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Abstract
Introduction. Acute respiratory infections are the most com-
mon infectious diseases worldwide among children of diff erent 
age groups. 

Materials and methods. 59 children between the ages of 3 
and 7 participated in the study. The fi rst group included 22 pa-
tients with an acute respiratory viral infection, the second one 
consisted of 23 patients with acute respiratory viral infections 
associated with adenoid vegetation, and 14 apparently healthy 
children were included in the control group. Immunology re-
search was conducted during the acute period of the disease. 
Statistical processing of received data was done with the stan-
dard statistical software EZR 1.41.

Results. After the research, most of the patients with acute 
respiratory viral infections were identifi ed an actual increase in 
CD3+, CD4+, CD8+, CD22+- cells and IgA, IgM in the blood 
serum. Simultaneously, in patients with acute respiratory viral 
infections associated with adenoid vegetation during the acute 
period, the increase in total lymphocytes was identifi ed due to 
CD4+, CD8+, CD22+ cells and IgG. A comparative analysis 
of the study results of both groups of patients showed that 
children from the second group had a signifi cantly higher level 
of CD3+- cells, while the CD22+- lymphocytes, IgA, IgM and 
IgG were signifi cantly lower from the similar indicators of the 
fi rst group.

Conclusions. The acute period of the disease in children with 
acute respiratory viral infections, associated with adenoid 
vegetation, had an imbalance in both the cell and the immune 
system’s humoral component.
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Стан імунітету в дітей дошкільного віку, 
хворих на гострі респіраторні вірусні 
інфекції на фоні аденоїдних вегетацій
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Вступ. Гострі респіраторні інфекції найпоширеніші 
інфекційні захворювання у всьому світі серед дітей різ-
них вікових груп.

Мета. Вивчення клітинної та гуморальної ланок імуні-
тету в дітей дошкільного віку, хворих на гострі респі-
раторні вірусні інфекції на фоні аденоїдних вегетацій.

Методи дослідження. У дослідженні взяли участь 59 
дітей віком від 3 до 7 років. До першої групи увійшли 
22 пацієнти з гострою респіраторною вірусною інфекці-
єю, до другої – 23 пацієнти з гострими респіраторними 
вірусними інфекціями, які пов’язані з аденоїдною веге-
тацією, а в контрольну групу – 14 практично здорових 
дітей. Імунологічне дослідження проводили в гострий 
період захворювання. Статистичну обробку отриманих 
даних проводили за допомогою стандартного статистич-
ного програмного забезпечення EZR 1.41.

Результати. Після проведених досліджень у більшості 
хворих на гострі респіраторні вірусні інфекції виявлено 
фактичне збільшення CD3+, CD4+, CD8+, CD22+- клітин 
та IgA, IgM у сироватці крові. Водночас у хворих на го-
стрі респіраторні вірусні інфекції, пов’язані з аденоїдною 
вегетацією в гострий період, було виявлено збільшення 
загальної кількості лімфоцитів за рахунок CD4+, CD8+, 
CD22+ клітин та IgG. Порівняльний аналіз результатів 
дослідження обох груп пацієнтів виявив, що у дітей дру-
гої групи був достовірно вищий рівень CD3+- клітин, тоді 
як CD22+- лімфоцити, IgA, IgM та IgG були значно ниж-
чими від аналогічних показників першої групи.

Висновки. Гострий період захворювання у дітей з го-
стрими респіраторними вірусними інфекціями, пов’яза-
ними з аденоїдною вегетацією, мав дисбаланс клітин-
ного та гуморального компонента імунної системи.

Ключові слова: імунітет, клітинний, гуморальний, 
аденоїди, діти, інфекція.
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Introduction
Acute respiratory infections (ARI) are the 
most common infectious diseases worldwide 
among children of diff erent age groups. Al-
most 90% of the world’s population is infect-
ed with this disease at least once a year. The 
absence of specifi c immunity contributes to 
the rapid spread of ARI and its complications, 
leading to economic losses [1]. According to 
WHO, they account for 80%-90% of infectious 
pathologies [2]. More than a hundred million 
ARI cases among children under fi ve years are 
recorded worldwide each year, with a mortal-
ity rate of 104.8 children per 100,000 pop-
ulation [3]. Every year more than 6 million 
people are registered as suff ering from ARI in 
Ukraine. Besides, the high incidence is deter-
mined among children (> 60,000 per 100,000 
of the child population) [4, 5, 6]. The etio-
logical structure of ARI is diverse, with more 
than 200 viruses. Infl uenza viruses, parainfl u-
enza, rhinoviruses, respiratory syncytial virus, 
adenoviruses, reoviruses and enteroviruses 
play an essential role [7, 8]. Viruses direct-
ly aff ect the respiratory tract’s mucous mem-
branes and indirectly aff ect the immune sys-
tem. They reduce mucous membranes’ barrier 
function, contribute to the respiratory tract’s 
obstruction, and decrement gas exchange [8, 
9]. The highest incidence of ARI is determined 
in children aged three to 14 years because 
they attend the preschool establishments and 
schools [8]. In addition, besides, it is due to 
the development of their immune system. 
This child’s development is characterized by a 
lack of the immune system’s humoral compo-
nent, a decrease in the complement system’s 
activation, incomplete fusion of the cytokine, 
and T-cell immunosuppression [10].

