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Aim. To determine the pathogenetic role of Toll-like receptors-4 (TLRs-4) in the development of anemia of inflamma-
tion (AI).

Materials and methods. The content of TLRs-4, ferritin and iron in blood serum of 78 children (1.5 ± 0.4 years old on the ave-
rage) was studied by enzyme-linked immunosorbent assay. The main group included 46 children with acute inflammatory 
bacterial diseases of the respiratory system, which were divided into 2 subgroups: the first subgroup included 24 children with 
AI, the second – 22 children without anemia. Depending on the etiological factor, the main group was divided into subgroups: 
1a – 12 patients with AI, Streptococcus pneumoniae was detected as the pathogen, 1b – 12 patients with AI, the pathogen – 
Haemophilus influenzae, 2a – 11 patients without AI, the pathogen – Streptococcus pneumoniae, 2b – 11 patients without 
AI, the pathogen – Haemophilus influenzae. The comparison group included 16 children with iron deficiency anemia without 
inflammatory manifestations. Control group included 16 conditionally healthy children. The observation groups were repre-
sentative by age and sex of the children.

Results. It was determined that the content of TLRs-4 in children in the main group depended on the bacterial pathogen. 
The content of TLRs-4 in the subgroup where Haemophilus influenzae was the etiological factor exceeded more than 2 times 
the results of the control group (P < 0.05), 1.7 times the comparison group, and 2 times relative to their content in the group, 
where the disease was caused by Streptococcus pneumoniae (P < 0.05). There was a close correlation between the content of 
TLRs-4 in the group of patients whose disease was caused by gram-negative flora and the content of ferritin (r = 0.8, P < 0.05). 
The iron in the blood serum of children with anemia of inflammation was significantly lower than in the comparison and control 
groups by 1.6 times (8.78 (6.8215.30) ng/ml and 13.88 (12.74–16.52) ng/ml, respectively, P < 0.05).

Conclusions. The development of AI in young children is accompanied by an increase in TLRs-4, primarily in response to 
the intrusion of gram-negative microflora (Haemophilus influenzae). The content of ferritin is directly dependent on their level, 
which suggests the starting role in the protective mechanism of iron sequestration, which is an important link in the pathogenesis 
of the development of AI.

Роль Toll-подібних рецепторів-4 в патогенезі розвитку анемії запалення  
в дітей раннього віку

Г. О. Леженко, А. О. Погрібна
Мета роботи – вивчення патогенетичної ролі Toll-подібних рецепторів-4 (ТПР-4) у розвитку анемії запалення.

Матеріали та методи. Вивчили вміст TПР-4, феритину й заліза в сироватці крові 78 дітей (середній вік – 1,5 ± 0,4 
року) методом імуноферментного аналізу. В основну групу включили 46 дітей, які мали гострі запальні бактеріальні 
захворювання органів дихання; групу поділили на 2 підгрупи: перша – 24 дитини з анемією запалення, друга – 22 
дитини без анемії. Залежно від етіологічного чинника основну групу дослідження поділили на підгрупи: 1а – 12 
пацієнтів з анемією запалення, збудник – Streptococcus pneumoniae, 1b – 12 дітей з анемією запалення, збудник – 
Haemophilus influenzae, 2a – 11 хворих без анемії запалення, збудник – Streptococcus pneumoniae, 2b – 11 осіб без 
анемії запалення, збудник – Haemophilus influenzae. У групу порівняння залучили 16 дітей із залізодефіцитною 
анемією без запальних проявів, у контрольну групу – 16 умовно здорових дітей. Групи спостереження репрезента-
тивні за віком і статтю дітей.

Результати. Встановили, що вміст ТПР-4 в дітей основної групи залежав від бактеріального збудника. Вміст ТПР-4 в 
підгрупі, де етіологічним фактором була Haemophilus influenzae, більш  ніж удвічі перевищував результати групи кон-
тролю (p < 0,05), в 1,7 раза – групи порівняння, вдвічі – щодо вмісту у групі, де захворювання  зумовлено Streptococcus 
pneumoniae (p < 0,05). 

