current stage of development of medicine in the practice of health care comorbid 
conditions are increasingly common, a combination of two or more pathogens that definitely affect 
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each other, can lead to changes in the clinical course and outcome of the disease. The twenty-first 
century is called the «century of viruses», and not only because of the new coronaviruses, but also 
because of the widespread spread of herpes viruses. Infection of the latter occurs in early childhood.  
Persistence of herpes viruses is one of the factors of frequent «respiratory» diseases, affects the 
formation of protective systems of the child’s body [5, 6].

One of the viruses of the herpes group is the human virus type 6 (HHV-6), which among all other 
viruses is the least studied, can cause damage to immune cells, lymphatic systems, internal organs [7, 8].

The course and outcomes of the disease, complete recovery in bacterial pathology, including 
streptococcal tonsillitis, are largely due to the timely and adequate response of specific and non-
specific protective factors, which include the state of cellular and humoral immune response and 
phagocytic activity of neutrophils (FAN) [9]. 

In our opinion, it is in the period of early convalescence of streptococcal tonsillitis that 
pathological factors are formed, which in the future can lead to incomplete recovery, the impossi-
bility of timely rehabilitation of the organism from the pathogen, the formation of various somatic 
pathologies. Unfortunately, in the sources available to us, we did not find information on spe-
cific (indicators of cellular and humoral immunity) and non-specific (FAN) protective factors in 
tonsillitis of streptococcal etiology in children infected with HHV-6 type.

Therefore, the aim of the study was to study the indicators of cellular and humoral immune 
response and FAN of patients with tonsillitis in children infected with HHV-6 type. 

2. Materials and methods of the research
During 2018–2021 on the basis of the non-profit municipal institution «Regional Chil-

dren’s Infectious Diseases Hospital» in Kharkiv, a survey of 72 children aged 3–15 years (mean 
age 8.42 ± 1.44 years), patients with tonsillitis of streptococcal etiology of moderate severity, which  
was divided into two groups. The first group included 33 patients with tonsillitis and infected with 
HHV-6 (mixed infection), the second – 39 children with tonsillitis without concomitant infec-
tion (mono-infection). Verification of the diagnosis was performed according to clinical and anam-
nestic data, the results of bacteriological, virological and serological tests in accordance with ICD-10.  
HHV-6 – infection was diagnosed by high titers of Ig G antibodies to HHV-6 with negative PCR re-
sults to HHV-6 in serum and saliva (latent form). Children in both observation groups were the same 
age (7.41 ± 2.95 and 9.87 ± 2.44 years, p > 0.05), and the sex of patients was comparable. Determination of  
the cellular component of the immune response was performed on the levels of subpopulations of lym-
phocytes CD3+, CD4+, CD8+, CD16+, CD22+ and CD25+ peripheral blood of patients using mono-
clonal antibodies by solid-phase enzyme-linked immunosorbent assay. FAN of peripheral blood was 
determined using the nitrosine tetrazolium reduction test (NTR test). Spontaneous NTR test (NTR sp)  
and stimulated NTR test were determined during the FAN study. The state of the humoral part of the 
immune response was determined by the levels of serum Ig A, Ig M, Ig G by radial immunodiffusion. 

The work was carried out in accordance with the principles of the Declaration of Helsin-
ki adopted by the General Assembly of the World Medical Association (1964–2000), the Council of  
Europe Convention on Human Rights and Biomedicine (1997), relevant WHO provisions, the Interna-
tional Council of Medical Societies, the International Medical Code ethics (1983) and laws of Ukraine.

Informed consent was obtained from the parents of all patients who participated in the 
study. The Committee of the Bioethics Commission approved and confirmed the protocol No. 3 
dated 18.10.2018.

The control group consisted of 20 healthy children, similar in age and sex. Mathematical and 
statistical processing of the data obtained was carried out using Microsoft Excel 2003 and Statis-
tica 6.0 programs. The significance of differences between the mean values was determined using 
the Student’s test (t). The assessment of the reliability of the correlation coefficient was carried out 
according to standard tables.