Adenoid vegetations perform an essential 
function of the immune system because it pro-
tects the mucous membrane of the child’s rhi-
nopharynx from various microbes that come 
from the air during breathing. They gradually 
increase to their maximum size at preschool 
age. Adenoid hypertrophy can cause apnea in 
children and recurrent infection [11].

The presence of аdenoid vegetation in children 
load the disease’s course and contributes 
to an acute recurrent infl ammatory state. 
The obstruction of the posterior naris, nasal 
breathing is disrupted, and congestive 

phenomena are formed, leading to a delay of 
the mucociliary clearance that contributes to 
the microbes’ growth [2, 12]. 

The work aims to study the cellular and hu-
moral components of the immune system in 
preschoolers with acute respiratory viral infec-
tions associated with adenoid vegetations.

Materials and methods
This study was described in accordance with 
basic bioethical norms of the Declaration of 
Helsinki made by the World Medical Association 
concerning ethical principles on scientifi c and 
medical research. The study was conducted in 
accordance with the permission of the Ethics 
Commission of Municipal non-profi t enterprise 
«Children’s Clinical Hospital of Saint Zinaida» 
Sumy City Council, protocol No 6 of 12.09.19. 
We have surveyed 59 children between the ages 
of 3 and 7. The research was conducted based 
on the Municipal Non-commercial Organization 
“Children’s Clinical Hospital named after Saint 
Zinaida” of Sumy City Council. An otolaryngol-
ogist had consulted all children for confi rmation 
of diagnosis. The fi rst group consisted of 22 pa-
tients diagnosed with an acute respiratory viral 
infection (ARVI), the second one included 23 
children with acute respiratory viral infections, 
associated with adenoid vegetation, and the 
control group had 14 apparently healthy chil-
dren who were divided by age and gender and 
were under the supervision of a pediatrician.

The study of the immune system’s cellular 
component was conducted according to an 
initial review of the quality of CD3+-, CD4+-, 
CD8+-, CD16+-, CD21+- lymphocytes by the 
immunofl uorescence technique with homoge-
neous antibodies in the blood serum. The study 
of the humoral component of the immune sys-
tem was undertaken by determining the level 
of indices of IgG, IgA, IgM by the radial immu-
nodiff usion technique (Mancini method) [13]. 

Statistical processing of the results was done 
with the help of the EZR 1.41. The following 
indicators were defi ned: mean (M), the error 
of the mean (m), level of diff erence between 
two means (confi dence fi gure − p) [14].

Results
The average age of children in the control 
group was 4.86 years old, in patients of group 
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I - 4.95 years old and in group II - 5.13 years 
old, (р > 0,05). The distribution of children 
by sex was as follows: the control group com-
prised 57% of boys and 43% of girls, group I 
- 55% of boys and 45% of girls, and II group 
- 56% of boys and 44% of girls, (р > 0,05). In 
the fi rst group, the acute period of the disease 
in patients was characterized by an increase 
in the number of CD4+- lymphocytes ((39,20 
± 1,49) %) compared to the similar indicators 
of the control group ((35,2 ± 1,11) %), (р < 
0,05), (table 1). In addition, patients from the 
fi rst group have signifi cantly higher levels of 
CD8+- ((27,6 ± 1,46) %) and CD22+- lym-
phocytes ((28,9 ± 1,29)  %), compared to the 
similar indicators of apparently healthy chil-
dren ((19,5 ± 0,83) %) and ((21,8 ± 0,88) 
%) and as a result (р < 0,001). Beyond that, 
at the onset of disease in patients with ARVI, a 
decreasing level of CD3+ cells ((46,15 ± 0,63) 
%) was determined compared to the control 
group ((56,04 ± 1,67)) %, (р < 0,001). How-
ever, increases of the lymphocyte count ((50,2 
± 1,09) %) and CD16+ cells ((36,09 ± 1,76) 
%) in patients from the fi rst group compared 
to the similar indicators of the control group 
((48,7 ± 0,5) %) and ((34,2 ± 1,82) %) as 
the result, (p > 0.05) were unreliable. 