Встановили тісний прямий кореляційний зв’язок між концентрацією ТПР-4 у групі пацієнтів, захворювання яких спри-
чинене грамнегативною флорою, та вмістом феритину (r = 0,8, p < 0,05). Вміст заліза в сироватці крові дітей з анемією 
запалення був вірогідно нижчим, ніж показники груп порівняння та контролю в 1,6 раза (8,78 (6,82–15,30) нг/мл і 13,88 
(12,74–16,52) нг/мл відповідно, p < 0,05).

Висновки. Розвиток анемії запалення в дітей раннього віку супроводжується підвищенням рівня ТПР-4, передусім у 
відповідь на грамнегативну мікрофлору (Haemophilus influenzae). Вміст феритину прямо залежить від їхнього рівня, 
що дає підстави для припущення щодо пускової ролі ТПР-4 в захисному механізмі секвестрації заліза, який є найваж-
ливішою ланкою в патогенезі розвитку анемії запалення.
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Роль Toll-подобных рецепторов-4 в патогенезе развития анемии воспаления  
у детей раннего возраста

Г. А. Леженко, А. А. Погребная
Цель работы – изучение патогенетической роли Toll-подобных рецепторов-4 (ТПР-4) в развитии анемии воспаления.

Материалы и методы. Изучили содержание TПР-4, ферритина и железа в сыворотке крови 78 детей (средний возраст – 
1,5 ± 0,4 года) методом иммуноферментного анализа. В основную группу включили 46 детей с острыми воспалительными 
бактериальными заболеваниями органов дыхания, которых поделили на 2 подгруппы: первая – 24 ребенка с анемией 
воспаления, вторая – 22 ребенка без анемии. В зависимости от этиологического фактора основную группу исследо-
вания разделили на подгруппы: 1а – 12 пациентов с анемией воспаления, возбудитель – Streptococcus pneumoniae, 
1b – 12 больных с анемией воспаления, возбудитель – Haemophilus influenzae, 2a – 11 детей без анемии воспаления, 
возбудитель – Streptococcus pneumoniae, 2b – 11 пациентов без анемии воспаления, возбудитель – Haemophilus 
influenzae. Группу сравнения составили 16 детей с железодефицитной анемией без воспалительных проявлений, 
контрольную группу – 16 условно здоровых детей. Группы наблюдения репрезентативны по возрасту и полу детей.

Результаты. Установлено, что содержание ТПР-4 у детей в основной группе зависело от бактериального возбуди-
теля. Содержание ТПР-4 в подгруппе, где этиологическим фактором был Haemophilus influenzae, превышало более 
чем 2 раза результаты группы контроля (p < 0,05), в 1,7 раза – группы сравнения, в 2 раза больше относительно их 
содержания в группе, где заболевание было обусловлено Streptococcus pneumoniae (p < 0,05). Отмечена тесная 
прямая корреляционная связь между содержанием ТПР-4 в группе пациентов, заболевание которых вызвано грам-
отрицательной флорой, и содержанием ферритина (r = 0,8, p < 0,05). Содержание железа в сыворотке крови детей с 
анемией воспаления было достоверно ниже показателей групп сравнения и контроля в 1,6 раза (8,78 (6,82–15,30) нг/мл  
и 13,88 (12,74–16,52) нг/мл соответственно, p < 0,05). 

Выводы. Развитие анемии воспаления у детей раннего возраста сопровождается повышением уровня ТПР-4, прежде 
всего в ответ на внедрение грамотрицательной микрофлоры (Haemophilus influenzae). Содержание ферритина нахо-
дится в прямой зависимости от их уровня, что позволяет предположить пусковую роль ТПР-4в защитном механизме 
секвестрации железа, который является важнейшим звеном в патогенезе развития анемии воспаления.

