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Abstract. Background. The purpose was to study the pathophysiological relationship of vitamin D and interleukin-6
(IL-6) and its role in the development of anemia of inflammation in young children with acute inflammatory bacterial
diseases of the respiratory tract. Materials and methods. The content of 25(0H)D,, IL-6, and ferritin was analyzed in
40 young children (average age 1.6 = 0.4 years) by enzyme immunoassay. The basic group consisted of 20 children with
acute inflammatory bacterial diseases of the respiratory tract: 14 patients were diagnosed with acute bacterial bronchi-
tis, and 6 children were diagnosed with pneumonia. Patients of the basic group were divided into two subgroups: the first
group consisted of 10 children with anemia of inflammation, the second — 10 children with acute bacterial diseases of the
respiratory tract without manifestations of anemia. The comparison group consisted of 10 children with iron deficiency
anemia without manifestations of inflammatory respiratory diseases. Ten apparently healthy children represented the con-
trol group. Results. In the first subgroup of children, the level of 25(OH)D, was borderline (29.99 (28.1; 36.5) ng/ml),
in the second subgroup, its insufficiency was observed (27.4 (26.1; 31.2) ng/ml). The level of 25(0H)D,was 1.3—1.6 times
lower than the indicators of patients in the control group (43.0 (38.2; 47.0) ng/ml) (p < 0.05). The level of 25(0OH)D,
in the blood serum of children from the comparison group (38.0(34.0; 41.0) ng/ml) did not differ from the data in the control
group (p > 0.05), but compared to the basic group, it was significantly higher (p < 0.05). The analysis of the IL-6 content in
the blood serum of children showed that in the first subgroup its level exceeded the values of the control group (5.63 (4.52;
5.74) pg/ml) (p < 0.05) but was statistically lower than the indices obtained in the second subgroup (6.63 (4.82; 8.93) pg/ml)
(p < 0.05). At the same time, we did not find a statistically significant difference between the indices of the comparison and
control groups (p > 0.05). When the level of vitamin D supply is below 30 ng/ml, the established relationships are violated
and the deposition of iron worsens, which in turn creates conditions for the further vital activity of the pathogen. Conclu-
sions. The course of acute inflammatory bacterial diseases of the respiratory system in young children is characterized by
a decrease in the level of vitamin D, in the blood serum whereby the content of pro-inflammatory cytokines negatively cor-
relates with the level of vitamin D. The development of anemia of inflammation indicates a certain balance of pro- and anti-
inflammatory factors in the pathogenesis of acute inflammatory bacterial diseases of the respiratory tract in young children.
Keywords: young children; anemia of inflammation; vitamin D; interleukin-6

Introduction

Anemia of inflammation (Al) is a disease similar to iron
deficiency anemia, which is characterized by a decrease in
the level of iron in the blood serum, but it is distinct in a
protective iron redistribution character [1]. Pro-inflamma-
tory cytokines play the leading role in the pathogenesis of

the Al, which implement the immune defense mechanism
to reduce the availability of iron for extracellular pathogens
since the presence of iron creates favorable conditions for
their growth and reproduction. Pro- and anti-inflamma-
tory cytokines interfere with the iron uptake by erythroid
precursors. At the same time, it promotes iron storage in
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macrophages by stimulating the expression of ferritin [2].
Meanwhile, the literature data indicate that vitamin D
promotes erythropoiesis by increasing the proliferation of
erythroid precursors and reducing pro-inflammatory cyto-
kines. Vitamin D can suppress hepcidin expression due to
decreasing the level of pro-inflammatory cytokines through
direct regulation of HAMP gene transcription. The de-
crease in pro-inflammatory cytokines and hepcidin can
elevate the bioavailability of iron for erythropoiesis and
hemoglobin synthesis by restoring iron recirculation, pre-
venting iron sequestration in macrophages, and elimina-
ting impaired iron absorption, thereby protecting against
Al [3-5]. In addition to lowering pro-inflammatory cyto-
kines, vitamin D supports erythropoiesis by increasing the
proliferation of erythroid units (BFU-E) and synergizes
with erythropoietin to further enhance the proliferation of
erythroid progenitor cells [6, 7].