During the acute period of the disease in pa-
tients from the second group were defi ned sig-
nifi cant increase in lymphocyte concentration 
((51,3 ± 1,62) %), CD4+- ((40,18 ± 1,59) %) 
and CD22+- cells ((24,39 ± 1,31) %) com-
pared to the similar indicators of the control 
group, (р < 0,05). Simultaneously, in the blood 
serum of patients with ARVI, associated with 
adenoid vegetations, the CD8+- lymphocyte 
count ((26,39 ± 1,55) %) was higher com-
pared to the similar indicators of apparently 
healthy children (р < 0,01). In patients from 
the second group were determined an insignif-
icant decrease of CD3+ cells ((50,09 ± 1,05) 
%) and the increase of CD16+ cells ((37,6 ± 
2,0) %), (р > 0,05).

In patients with acute respiratory viral infections 
associated with adenoid vegetation, the level of 
CD3+- lymphocytes in the blood serum was 
higher than the similar indicator of patients with 
acute respiratory viral infections (р < 0,01).

The acute period of the disease in patients 
with АRVI was characterized by а signifi cant 
increase of IgA ((0,95 ± 0,01) g/l) and IgM 
((0,84 ± 0,02) g/l) compared to the similar in-
dicators of virtually healthy children ((0,85 ± 

Table 1

State of the cellular component of the immune system 
in children with acute respiratory viral infections, (М ± m)

Immunological index
Group І (n=22) Group ІІ (n=23) Control group (n=14)

1 2 3

Lymphocytes, %
50,2 ± 1,09
р1–2 > 0,05
р1–3 > 0,05

51,3 ± 1,62
Р2–3 < 0,05

48,7 ± 0,5

CD3+, %
46,15 ± 0,63
р1–2 < 0,01
р 1–3<0,001

50,09±1,05
р 2–3 > 0,05

56,04 ± 1,67

CD4+, %
39,2 ± 1,49
р1–2 > 0,05
р1–3 < 0,05

40,18 ± 1,59
Р2–3 < 0,05

35,2 ± 1,11

CD8+, %
27,6 ± 1,46
р1–2 > 0,05
р1–3 < 0,001

26,39 ± 1,55
Р2–3 < 0,01

19,5 ± 0,83

CD16+, %
36,09 ± 1,76
р1–2 > 0,05
р1–3 > 0,05

37,6 ± 2,0
Р2–3 > 0,05

34,2 ± 1,82

CD22+, %
28,9 ± 1,29
р1–2 < 0,05
р1–3 < 0,001

24,39 ± 1,31
Р2–3 < 0,05

21,8 ± 0,88

Notes: р1–2 –  the reliability of the diff erence between the indicators of the group I and the group II , 
         р1–3 –  the reliability of the diff erence between the indicators of the group I and the control group , 
         р2–3 – the reliability of the diff erence between the indicators of the group II and the control group.
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0,02) g/l) and ((0,75 ± 0,02) g/l), as the re-
sult (р < 0,01), (table 2). Meanwhile, the level 
of IgG ((11,05 ± 0,19) g/l) in the blood serum 
in patients from the fi rst group has increased 
slightly, compared to the level of the control 
group ((10,62 ± 0,02) g/l), (р > 0,05).

In patients from the second group, the concen-
tration of IgG ((12,44 ± 0,27) g/l) signifi cantly 
increased at the onset of disease, compared 
with the similar indicators of apparently healthy 
children, (р < 0,001). Furthermore, in patients 
with ARVI, associated with adenoid vegetation, 
the levels of IgA and IgM have tended to de-
crease ((0,82 ± 0,02) g/l) and increase ((0,79 
± 0,01) g/l), as the result (р > 0,05).

A comparative analysis of the indicators of the 
humoral component of the immune system in 
patients from the second group showed a signif-
icant decrease in blood serum, the concentration 
of IgA (р < 0,01) and IgM (р < 0,05), as well as 
the increase of IgG (р < 0,001), compared to 
the indicators of patients from the fi rst group.

Discussion 
A signifi cant increase of CD4+-, CD8+-, 
CD22+- lymphocytes in the blood serum 
characterized the disease’s acute period in 
both groups. Besides, patients in the fi rst 
group showed a signifi cant decrease of CD3+- 
lymphocytes and an increase of IgA and IgM, 
compared to patients’ indicators from the 
control group. Simultaneously, the second 
group of patients had a signifi cantly higher 
level of total lymphocytes and IgG in peripheral 

blood than children from the control group. 
When comparing indicators being studied in 
the second group, the level of CD3+- cell was 
signifi cantly higher, and CD22+- lymphocyte 
counts, IgM, and IgG were substantially lower 
than the similar indicators of the fi rst group.