Toll-like receptors (TLRs) are important mediators of the in-
flammatory response and the corresponding activation of 
immune cells in response to the development of the infec-
tious process and tissue damage. They are expressed on 
macrophages, neutrophils, natural killers, dendritic cells 
and recognize highly conserved type mole cules charac-
teristic for entire groups of microorganisms, the so-called 
“pathogen-associated microbial patterns”. Components of 
bacterial walls can serve as examples of such structures: 
lipopolysaccharides of gram-negative bacteria, peptido-
glycans and lipoteichoic acids of gram-positive bacteria, 
flagellin, viral nucleic acids [1]. However, despite the very 
wide variety of receptors in this family, it was found that 
TLRs-4 bind predominantly to bacterial antigens [2].

It is known that in response to the inflammatory pro-
cess, an increase in hematopoiesis is observed, which 
is due to the satisfaction of a high need for an immune 
response. Signaling of Toll-like receptors is involved in 
the regulation of hematopoiesis by inducing proliferation 
and differentiation of cells of myeloid origin in response to 
the inflammatory process in the body [3], and its violation 
can lead to a disorder in normal hematopoiesis [4].

Hemoglobin released during erythrocyte lysis can 
initiate TLRs-4-dependent signaling and trigger NF-κB 
activation in surrounding cells [5]. The role of TLRs-4 has 
been proven in the implementation of hemophagocytosis, 
which occurs in response to their recognition of bacterial 
pathogens, by inducing macrophages [6].

Given the study of anemia of inflammation (AI), of 
particular interest are the studies of Paula G. Fraenkel 
(2016), which demonstrate the activation of TLRs-4 
signaling in response to the release of lipopolysaccha-
ride due to bacterial infection, which, in turn, leads to 
increased production of pro-inflammatory cytokines 

inducing the production of the main protein of iron depot 
in the reticuloendothelial system – ferritin [7–9].

Aim
To determine the pathogenetic role of Toll-like receptors-4 
(TLRs-4) in the development of anemia of inflammation.

Materials and methods
We observed 78 young children: the average age of 
the patients was 1.5 ± 0.4 years. The main group included 
46 children with acute inflammatory bacterial diseases of 
the respiratory organs: acute bronchitis was diagnosed 
in 35 patients, pneumonia – in 11 children. Taking into 
account the hematological picture, the patients of the main 
group were divided into two subgroups: the first subgroup 
consisted of 24 children with AI, which was diagnosed 
4–5 days after the onset of the disease, the second – 22 
children with acute bacterial diseases of the respiratory 
tract without manifestations of anemia. The dominant 
pathogens of acute bacterial bronchitis were identified: 
Haemophilus influenzae – in 18 (50 %) children, Strepto-
coccus pneumoniae – in 16 (44 %); pneumonia – Strepto-
coccus pneumoniae – in 7 (58.3 %) children, Haemophilus 
influenzae – in 5 (41.6 %). Depending on the etiological 
factor, the main group of the study was divided into four 
subgroups: subgroup 1a consisted of 12 patients with AI, 
Streptococcus pneumoniae was identified as a pathogen, 
subgroup 1b consisted of 12 patients with AI, the patho-
gen – Haemophilus influenzae, subgroup 2a included 
11 patients without AI, the pathogen – Streptococcus 
pneumoniae, subgroup 2b included 11 patients without 
AI, the pathogen – Haemophilus influenzae.
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The comparison group consisted of 16 children 
with iron deficiency anemia without manifestations of 
inflammatory diseases of the respiratory system. The 
control group was represented by 16 conditionally healthy 
children. The observation groups were representative by 
age and sex of the children.

The study of the microbial spectrum of biomaterial 
from the mucous membranes of the oropharynx was 
carried out before antibiotic therapy was prescribed 
on the VITEK 2 COMPACT bacteriological analyzer 
(BioMérieux, France) using AES software: Global  
CLSI-based + Phenotypic.

