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Objective: To examine levels ofinterleukins 4 and 8, transferrin and ferritin in children with community-acquired pneumonia and anemia.
Methods: By enzyme-linked immunosorbent assay was examined 74 children 1-3 years age at 1-4 day and 12-14 day of hospitalization.
Results: In children with pneumonia and anemia found a significant increase in the level of pro- and anti-inflammatory cytokines.
Transferrin level was higher In children with pneumonia and anemia and ferritin levels, by contrast, was lower. There was a ferritin with
interleukin 8 and a positive correlation with negative interleukin 4. Transferrin has a negative dependence on interleukin 8.
Conclusion: At children with pneumonia and anemia were observed more significant and lasting changes in the level of cytokines and
iron-containing
proteins.
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УРОВЕНЬ ЦИТОКИНОВ И ЖЕЛЕЗОСОДЕРЖАЩИХ БЕЛКОВ У
ДЕТЕЙ С ПНЕВМОНИЕЙ И АНЕМИЕЙ
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Были изучены уровни интерлейкинов 4 и 8, трансферрина, ферритина у детей с негоспитальной пневмонией и анемией.
Методом иммуноферментного анализа было обследовано 74 ребенка 1-3 лет на 1-4 и 12-14 день госпитализации. У детей с
пневмонией
и анемией найдено
более значительное увеличение уровня прои противовоспалительных цитокинов.
Уровень
трансферрина был выше у детей с пневмонией и анемией, а уровень ферритина, наоборот, был ниже. Отмечена положительная
корреляция ферритина
с
интерлейкином
8
и отрицательная с интерлейкином 4.
Трансферрин
имел отрицательную зависи
мость от интерлейкина 8.
Таким образом, у детей с пневмонией и анемией отмечались более значительные и длительные
изменения уровня
цитокинов
и железосодержащих белков.
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Community-acquired pneumonia (CAP) is one
of the most widespread infectious pathology with
serious prognosis. The mortality rate of children
with pneumonia is on average 13,1 per 100 000.
Secondary immunodeficient states occupy significant
place among the predictors of the pneumonia
occurrence [1,2, 3]. As it is known, the age immaturity
of specific and nonspecific immunological protection
of the child during the first years of life is shown by
more easy occurrence of an infectious disease, more
severe course, significant risk of complications and
generalization of the infection. A major contribution
to the formation of an adequate immune response
and regulation of intercellular interaction of all
i m m u n o c o m p e t e n t cells in realization of effect
or protection b e l o n g s to c y t o k i n e s , especially
their balance of the oppositional pools. Thus, the
occurrence of immune deficiency is the result of
disbalance in cytokine system [3, 4, 5].
.Another factor that affects almost all links of the
immune reactions is the microelement iron. Deficient
income of this element to the organism of the child
is accompanied by decreased activity of natural
killer cells, neutrophils, insufficient production of
.myeloperoxidase, synthesis of IgAand IgG, as well as
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inefficient and inadequate for the level of stimulation
the production of several cytokines [6, 7, 8].
The factors of nonspecific humoral protection
also include iron-containing proteins ferritin and
transferrin, the level of which is impaired by iron
deficiency anemia (IDA). These proteins are involved
into iron metabolism in the organism, functioning
of the cellular and humoral•immjunity systems, has
cytotoxic and cytotropic characteristics [6,7,8,9,10].
T h a t i s w h y t h e s e a r c h for new c r i t e r i a
for d e t e r m i n i n g the d e g r e e and nature of the
immunological response during the communityacquired pneumonia, associated with iron deficiency
anemia in preschool children is actual and priority
area of research in Pediatrics.
The aim of this work was to study the content
of interleukin (IL) 4 and 8, transferrin and ferritin and
their interconnections in the blood serum of preschool
children, who are suffering from the communityacquired pneumonia, associated with iron deficiency
anemia.
Materials and methods
Under the medical observation were 55 patients
with the CAP, aged from 1 to 2 years old, who were
on an inpatient treatment in the department of
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infectious disease of "Sumy city children's clinical
hospital of St. Zinaida". Depending on the presence
of IDA children were divided into the following groups:
group I - patients with CAP without IDA (23 children);
group I I - patients with CAP and with the mild IDA
(32 children). The control group included 19 almost
healthy peers.
The diagnosis of pneumonia verified on the
basis of complaints from parents of sick children,
anamnesis, objective symptoms, data of laboratory
and instrumental methods of examination according
to national protocols of medical care to children with
pulmonary diseases. The degree of iron deficiency
anemia was evaluated in accordance with the level
of hemoglobin according to the national protocols
treatment of iron deficiency anemia of children.
The level of iron-containing proteins, interleukins

4 and 8 were determined in the blood serum using
e n z y m e - l i n k e d i m m u n o s o r b e n t assay (ELISA)
in the dynamics of treatment: 1-3 days after the
hospitalizationand during the period of stable
improvement of the general condition (12-14 days).
Statistical analysis of the obtained results was
carried out using Student's criterion (t) to assess the
validity of the absolute differences of the mean values
and standard error, calculation of the coefficient of
Pearson's paired correlation (r). A P value less than
0.05 was considered significant.
Results and its discussion
The results of this r e s e a r c h s h o w e d that
children, who has community-acquired pneumonia
with or without the iron deficiency anemia observed
changes in the content of pro- and anti-inflammatory
interleukins, transferrin and ferritin.