3. Research results
The study of the indicators was carried out in the acute period (1–2 days of illness) and in 

the period of convalescence (7–10 days of illness). The obtained results are given in the Table 1.
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Table 1
Indicators of immune response and phagocytic activity of neutrophils in children with tonsillitis, (M ± m)

Indicators Period The first group (n = 34) The second group (n = 40) Control (n = 20)

CD 4+, %
acute 26.22 ± 1.931, 2 33.05 ± 1.071

37.31 ± 0.72
convalescence 33.28 ± 0.791 36.11 ± 1.042

CD 8+, %
acute 20.15 ± 0.971 24.48 ± 1.122

26.83 ± 0.54
convalescence 23.55 ± 1.021 28.08 ± 1.142

CD 16+, %
acute 15.01 ± 0.511, 2 17.17 ± 0.541

12.25 ± 1.24
convalescence 16.17 ± 0.941 14.24 ± 0.81

CD 22+, %
acute 16.08 ± 0.852 18.61 ± 0.901

15.08 ± 1.07
convalescence 17.52 ± 0.662 20.76 ± 1.151

CD 25+, %
acute 16.16 ± 0.77 16.83 ± 1.05

14.51 ± 0.85
convalescence 17.28 ± 1.132 20.85 ± 0.811

NTR sp, %
acute 25.31 ± 0.951, 2 29.04 ± 1.071

19.18 ± 2.08
convalescence 23.81 ± 0.741 22.06 ± 1.08

NTR st, %
acute 38.11 ± 0.922 42.62 ± 1.581

35.05 ± 2.09
convalescence 33.87 ± 0.572 36.14 ± 0.76

Ig M, g/l
acute 1.79 ± 0.31 1.55 ± 0.43

1.02 ± 0.23
convalescence 2.49 ± 0.241 2.04 ± 0.371

Ig G, g/l
acute 11.57 ± 0.751 9.82 ± 0.41

9.22 ± 0.57
convalescence 12.86 ± 0.481 11.08 ± 0.321, 2

Ig A, g/l
acute 2.18 ± 0.49 2.08 ± 0.72

1.48 ± 0.24
convalescence 2.93 ± 0.251 2.48 ± 0.44

Note: 1 – the probability of the sign to the control group; 2 – the probability of the sign between the first and second groups

Acute period of streptococcal tonsillitis is accompanied by transient deficiency of cellu-
lar immunity in all patients, as evidenced by reduced CD4+ and CD8+ lymphocytes (p ˂ 0.05). 
These changes were most pronounced in patients with mixed infection. An increase in the content  
of CD16+ – lymphocytes (p ˂ 0.05) was recorded, while in patients with mono-infection the levels 
of CD16 + – cells differed not only from the control group (p ˂ 0.01), but also from patients of the 
first group (p ˂ 0.01). In contrast to patients with mixed infection, mono-infection was determined 
by a probable increase in the content of CD22+ (p ˂ 0.05). The content of CD25+ cells increased 
in patients of both groups, but this increase was not significant (p ˃ 0.05). In the acute period, 
FAN suppression was detected in patients with mixed infection, as evidenced by a less significant 
increase in the rate of NTR sp compared with the second group (p ˂ 0.05) with a decrease in the 
metabolic potential of neutrophils in terms of NTR st. The latter indicator did not differ significant-
ly from that of healthy children (p ˃ 0.05). The peculiarity of the response of humoral immunity 
of patients was an increase in all classes of immunoglobulins (Ig), but only an increase in Ig G in 
patients of the first group (p ˂ 0.05).

In the acute period in patients with mixed infection, the maximum degrees of deviations were 
found for CD lymphocytes (t = 3.13 vs. t = 2.16 in mono-infection) and Ig (t = 1.63 vs. t = 0.91), and 
in patients with mono-infection recorded a more pronounced response of FAN (t = 3.22 vs. t = 2.01). 

It was found that in the period of early convalescence in children with mixed infection 
there is no normalization of the content of CD4+, CD8+ and CD16 + blood lymphocytes (p ˂ 0.05), 
while in children with mono-infection these indicators were close to normal (р ˃ 0,05). Until the 
convalescence period, there is a significant difference in the indicator of CD22+ lymphocytes bet
ween the observation groups (p ˂ 0.05). In mono-infection, this indicator was probably higher than 
normal (p ˂ 0.01). In the dynamics of the disease levels of CD25+ cells increased. In patients with 
mono-infection, this indicator differed from the control group (p ˂ 0.001) and from patients with 
mixed infection (p ˂ 0.05). During the convalescence period, patients with mixed infection did not 
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have a complete recovery of FAN: NTR sp values differed significantly from normal (p < 0.05), 
and NTR st parameters significantly differed from patients of the second group (p ˂ 0.05). The  
Ig content of all classes increased in both groups by the period of convalescence. The concen-
tration of Ig M increased, which significantly differed from the norm in all patients (p ˂ 0.05). 
Significantly high Ig G indices were recorded in both groups, both in comparison to the control 
group (p < 0.01) and between groups (p ˂ 0.05). The increase in Ig A content was significant only 
in patients of the first group (p ˂ 0.05), and in patients with mono-infection, this figure did not 
differ significantly from the control group (p ˃ 0.05). 