An enzyme-linked immunosorbent assay (ELISA) 
determined the content of TLRs-4 and ferritin in the blood 
serum of children of the observation groups. For the study, 
the following kits were used: ELISA Kit for Toll-Like Re-
ceptor 4 (TLR4) (Cloud-Clone Corp., USA), Ferritin ELISA 
(ORGENTEC Diagnostika GmbH, Germany).

Statistical analysis of the data was performed using 
the statistical packages Excel and Statistica 13.0 (Stat-
SoftInc. No. JPZ8041382130ARCN10-J). The coefficient 
of variation Сv was calculated by the formula:

Cv =
σ

× 100 %, where
М

σ – standard deviation, М – arithmetic mean.
With Cv over 20 %, it was considered that the variation 

series has a large variety, at 10–20 % it is average, and 
with a coefficient of less than 10 % the diversity is weak.

The normality check was carried out by the Shap-
iro–Wilk test. We used the method of correlation analysis 
with the calculation of the Spearman correlation coeffi-
cient. With an uneven distribution of characters and a 
non-linear character of the dependence, the median and 
quartiles were used (Me (Q25; Q75)). To assess the dif-
ferences in indicators, the nonparametric Mann–Whitney 
U-test was calculated as a nonparametric analogue 
of the Student criterion. Differences were considered 
significant at P < 0.05.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and national research committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Informed consent 
was obtained from all individual participants included in 
the study. The full data set by children, their parents, 
and physician that support the findings of this study are 
not publicly available due to the restrictions of the ethics 
approval originally obtained.

Results
The results of the study of the TLRs-4 content in the blood 
serum of children under observation are presented in 
Table 1.

Analyzing the results, we noted an increase in 
the content of TLRs-4 in children with AI. A significant 
difference between the content of TLRs-4 in the blood 
serum of children under observation was observed only 
between the main group and the control group (P < 0.05). 
A tendency to increase without a statistical difference 
(P > 0.05) was revealed between the main group and 
the comparison group. However, taking into account 
the high coefficient of variation in the main group, we 
determined a significant variation in the results in the main 
group of the study (Fig. 1).

As shown in Fig. 1 in children of the first and second 
subgroups a wide variability in the content of TLRs-4 
(0.10–0.25 ng/ml and 0.10–0.20 ng/ml, respectively) in 
the blood serum was demonstrated. Despite the fact that 
there was no significant difference between the content 
of TLRs-4 in the blood serum of patients of the main 
group and the comparison group, in contrast to the main 
group, the scatter of results in children with iron deficien-
cy anemia was not significant. The smallest variability 
in the results of the content of TLRs-4 was observed in 
the control group.

Taking into account the significant variability in 
the content of TLRs-4 in the blood serum of patients of 
the main group, which indicated its heterogeneity, we 
ranked the results depending on the etiological factor. 
The data obtained confirmed the logic of the assumption 
made. A statistically significant increase in the level of 
TLRs-4 in the blood serum of patients whose diseases are 
caused by gram-negative flora (Haemophilus influenzae) 
was established (Table 2).

The data obtained indicate that the development of 
AI that manifested against the background of a disease 
caused by Haemophilus influenzae was accompanied by 
a statistically significant increase in the level of TLRs-4 
in the blood serum more than 2 times in comparison with 

Table 1. The TLRs-4 content in the blood serum of the observation groups  
(Me(Q25; Q75))

Indicator Main group, n = 46 Comparison 
group, n = 16

Control group, 
n = 16Subgroup 1, 

n = 24
Subgroup 2, 
n = 22

TLRs-4, ng/ml 0.16 (0.10; 
0.25)*

0.14 (0.19; 
0.20)*

0.14 (0.12; 
0.16)

0.1 (0.09; 0.12)

Coefficient of 
variation (Cv), %

58.50 40.90 19.30 14.04

*: P < 0.05 the significance of differences compared with the control group indicators.

Median 
25–75 % 
Non-Outlier 
Range 
Outliers
Extremes1 2 3 4

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Fig. 1. Diagram of variation of TLRs-4 content in the blood serum of the observation groups.