The reduction of CD3+- cells in the acute in-
fectious infl ammation occurs through a patho-
gen’s action and may indicate immunoreactiv-
ity, which is fi rst provided by subpopulations 
of T- lymphocytes. During the immunologic 
response and with increased production of cy-
totoxic cells at the disease heat, the number 
of CD8+- lymphocytes increase [15].

The adenoids play a central role in the develop-
ment of upper respiratory tract infections and 
the spread of infection from the adenoids to 
other sites. In addition, insuffi  cient immunity 
against infection can lead to the development 
of other diseases [16]. The increase of IgA and 
IgM levels in the blood serum in children with 
acute respiratory infections may indicate the 
immune system’s activation in response to a 
viral infection. However, patients with adenoid 
vegetation and patients from the control group 
had substantially identical indicators of ІgA and 
IgM, which may reveal immunological inertia 
during the infection process [17]. Other stud-
ies in children with adenoid vegetations have 
shown a decrease in serum IgA levels, which 
may increase the susceptibility to infections. 
The increase in the susceptibility of infection, 
according to the authors, is directly caused by 
a decrease in the IgA level. associated with a 

Table 2

State of the humoral component of the immune system 
in children with acute respiratory viral infections, (М ± m)

Immunological index
Group І (n=22) Group ІI (n=23) Control group (n=14)

1 2 3

ІgA,
g/l

0,95 ± 0,01
р1–2 < 0,01
р1–3 < 0,001

0,82 ± 0,02
Р2–3 > 0,05 0,85 ± 0,02

IgM,
g/l

0,84 ± 0,02
р 1–2 < 0,05
р 1–3 < 0,01

0,79 ± 0,01
р 2–3 > 0,05 0,75 ± 0,02

IgG,
g/l

11,05 ± 0,19
р 1–2 < 0,001
р 1–3 > 0,05

12,44 ± 0,27
р 2–3 < 0,001 10,62 ± 0,02

Notes: р1–2 –  the reliability of the diff erence between the indicators of the group I and the group II , 
р1–3 –  the reliability of the diff erence between the indicators of the group I and the control group , 
р2–3 – the reliability of the diff erence between the indicators of the group II and the control group.
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decrease in the number of cells secreting IgA. 
At the same time, immunity to viruses, bacte-
ria and other antigens decreases and increas-
es the likelihood of developing chronic sinusitis 
[18]. Ben-Yaakov A and colleagues (2011) have 
identifi ed increased expression of CD14 cells in 
submucosal, lymphatic follicles and interfollic-
ular layers of adenoids may be an important 
factor in the development and persistence of 
adenoids [19].

Thus, it can be concluded that the study of the 
immune system at the time of adenoid vege-
tation in children is essential, as research in 
recent decades has shown the broad benefi ts 
of trained immunity for protecting the host, 
but also permit potentially harmful eff ects in 
immune-mediated and chronic infl ammatory 
diseases [20].

Considering that adenoids are constantly ex-
posed to the impact of viruses, bacteria and 
allergens, they play an essential role in up-
per airway immunity as eff ectors of both the 
adaptive immunity of the mucosa and sys-
temic type. Due to their immunological func-
tion and specifi c location, adenoids are con-
sidered reservoirs of viruses and bacteria. 

Therefore, repeated infections can contribute 
to hypertrophy [21].

This problem’s further research we see in a 
more detailed analysis of immune biomarkers 
of protection and infl ammatory activity in 
children of diff erent age groups with acute 
respiratory viral infections, associated with 
adenoid vegetations. Consequently, it will give 
us new opportunities for optimizing patient 
treatment with this pathology. In conclusions: 
Preschool-aged patients with acute respiratory 
viral infections in the acute period of the 
disease have shown a signifi cant decrease of 
the CD3+- lymphocyte level and an increase in 
CD4+-, CD8+-, CD22+- lymphocytes, IgA and 
IgM. In patients with acute respiratory viral 
infections associated with adenoid vegetation, 
аt the disease’s heat was defi ned a signifi cant 
increase in total lymphocytes, CD4+-, CD8+-, 
CD22+- cells and IgG. In patients with acute 
respiratory viral infections, associated with ad-
enoid vegetation, the level of CD3+- cells was 
signifi cantly higher, and at the same time, the 
level of CD22+- lymphocytes, IgA, IgM, and 
IgG was considerably lower compared to the 
similar indicators of patients with acute respi-
ratory viral infections.
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