In the period of convalescence in patients with mono-infection showed moderate degrees of 
deviation of Ig (t = 2.25) and FAN (t = 0.86) with maximum fluctuations of CD lymphocytes (t = 3.05). 
The total degree of deviation was t = 2.05. In patients with mixed infection, the maximum degrees of 
Ig deviation (t = 4.50) were recorded with moderate deviations of CD lymphocytes (t = 2.58) and FAN 
values (t = 1.35). The total degree of deviation in these patients was equal to t = 2.81. 

4. Discussion
The study revealed signs of transient suppression of the cellular immune response in chil-

dren with streptococcal tonsillitis, and this suppression was exacerbated in patients with concomi-
tant HHV-6 infection. During the period of convalescence in these children there is no complete re-
covery of cellular immunity: the content of CD4+, CD8+ remains reduced against the background 
of maintaining an increased concentration of CD16+. The latter are known to play a significant 
role in cleansing the body of pathogens [10, 11]. Thus, the response of natural killers occurs in 
overstrain, which may indicate incomplete rehabilitation of the body. In our opinion, the content of 
CD16+ cells in the period of convalescence in patients with mixed infection could be used as one of 
the indicators of complete recovery of the patient. On the other hand, it is determined that the defi-
ciency of natural killers in infected with HHV-6 increases the risk of severe brain damage [12, 13],  
therefore, this issue needs further study. The absence of significant fluctuations in the content of 
CD22+ and CD25+ cells in patients with mixed infection in the dynamics of the disease indicates 
the tension in the humoral part of the immune system, as indicated by other authors [14]. At the 
same time, the imbalance of the immune response can create conditions for further chronicity, 
complications, which must be taken into account in the stages of convalescence of streptococcal 
tonsillitis in order to prevent the development of damage to the heart, joints, kidneys [15, 16]

Factors that create the conditions for the adverse effects of streptococcal tonsillitis include 
our identified FAN disorders in patients with concomitant viral herpes infection. Unfortunately, 
until the period of convalescence in these patients there are signs of violation of the FAN with the 
depletion of the functional reserve of their bactericidal properties. It is known that neutrophils are 
a major component of non-specific mechanisms of protection against bacterial factors. Our data 
coincide with the results of the study of the state of FAN in both bacterial and viral lesions [17, 18].

The changes in Ig blood parameters detected by us confirmed the increase in Ig M content 
inherent in the inflammatory process in all patients in the dynamics of the disease. At the same 
time, in our opinion, the high content of Ig G in patients with mixed infection in the acute period of 
streptococcal tonsillitis is a feature of the response of such patients. This fact can be used for early 
diagnosis of concomitant VGL-6 infection in children with tonsillitis. The study of the properties 
of Ig G in streptococcal infection is important in terms of the identified opportunities to avoid the 
pathogen from the immune response [19]. 

Thus, the presence of concomitant VGL-6 type of infection significantly affects the course 
of streptococcal tonsillitis in children, leads to changes in specific and nonspecific defence mecha
nisms, can create conditions for adverse course of tonsillitis, chronic streptococcal infection, so-
matic pathology [20, 21].

Study limitations. Congenital or acquired immunodecytic conditions in children, long-
term use of corticosteroids and cytostatics.

Prospects for further study. The obtained results can be used for early detection of  
infection of patients with herpes virus, methods of treatment of patients in different periods of  
the disease.
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5. Conclusions
1. Infection with HHV-6 type in children with streptococcal tonsillitis has a negative effect 

on specific and specific protective mechanisms of the body. 
2. Different mechanisms of formation of inflammatory process depending on presence 

of VGL-6 infection are revealed. In the acute period in patients with mixed infection revealed  
the maximum degree of deviation of CD-lymphocytes (t = 3.13 vs. t = 2.16 in mono-infection)  
and Ig (t = 1.63 vs. t = 0.91), and in patients with mono-infection recorded a more pronounced re-
sponse of FAN (t = 3.22 vs. t = 2.01). 

3. In the period of convalescence in patients with mono-infection showed moderate de-
grees of deviation of Ig (t = 2.25) and FAN (t = 0.86) with maximum fluctuations of CD lympho-
cytes (t = 3.05). In patients with mixed infection, the maximum degrees of Ig deviation (t = 4.50) 
were recorded with moderate deviations of CD lymphocytes (t = 2.58) and FAN values (t = 1.35). 

4. The course of streptococcal tonsillitis in children with concomitant HHV-6 type infection 
occurs against the background of an imbalance in the functioning of the cellular and humoral links 
of the immune response, a violation of the phagocytic activity of neutrophils, which persist until 
the period of convalescence and can lead to unfavourable outcomes.
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