1: the first subgroup; 2: the second subgroup; 3: comparison group; 4: control group.
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the control groups (P < 0.05), and 1.7 times relative to 
the comparison group (P < 0.05). The content of TLRs-4 
in the group of children with acute bacterial inflammatory 
diseases without AI caused by Haemophilus influenzae 
was 2 times higher than in the control group (P < 0.05) and 
1.5 times higher than the results in the comparison group 
(P < 0.05). In the group of children where Haemophilus 
influenzae was the etiological bacterial pathogen, the level 
of TLRs-4 was 2.4 times higher in the 1b subgroup and 
2 times in the 2b subgroup compared with the indicators 
of the subgroups 1a and 2a, in which the infection was 
caused by Streptococcus pneumoniae. The content of 
Toll-like receptors-4 in the blood serum of the main group, 
the main disease in which was caused by Streptococcus 
pneumoniae, did not differ from that in the control group, 
and was 1.4 times lower than in the comparison group 
(Table 2, Fig. 2).

Diagram of variation of the content of TLRs-4 in 
the blood serum showed no scatter in subgroup 2a. The 
smallest range of results was noted in both subgroups 
of the main group, where Haemophilus influenzae was 
the etiological factor. 

We observed a direct correlation between the content 
of TLRs-4 in the group of patients whose disease was 
caused by gram-negative bacterial flora and the serum 
ferritin content in the children under observation (r = 0.8, 
P < 0.05). It was noted that the content of ferritin slightly 
varied between subgroups of the main group, exceeding 
that in the control group (P < 0.05) and comparison 
(P < 0.05) (Table 3). The serum ferritin content in children 
with iron deficiency anemia exceeded that in the control 
group by 1.5 times (P > 0.05).

Hemoglobin content in the blood serum of the first 
subgroup of the main study group showed a character-
istic laboratory picture for anemia, and corresponded to 
the parameters of the comparison group (P < 0.05).

The iron content in the blood serum of children of 
the main study group was significantly lower when com-
pared with the indicators of the comparison and control 
group (P < 0.05), however, its value did not differ between 
the subgroups of the main study group, demonstrating 
the developing latent iron deficiency in the second sub-
group of the main group. The level of iron in the blood 

serum did not differ between the comparison and control 
groups (P > 0.05), which is explained by the planned 
administration of iron-containing drugs in children under-
going inpatient treatment for iron deficiency anemia. Our 
study demonstrates a pronounced negative correlation 
between the content of ferritin and the level of iron in 
the blood serum of children who were under observation 
(r = -0.8, P < 0.05), which looks logical, taking into account 
the pathogenesis of AI, the main link which is represented 
by sequestration of iron in the depot.

Discussion
Summarizing the data obtained, it can be said that 
the development of AI in young children with bacterial 
diseases of the respiratory system proceeds against 

Table 2. The TLRs-4 content in the blood serum of the observation depending on the etiologic pathogen (Me(Q25; Q75))

Indicator Main group, n = 46 Comparison group, n = 16 Control group, n = 16
Streptococcus pneumoniae Subgroup 1a, n = 12 Subgroup 2a, n = 11 0.14 (0.12; 0.16) 0.10 (0.09; 0.12)

0.10 (0.07; 0.10)# 0.10 (0.10; 0.10)#

Haemophilus influenzae Subgroup 1b, n = 12 Subgroup 2b, n = 11
0.24 (0.23; 0.25)*,#,1 0.2 (0.18; 0.20)*,#,2

*: P < 0.05 the significance of differences compared with the control group indicators; #: P < 0.05 the significance of differences compared with the comparison group 
indicators; 1: P < 0.05 the significance of differences compared with the subgroup 1а; 2: P < 0.05 the significance of differences compared with the subgroup 1b.