Table 1. Dynamics of the cytokines' level in the preschool aged children.who are suffering from the communityacquired pneumonia, associated with iron deficiency anemia, M±m

Index
(PG/ml)

Control
group
n=19

1

2

IL-4

22,44±1,61

IL-8

0,21±0,03

Group 1
n=22
Beginning of the
treatment
(n=22)
3
100,75±6,01
p 23 <0,001
48,95±10,18
p 23 <0,001

Group II
n==32
End of the
treatment
(n=11)

4

Beginning of the
treatment
(n=32)
5

6

134,62±13,57
p2.„<0,001
p,.,<0,05
22,88±11,48
p2.4<0,001

122,26±6,29
p 25 <0,001
p,.s<0,05
73,92±6,79
p 2S <0,001

172,64±9,53
p2.6<0,001
p SR <0,001
43,38±13,62
P2 6<0,001

P3-4>0'05

P 3 - 5 <0 .° 5

P6-6>0.°5

End of the
treatment
(n=11)

Notes: P2-3 - the difference between the indices of the children of the control group and of 1 group at the
beginning of treatment; P2-4 - the difference between the indices of the children of the control group and of 1 group
at the end of the treatment; P3-4 - the difference between the indices of the children of 1 group at the beginning
and at the end of the treatment; P2-5 - the difference between the indices of the children of the control group and
of 1 group at the beginning of treatment; P3-5 - the difference between the indices of the children of 1 and 2 groups
at the beginning of treatment; P2-6 - the difference between the indices of the children of the control group and
of 1 group at the end of the treatment; P5-6 - the difference between the indices of the children of 1 group at the
beginning and at the end of the treatment.
The analysis of interleukin-8 in patients of the
group I at the beginning of the disease determined
significant increase of children indices of the control
group (Table 1). The concentration of interleukin-4
in patients of this subgroupwas also increasing
significantly.
Patients of group II were marked by increased
levels of interleukin-8 comparing to the indices of
almost healthy children and patients of group I. The
content of interleukin-4 in patients of group II were
also increased as compared to children in the control
group and group I.
In the analysis of the level of serum transferrin
(STF) in children of the groups I at the beginning
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of the illness significant reduction is determined
relative to the index of the control group (Table 2).
The content of serum ferritin (SF) in patients of group
I was significantly increased. The patients of group
II were marked with higher content of STF against
indexes of almost healthy children.
Meanwhile,
the level of SF in patients of group II was decreased
comparing to the children in the control group. While
the comparison the data received from groups i
and II of children at the beginning of the illness, was
found that patients with CAP with IDA concentration
of STF was significantly higher than in patients with
CAP without, and the content of SF was significantly
lower.
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Table 2. Dynamics of the concentration of transferrin and ferritinin the blood serum of preschool aged
children, who are suffering from community-acquired pneumonia, (M±m)
Index

1 control
group
(n=18)

Group I
(n=23)
Beginning of the
treatment (n=23)

Group II
(n=32)

1
Transferrin, mg/ 278,24±11,37
DL

2
139,17±16,93
P,.2<0,001

3
211,33±24,26
P, 3<0,05
P2.3<0,05

Beginning of
the treatment
(n=32)
4
311,09±11,37
P^O.OS
P, <0,001

Ferritin, ng/ml

121,50±7,50
P,.2<0,001

80,93±9,53
P, 3<0,05
P2.3<0,01

19,95±1,45
P M <0,001
P <0,001

58,25±5,19

End of the
treatment
(n=12)

2-4

'

End of the
treatment (n=11)
5
358,91±18,91
P, 5<0,001
P<.5<0,05
9,02±1,45
P,.6<0,001.
P4.5<0,001

2-4

Notes: p - credibility of differnces; p1-2, p1-4 - between indices of children of control group and 1 and 2 groups
at the beginning of the treatment; p2-4 - between indices at the beginning of the treatment of children froml and
2 groups; p2-3, p4-5 - between indices at the beginning and at the end of the treatment of children from 1 and
2 groups; p1-3, p1-5 - between indices of children of control group and children from 1 and 2 at the end of the
treatment.
To determine a interconnections between the
content of iron-containing proteins and cytokines,
*

Index

we analyzed the correlation between concentrations
of serum ferritin, transferrin and IL-4, IL-8 (Table 3).