The purpose: to study the pathophysiological relation-
ship of vitamin D and interleukin-6 (IL-6), and its role in
the development of anemia of inflammation in young chil-
dren with acute inflammatory bacterial diseases of the respi-
ratory tract.

Materials and methods

The study included 40 children aged 1 month to 3 years
(the average age of patients was 1.6 £ 0.4 years). The ba-
sic group consisted of 20 children with acute inflammatory
bacterial diseases of the respiratory tract: 14 patients (70 %)
were diagnosed with acute bronchitis, 6 (30 %) — with pneu-
monia. Taking into account the hematological picture, the
basic group was divided into two subgroups. The first sub-
group included 10 children with anemia of inflammation,
which was determined 4—5 days after the onset of the di-
sease. The second subgroup consisted of 10 children without
anemia. Ten children with iron deficiency anemia without
inflammatory manifestations represented the comparison
group. The control group included 10 apparently healthy
children. The observation groups were matched by the age
and sex of the children. All patients who were enrolled in the
study routinely received a vitamin D, supplement according
to clinical protocols.

The content of IL-6, 25(OH)D,, ferritin in blood se-
rum was determined by enzyme immunoassay using com-
mercial kits Human Interleukin 6 ELISA Kit (Elabscience
Biotechnology Inc., USA), 250H Vitamin D Total ELISA
(DIAsource ImmunoAssays S.A., Belgium), Ferritin ELISA
(ORGENTEC Diagnostika GmbH, Germany).

The normality test was carried out by the Shapiro-Wilk
test. We used the method of correlation analysis with the
calculation of the Spearman’s correlation coefficient. With
uneven distribution of characters and a non-linear depen-
dence, the median and quartiles were used (Me (Q25; Q75)).
To assess the differences in indicators, the non-parametric
Mann-Whitney U-test was calculated as a non-parametric
analogue of the Student’s criterion. The differences were
considered significant at p < 0.05.

All procedures performed in studies involving human
participants were under the ethical standards of the institu-
tional and national research committee and with the 1964
Declaration of Helsinki and its later amendments or compa-

rable ethical standards. Informed consent was obtained from
all individual participants enrolled 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 and discussion

Based on the literature data indicating the important
role of vitamin D and IL-6 in the pathogenesis of Al, we
studied their content in children under observation. The re-
sults are shown in Fig. 1 and 2.

As can be seen from the data presented, the acute bac-
terial diseases of the respiratory system in young children
occurred against the background of insufficient vitamin D
supply, the content of which was 28.6 (26.6; 31.7) ng/ml.
Taking into account the fact that the aforementioned vita-
min is categorically necessary for the normal functioning of
the immune system and given the anamnesis data, which in-
dicated that all children included in the study were routinely
administered prophylactic doses of the vitamin, a possible
increased consumption of 25(OH)D, is likely to result from
an infectious process. When further analyzing the data ob-
tained, we drew attention to the different degree of vitamin
D provision in two comparison subgroups. So, in the first
subgroup of children the level of 25(OH)D, was borderline
(29.99 (28.1; 36.5) ng/ml), while in the second subgroup, we
registered its insufficiency (27.4 (26.1; 31.2) ng/ml). At the
same time, the level of provision of 25(OH)D, was 1.3—1.6
times lower than the indicators of patients in the control
group (43.0 (38.2; 47.0) ng/ml) (p < 0.05).

Comparing the results obtained in the comparison
group, it was noted that the level of 25(OH)D, in blood se-
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Figure 1. The content of 25(OH)D, in the blood
serum in the study groups, ng/ml
Notes: 1 — the first subgroup; 2 — the second
subgroup; 3 — comparison group; 4 — control group
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rum (38.0 (34.0; 41.0) ng/ml) did not differ from the data
in the control group (p > 0.05), but compared to the basic
group it was significantly higher (p < 0.05).

Taking into account the numerous data on the role of
IL-6 in the development of inflammation, we studied its
content in the study groups.