Table 3. Some indicators of iron metabolism in the observation groups (Me (Q25; Q75))

Indicator Main group, n = 48 Comparison group, n = 15 Control group, n = 15
Subgroup 1, n = 26 Subgroup 2, n = 22

Hemoglobin, g/L 100 (97; 107)* 129 (119; 136.5) * 101 (95; 106) 125 (119; 132)
RBC, Т/L 3.7(3.40; 4.01)* 4.49(3.94; 5.04)* 4.0 (3.50; 4.40) 4.7 (4.31; 5.10)
Ferritin, ng/mL 56.5 (48; 63)*,# 52 (45; 78)*,# 43.5 (23; 48)* 29 (16; 50)
Iron, mol/L 8.78 (6.82; 15.30)*,# 9.85 (7.55; 12.50)*,# 13.1 (9.74; 17.22) 13,88 (12.74; 16.52)

*: P < 0.05 the significance of differences compared with the control group indicators; #: P < 0.05 the significance of differences compared with the comparison group indicators.

1a 1b 2a 2b 3 4
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Median 
25–75 % 
Non-Outlier 
Range 
Outliers
Extremes

Fig. 2. Diagram of variation of TLRs-4 content in the blood serum of the observation groups 
depending on the etiologic pathogen.

1a: the first subgroup, the pathogen – Streptococcus pneumoniae; 1b: the second subgroup, 
the pathogen – Haemophilus influenzae; 2a: the first subgroup, the pathogen – Streptococcus 
pneumoniae; 2b: the second subgroup, the pathogen – Haemophilus influenzae; 3: comparison 
group; 4: control group.
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the background of a high level of TLRs-4. Additionally, it 
was found that the content of TLRs-4 varied significantly 
and was statistically significantly increased in cases 
where Haemophilus influenzae was the etiological factor 
of the disease. The obtained data can be explained by 
the structural features of bacterial pathogens. The walls 
of gram-negative bacteria contain lipopolysaccharide 
endotoxin, which is responsible for the activation of innate 
defense mechanisms through TLRs-4. In turn, lipoteichoic 
acid, peptidoglycan, and lipoproteins are located on 
the walls of gram-positive bacteria, which induce inflam-
matory reactions mainly through TLRs-2 [9].

The results of our study also demonstrate the differ-
ence between high levels of ferritin and the iron content 
in the blood serum of children with iron deficiency anemia 
compared with a group of relatively healthy children. 
We suggest that the administration of iron-containing 
medicines to inpatient children was a compensating 
factor for iron deficiency in the blood. The studies of F. 
Dumler (2003) [5,10] support our assumption. In turn, 
the revealed direct correlation between TLRs-4 and 
ferritin against the background of a reliably low iron level 
in children of the first subgroup and latent iron deficiency 
in children of the second subgroup probably indicates 
immuno-sequestered iron sequestration in children from 
the first subgroup, which is a leading pathogenetic link in 
the development of AI. Taking into account the literature 
data, we can assume that iron sequestration is the result 
of activation of a number of its redistribution mechanisms 
by proinflammatory cytokines in case of AI, in particular, 
induction of ferritin expression [6,10,12]. The high con-
tent of Toll-like receptors-4 in serum with inflammation 
anemia, proportional to the level of ferritin, suggests 
their protective role, aimed at inhibiting the transport 
of iron in the body. Our assumption is consistent with 
studies by Carole Peyssonnaux et al. (2006), in which 
the direct role of TLRs-4 in the inhibition of ferroportin 
is indicated, which leads to disruption of the transport 
of cellular iron into blood plasma [3,8,14]. These data 
indicate a coordinated innate immune response of mac-
rophages in response to TLRs-4 signals to a decrease 
in iron export by ferroportin at both transcriptional and 
post-translational levels [3,15].

Conclusions
1. The development of AI in young children is accom-

panied by an increase in the level of TLRs-4, primarily 
in response to the intrusion of gram-negative microflora 
(Haemophilus influenzae).

2. The content of the protein complex of ferritin iron 
deposition is directly dependent on the level of TLRs-4, 
which suggests the role of the latter in the protective 
mechanism of iron sequestration, which is an important 
link in the pathogenesis of the development of inflam-
mation anemia.
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