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ABSTRACT
Objective: Conduct a comparative analysis of inflammatory biomarkers in the development of severity in community-acquired
pneumonia
Material and method: In a prospective cohort study under the supervision of 110 children at the age of 5 to 14 years, of them
90 children with community-acquired pneumonia and 20 children from the control group, undergoing treatment in the respiratory
department of Children’s Hospital of Karaganda, in which 43.64% were girls (95% CI 31.51% - 56, 33%) and boys 57.27% (95% CI
34.91% - 59.88%). The diagnosis of pneumonia was verified on the basis of standards ICD -10 (10th revision of the International
Statistical Classification of Diseases) for diagnosis and treatment of pneumonia in children. General clinical examination was carried out in accordance with the protocols of examination of children with this pathology approved in the Republic of Kazakhstan,
with the inclusion of: a bacteriological method of investigation, studies of TNF-α, IL-6 and PCT in serum by enzyme immunoassay.
Statistical processing of the obtained results of the difference in quantitative traits marker concentrations was carried out
using a nonparametric Mann-Whitney’s U test
Conclusion: The results of our study indicate that as the severity of pneumonia increases, the titers of pro-inflammatory cytokines and procalcitonin in the blood serum of patients increase. The results of the study in patients with bacterial and viral pneumonia,
proinflammatory cytokines (TNF-α, IL-6) and procalcitonin can be used as predictors to predict the severity of pneumonia.
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Introduction
Community-acquired pneumonia in children is
one of the most relevant infectious diseases, due to
the high prevalence among the children's population(5). In recent years, significantly increasing the
number of patients with severe and complicated
course of community-acquired pneumonia(6).
Community-acquired pneumonia is accompanied by a systemic response of the organism of
inflammation in the lung tissue. In recent years,
much attention is given to study biological biomarkers of infection, but in these studies analyze

data trends cytokine profile reflected pneumonia
insufficient depending on the form and severity of
the disease. In this regard, the study of the possibility of using the quantitative determination of complex biomarkers of inflammation, such as proinflammatory cytokines and procalcitonin, is of
great practical importance for the assessment of
prognosis of community-acquired pneumonia in
children.
The main focus in the assessment of pneumonia is a complex approach assessment of the severity of the patient’s condition for the prediction of the
disease, especially in the early stages of its develop-
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ment. At the present stage, many authors have studied procalcitonin as one of the markers for the differential diagnosis of bacterial and viral infection(1,2). At the same time, the information available
in the scientific literature characterizing the role of
inflammatory markers in community-acquired
pneumonia can not be considered exhaustive. The
patterns of the distribution of markers of inflammation of the activity of the inflammatory process are
not sufficiently defined depending on the degree of
severity, course and outcome of communityacquired pneumonia in children. There is practically no comparative analysis of the diagnostic significance of PCT, cytokines in children with community-acquired pneumonia.
Objective
Conduct a comparative analysis of inflammatory biomarkers in the development of severity in
community-acquired pneumonia.
Material and method
In a prospective cohort study, under the supervision of 110 children, 90 children with community-acquired pneumonia at the age of 5 to 14 years,
undergoing treatment in the respiratory department
of Children’s Hospital of Karaganda, in which
43.64% were girls (95% CI 31.51% - 56, 33%) and
boys 47.27% (95% CI 34.91% - 59.88%). The control group consisted of 20 healthy children .Patients
and healthy children were included in the study on
the basis of informed consent. T he criteria for
inclusion in the group of subjects were: children
from 5-14 years with verified diagnosis of community-acquired pneumonia, the voluntary participation of parents of children with registration of
informed consent, to eliminate the risk of harm,
damage (physical, psychological, social and economic).
Exclusion criteria were: failure of parents of
children participating in the study, previously held
antimicrobial therapy, the presence of comorbidity:
another chronic inflammatory disease, congenital
heart disease, active tuberculosis, the presence of
cancer, neurological and endocrine diseases.
Verification of the diagnosis of pneumonia
was carried out based on standards of diagnosis and
treatment of pneumonia in children (ICD 10,
J15.8).
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Depending on the severity of the 90 patients
were divided into three groups (I,II,III). In each
group of 30 children with community-acquired
pneumonia. The control group consisted of 20
healthy children .
On admission to hospital in patients determined the content of pro-inflammatory cytokines
(IL-6, TNF-α) and procalcitonin in serum.
Interleukin 6 (IL-6) was determined by ELISA
using reagents for immunoassay for determining
the concentration of IL-6 in serum (Interleukin-6 ELISA BEST) (0-250 pg / ml). Tumor necrosis factor (TNF-α) was determined by IFA using a kit of
reagents for immunoenzyme determination of the
concentration of tumor necrosis factor alpha in
serum (TNF-alpha ELISA- BEST) (0-300 pg / ml).
PCT was determined by ELISA using a kit of
reagents for immunoenzyme determination of procalcitonin concentrations in serum (0-12,8 ng / ml)
(Procalcitonin ELISA- BEST).
Statistical processing of the obtained results of
the difference in quantitative traits marker concentrations was carried out using a nonparametric
Mann-Whitney’s U test.
Results
When carrying out a bacteriological examination, it was revealed that most often in children
was sown Streptococcus pneumoniae, Haemophilus
influenza and Staphylococcus aureus (figure 1).

Fig. 1: Results of bacteriological study in children with
community-acquired pneumonia.