The next stage of our work was to study the content of
IL-6 in the blood serum, which has a pro-inflammatory
orientation. As can be seen from the data in Fig. 2, the
development of the inflammatory process in the respira-
tory tract was accompanied by an almost threefold increase
in the content of IL-6 in the blood serum (6.13 (4.52;
8.93) pg/ml) (p < 0.05). The analysis of the IL-6 con-
tent in the blood serum of children from the observation
groups, taking into account the characteristics of the sub-
groups, showed that in the first subgroup its level exceed-
ed the indicators of the control group (5.63 (4.52; 5.74)
pg/ml) (p < 0.05) but was statistically lower than the data
obtained in the second subgroup (6.63 (4.82; 8.93) pg/ml)
(p <0.05).

At the same time, we did not find a statistically signifi-
cant difference between the indices of the comparison and
control groups (p > 0.05). Pro-inflammatory cytokines,
among which IL-6 plays a central role, disrupt iron uptake
by erythroid precursors and promote iron storage in macro-
phages by stimulating ferritin expression [2]. Our results are
consistent with literature data, which established that IL-6
is a mediator responsible for increasing ferritin levels [9].
Decreased iron levels, accompanied by increased plasma
ferritin and hepcidin levels, are characteristic of inflamma-
tory anemia, while iron deficiency anemia is characterized
by iron deficiency accompanied by low plasma ferritin and
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Figure 2. The content of IL-6 in the blood serum
in the study groups, pg/ml
Notes: 1 — the first subgroup; 2 — the second
subgroup; 3 — comparison group; 4 — control group

hepcidin levels [1]. Iron deficiency and increased produc-
tion and activation of leukocytes realize a protective func-
tion due to the production of erythrocytes and an increase
in their survival. Leukocytosis and a decrease in iron con-
tent reduce the number of erythroid precursors, and the
activation of macrophages shortens the life span of eryth-
rocytes. The long life expectancy of erythrocytes mitigates
the effects of decreased erythropoiesis during most acute
infections [1].

Zittermann A. et al. described the vitamin D-induced
enhancement of the destruction of pathogens by mediators
of antibacterial activity — neutrophils and a.-defensins [10].
Probably, the level of vitamin D determined by us allows en-
suring the implementation of its physiological functions in
the body, however, presumably, its content is insufficient for
the implementation of an immune response at the local level
in the fight against pathogens. These results are consistent
with the proposed mechanisms underlying the relationship
between the concentration of vitamin D and the develop-
ment of Al, the main pathogenetic link of which is the dys-
regulation of iron due to the sequestration of iron in the cells
of the reticuloendothelial system as a result of the action of
pro-inflammatory markers [8].

Previously, we studied the data concerning the level of
ferritin in patients of the study groups, and observed its in-
crease in the first subgroup by 1.6 times compared with the
control group (p < 0.05) (56.51 (48.0; 63.0) and 29.0 (16.0;
50.0) ng/ml, respectively) and 1.5 times versus the compari-
son group (43.51 (23.0; 48.0) ng/ml) (p < 0.05) [11].
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Taking into account the fact that Al is protective and
based on the above literature data, we studied the relation-
ship of vitamin D (depending on its level), interleukin-6,
ferritin, and hemoglobin.

These data make it clear that when the level of vitamin
D supply is below 30 ng/ml, the established relationships
are violated and the deposition of iron worsens, which in
turn creates conditions for the further vital activity of the
pathogen. It should be noted that the studies by Bacchetta J.
et al. demonstrated that in vivo vitamin D supplementation
was predominantly accompanied by a decrease in serum fer-
ritin levels [3]. The ultimate significance of this is not well
understood but may reflect a generalized anti-inflammatory
response due to an increased vitamin D concentration in the
body. In turn, Bacchetta J. et al. showed that an increase in
the concentration of vitamin D in the body affects the ex-
pression of hepcidin by reducing the circulation of the pro-
inflammatory cytokine I1L-6 [3].