Group 1

Group II

Ferritin/1 L-4

-0,5652**

-0,5359**

Ferritin/1 L-8

0,5202*

-0,5271**

Transferrin/1 L-4

-0,3195

0,5643**

Transferrin/1 L-8

-0,4804*

0,4444*

Note. The credibility of differences between the indicators of the content of transferrin, ferritin and indicators of the
levels of interleukins 4 and 8: * - p<0,05, ** - p<0,01.
Thus, among children in the group I was found
negative correlative interconnection of the average
force between the concentrations of ferritin and
IL-4, the levels of transferring and IL-8 and positive
correlation of medium strength ferritin/IL-8. Patients
of the group II had a negative correlation of medium
strength ferritin/IL-4, ferritin/IL-8 and a positive
correlative interconnections between the content
of transferring and IL-4, IL-8. The increase in the
content of proinflammatory IL-8 in the acute period,
perhaps, is the manifestation of the cells reaction of
the monocyte - macrophage link to antigenic timulus.
Increased levels of IL-4 shows the parallel activation
of anti-inflammatory defense mechanisms of the
organism. Along with this, there was significantly
high production of interleukins of children, who
has CAP with IDA, comparing to patients with CAP
without IDA may indicate the intensity and severity of
the infectious process in the organism. It also gives
reason to consider changes in the content of IL-8
and IL-4 as a marker of activity of the inflammatory
response in the child's organism [3, 4, 5].
In the period of acute inflammation were found
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changes in the levels of iron-containing proteins
in children, who has CAP without IDA, possibly
connected with the peculiarities of the influence of
cytokines on the iron transportation, reducing the
availability of bimetal for pathogens in the body, by
reducing the number of transferrin receptors on the
cell surface and increased synthesis of ferritin for iron
depositing. Meanwhile, in the case of iron deficiency
in patients with CAP with IDA reverse processes take
place: suppressed synthesis of ferritin and increased
level of transferring [6, 7, 8].
In the r e c o n v a l e s c e n c e p e r i o d the above
mentioned figures have improved, but the distinctness
of these changes also depended on the presence of
IDA in children. Patients of the group I had significant
increase of the level of interleukin-4 as to the
indicator during acute period, whereas the content
of interleukin-8 in the dynamics of treatment did
not change. However, both indicators did not reach
normal indices in healthy children.
The children in group II had increased level of
interleukin-4 as to indexes of patients during acute
period and almost healthy children and a trend to
27

decrease in the content of interleukin-8, but remained
significantly higher than in the control group.
All patients in the reconvalescence period
had certain dynamics in levels of iron-containing
proteins, however, the degree of manifestation of the
changes depended on the presence of IDA. So, in
the dynamics of treatment in patients of the group I
was significant increase in the level of STF, as well
as reducing the amount of the SF. Along with this full
normalization of both indicators didn't occur. Patients
of group II had further increase in the content of
STF, which was significantly higher than the index of
patients during the acute phase (p < 0.05) and the
children of the control group (p < 0.001). In the blood
serum of patients from group II was lower level of SF
compared to patients during acute period and almost
healthy children (table 2).
T h e r e f o r e , in the e a r l y r e c o n v a l e s c e n c e
period, the level of IL-8 remained increasedwithout
clinical display of the illness, which indicates the
i n c o m p l e t e n e s s of the i n f l a m m a t o r y p r o c e s s .
Synthesis of anti-inflammatory IL-4 in the dynamics
of illness is greatly increased, especially when
concomitant iron deficiency anemia, which could
indicate a structural alteration of the immune
response towards an anti-inflammatory orientation
with the stimulation of humoral, cellular and local
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levels of protection.
Patients with CAP without IDA reconvalescence
was characterized only by improving the content of
transferrin and ferritin, but they did not reach their
level of almost healthy children. More significant
imbalance of iron-containing proteins was observed
in patients with CAP, associated with the IDA, which is
probably affected by iron deficiency in the organism,
that was increased during infectious process. This is
confirmed by increased level of transferrin (p<0.05)
and decreased ferritin (p<0.001) in patients with
community-acquired pneumonia associated with iron
deficiency anemia.
Conclusion
In children with pneumonia was an increase in
the level of pro- and anti-inflammatory cytokines,
more significant in the presence iron deficiency
anemia.
The quantities of iron-containing proteins also
changed, which was characterized by decrease
transferrin and increase ferritin and was more
pronounced in children with pneumonia and anemia.
Changes in the level of pro-and anti-inflammatory
cytokines and iron-containing proteins had a lasting
character and traced throughout the entire period of
observation.
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