Analysis of quantitative evaluation results of
characteristics of proinflammatory cytokines (TNFα, IL - 6) and procalcitonin are presented in tables
1,2,3 .
The analysis of the obtained data of one of the
main cytokines IL - 6 showed quite significant differences in its content in the blood serum, depending on the severity of community-acquired pneumonia in children (table 1).
Significant differences were obtained when
the level of IL-6 was compared in the groups of
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sick children, and in particular, depending on the
severity of the groups in the I and III severity of
community-acquired pneumonia (p<0,05). At the
same time, a significant level of significance of differences was obtained when comparing the data of
the ІІ and ІІІ groups of children's observation
(p<0,05).

children. Thus, TNF-α in children of the 1st group
was 1.23 pg / ml, and in the third group this index
was 4.5 and higher at 5.43 pg / ml with the children
in the control group 0.97 (p <0, 05). The values
obtained in children of 1,2 and 3 groups of children
with community-acquired pneumonia had significant differences, depending on the severity of the
course of community-acquired pneumoControl group
I
III
II
Severity of
(n=20)
(n=30)
(n=30)
nia.
p-level
(n=30)
p-level
p-level
pneumonia
Me
Me
Me
Me(Q25Q75)
(Q25Q75)
(Q25Q75)
(Q25Q75)
Given that most researchers studying
PCT determine that it is a specific markPC-I<0,05*
РC-II<0,05*
pC-III<0,05*
0,17
1,80
2,37
6,16
er of infection, our analysis of the findcommunityрI-II<0,05*
pI-III<0,05*
acquired
0,11
1,38
3,95
5,14
ings in children with communitypneumonia
pII-III<0,05* acquired pneumonia, depending on the
0,81
2,36
3,22
6,90
degree of severity, showed (Table 3), the
Table 1: Content of IL-6 in serum depending on the severity of commupresence of significant differences when
nity-acquired pneumonia in children (pg/ml).
comparing children in groups I and II
Control
I
II
III
and of the control group, respectively, the
group
Severity of
(n=30)
(n=30)
(n=30)
(n=20)
p-level
p-level
p-level
values were determined in the range of
pneumonia
Me
Me
Me
Me
(Q25Q75)
(Q25Q75)
(Q25Q75)
(Q25Q75)
0.03 pg / ml; 0.19 pg / ml and 0.39 pg /
РC-I<0,05*
РC-III<0,05* ml. There were no significant differences
0,97
1,23
1,44
5,43
communitypI-III< 0,05* when comparing the indices of the ІІ and
PC-I>0,05
(0,40
(0,52
(2,20
(3,69
acquired pneumonia
рI-II<0,05*
ІІІ groups (р > 0,05).
рII-III<0,05*
1,25)
1,82)
1,69)
6,62)
The analysis of the X-ray study data
Table 2: Content of TNF-α in serum depending on the severity of com- showed the predominance of the segmunity-acquired pneumonia in children (pg / ml).
mental variant of prevalence in children
with unilateral lesion (71.5 + 5.21).
Quite often, the examined children with community-acquired pneumonia had a focal variant of
recording the pathological focus, it was most often
found in the middle and lower parts of the right
lung (figure 2).
Discussion
Fig. 2: Data from an X-ray examination of children with
community-acquired pneumonia.

A large number of researchers in different
countries have studied the role of procalControl
citonin as a marker of severe infection, as
I
II
III
group
Severity of
(n=30)
(n=30)
(n=30)
(n=20)
p-level
p-level
p-level
well as a mediator of systemic inflammapneumonia
Me
Me
Me
Me
(Q25Q75)
(Q25Q75)
(Q25Q75)
(Q25Q75)
tion. Also procalcitonin is mentioned as a
рk-III<0,05* reliable prognostic factor of vesicoureteral
0,04
0,03
0,19
0,39
communityreflux and that the level of PCT is
рk-II<0,05*
pI-III<0,05*
pк-1>0,05
(0,00
(0,01
(0,42
(0,03
acquired
рI-II<0,05*
pneumonia
markedly elevated in children with bacterрII-III>0,05
004)
0,17)
0,19)
1,54)
ial rather than viral meningitis, useful in
Table 3: Content of PCT in serum depending on the severity of commu- order to establish a proper differential
diagnostics(2, 4). Literary data on the level
nity-acquired pneumonia in children (ng/ml).
of proinflammatory cytokines and proThe analysis of serum TNF-α values in chilcalcitonin in children with community-acquired
dren with community-acquired pneumonia (table 2)
pneumonia are rare. From this point of view, one
showed the presence of significant differences
study shows the use of biomarkers of inflammation
when comparing children in groups, depending on
in differentiating between acute pneumonia and
the severity of community-acquired pneumonia in
bronchitis in children(3).
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In this case, the role of procalcitonin in the
pathophysiology of community-acquired pneumonia and its association with other cytokines in
severe bacterial infections has not been sufficiently
studied to date. In most studies, each marker is
studied separately, there is practically no data on
the complex of markers that determine several components of the inflammatory response, and in particular the PCT; IL-6; TNF-a.
The results of our studies show that a high
level of PCT, IL-6 and TNFα in blood serum was
observed in children with a severe degree of the
disease, which can be a predictor of disease severity. Determination of PCT serum can reduce the
unnecessary use of antibiotic therapy in patients
with community-acquired pneumonia and reduce
the duration of antibiotic therapy.
Comparative analysis of our study suggest that
as the severity of pneumonia increases, the titres of
proinflammatory cytokines and procalcitonin in the
blood serum of patients increase. The results of the
study in patients with community-acquired pneumonia, proinflammatory cytokines (TNF-α, IL-6)
and procalcitonin can be used as predictors for the
diagnosis of the severity of community-acquired
pneumonia in children. The data of the complex
study of markers of inflammation (TNF-α, IL-6,
PCT), depending on the severity of communityacquired pneumonia in children, certainly determines the possibility of their use in diagnosis.
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