Conclusions

1. The course of acute bacterial respiratory diseases in
young children is characterized by a decrease in the level of
vitamin D, in the blood serum, in which the level of pro-
inflammatory cytokines negatively correlates with the level
of vitamin D.

2. The development of anemia of inflammation indicates
a certain balance of pro- and anti-inflammatory factors in
the pathogenesis of acute bacterial respiratory diseases in
young children.
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NexxkeHko [.O., lorpibHa A.O.

3Qropi3bKu AEPIKABHUM MEANYHIN YHIBEPCUTET, M. 3Qrnopioks, YKpaiHa

PoAb BiTaMiHY D, 1 iHTepAelKiHy-6 B naToreHesi aHeMii 3anaAeHHs B Aiten
i3 roCTPUMM 3ANAABHUMU 6AKTEPIAABHUMM 3AXBOPIOBAHHSIMU PECTIPATOPHOro TPAKTY

Pesrome. Merta: BuBuuty natodizionoriuHuii B3a€Mo3B’SI30K
Bitaminy D Ta iHtepneiikiny-6 (IJI-6), a Takox iX posib y po3-
BUTKY aHeMil 3anajieHHs B AiTeil paHHbOTO BiKYy i3 TOCTPUMM 3a-
MaJbHUMU OaKTepiaTbHUMU 3aXBOPIOBAHHSIMU OPTaHiB IMXaH-
Ha. Marepiaau Ta MeToau. Busnaumnu smict 25(OH)D,, 1J1-6
Ta peputuny B 40 miteit paHHbOrO BiKy (cepeaHiit Bik 1,6 + 0.4
POKY) MeTomoM iMyHohepMeHTHOro aHaiizy. OCHOBHY TIpyIy

craHoBwIM 20 AiTeit i3 TOCTPUMM 3aNalbHUMM GaKTepiaJbHUMU
3aXBOPIOBAHHSIMU PECITIPATOPHOTO TPAKTY, cepell IKuX y 14 nati-
€HTIB OYB JIiarHOCTOBAaHWI TOCTPUIi OaKTepiaIbHUI OPOHXIT, a y
6 miteit — mHeBMOHis. [1allieHTH OCHOBHOI TpyIU OYJIU PO3/IiIeHi
Ha IIBi miaTpynu: mepia BKiaodana 10 mgiTeit 3 aHeMi€lo 3amaieH-
Hs1, apyra — 10 giTeii 3 rocTpUMU OaKTepialbHUMU 3aXBOPIOBaH -
HSIMU pecripaTOpHOIo TpakTy 6e3 MposiBiB aHeMii. [pymy mopis-

114

Zdorov'e rebenka, I1SSN 2224-0551 (print), ISSN 2307-1168 (online)

Vol. 16, No 2, 2021


https://pubmed.ncbi.nlm.nih.gov/31532961/
https://pubmed.ncbi.nlm.nih.gov/31532961/
https://pubmed.ncbi.nlm.nih.gov/25976966/
https://pubmed.ncbi.nlm.nih.gov/25976966/
https://pubmed.ncbi.nlm.nih.gov/25976966/
https://pubmed.ncbi.nlm.nih.gov/24204002/
https://pubmed.ncbi.nlm.nih.gov/24204002/
https://pubmed.ncbi.nlm.nih.gov/24204002/
https://pubmed.ncbi.nlm.nih.gov/25097830/
https://pubmed.ncbi.nlm.nih.gov/25097830/
https://pubmed.ncbi.nlm.nih.gov/25097830/
https://pubmed.ncbi.nlm.nih.gov/25097830/
https://pubmed.ncbi.nlm.nih.gov/24681760/
https://pubmed.ncbi.nlm.nih.gov/24681760/
https://pubmed.ncbi.nlm.nih.gov/24681760/
https://pubmed.ncbi.nlm.nih.gov/12031646/
https://pubmed.ncbi.nlm.nih.gov/12031646/
https://pubmed.ncbi.nlm.nih.gov/12031646/
https://pubmed.ncbi.nlm.nih.gov/12031646/
https://pubmed.ncbi.nlm.nih.gov/14694273/
https://pubmed.ncbi.nlm.nih.gov/14694273/
https://pubmed.ncbi.nlm.nih.gov/14694273/
https://pubmed.ncbi.nlm.nih.gov/14694273/
https://pubmed.ncbi.nlm.nih.gov/30401705/
https://pubmed.ncbi.nlm.nih.gov/30401705/
https://www.biomedres.info/biomedical-research/clinical-significance-of-serum-il6-tnfalph-hepcidin-and-epo-levels-in-anaemia-of-chronic-disease-and-iron-deficiency-anaemia-the-l.html
https://www.biomedres.info/biomedical-research/clinical-significance-of-serum-il6-tnfalph-hepcidin-and-epo-levels-in-anaemia-of-chronic-disease-and-iron-deficiency-anaemia-the-l.html
https://www.biomedres.info/biomedical-research/clinical-significance-of-serum-il6-tnfalph-hepcidin-and-epo-levels-in-anaemia-of-chronic-disease-and-iron-deficiency-anaemia-the-l.html
https://www.biomedres.info/biomedical-research/clinical-significance-of-serum-il6-tnfalph-hepcidin-and-epo-levels-in-anaemia-of-chronic-disease-and-iron-deficiency-anaemia-the-l.html
https://pubmed.ncbi.nlm.nih.gov/27009076/
https://pubmed.ncbi.nlm.nih.gov/27009076/
https://pubmed.ncbi.nlm.nih.gov/27009076/
http://zmj.zsmu.edu.ua/article/view/208356
http://zmj.zsmu.edu.ua/article/view/208356
http://zmj.zsmu.edu.ua/article/view/208356
http://zmj.zsmu.edu.ua/article/view/208356
http://zmj.zsmu.edu.ua/article/view/208356
https://pubmed.ncbi.nlm.nih.gov/21518494/
https://pubmed.ncbi.nlm.nih.gov/21518494/
https://pubmed.ncbi.nlm.nih.gov/21518494/
https://pubmed.ncbi.nlm.nih.gov/21518494/
mailto:genalezh@gmail.com

KAaiHiyHa neaiatpia / Clinical Pediatrics

HSIHHA cTaHoBWJIM 10 miTeid i3 3amizomedilluTHOIO aHeMie 0e3
MPOSIBIB 3aIlaJIbHUX 3aXBOPIOBaHb OpraHiB quxaHHs. KoHTpob-
Ha rpyra npeacrabieHa 10 yMoBHO 310poBUMM AiTbMu. Pe3yib-
TaTH. VY niepiuiii miarpyni aireit BusBieHo piseHb 25(OH)D, Ha
HVKHI Mexi Hopmu (29,99 (28,1; 36,5) Hr/MJa), y Apyriii miarpy-
i criocrepiranacs ioro HegocratHicTs (27,4 (26,1; 31,2) Hr/mi).
Pigenn 3a6esnevenocti 25(OH)D, 6ys Huxuum B 1,3—1,6 pasa
MOPIBHSTHO 3 NMMOKAa3HWKAMM TAlliEHTIB KOHTPOJIbHOI Ipyru (43,0
(38,2;47,0) ur/mn) (p <0,05). Pisenn 25(OH) D, B cuposarii kpo-
Bi miteii 3 rpynu nopiBHsHHA (38,0 (34,0; 41,0) Hr/Ma) He Bigpi3-
HSBCS Bil JaHMX KOHTPOJIbHOI rpymu (p > 0,05), aje 111010 oCHO-
BHOI rpynu OyB BiporinHo BuinuM (p < 0,05). Ananiz ymicry 1J1-6
B CUPOBATLi KPOBI IiTel MoKa3as, 1110 B MePILiil miArpyi ioro pi-
BEHb TEePEBUIIYBAB MOKA3HUKNA KOHTPOJIbHOI rpymnu (5,63 (4,52;
5,74) nir/mn) (p < 0,05), asie OyB CTATUCTUYHO HUKYUM 3a JIaHi,
OTpUMaHi B npyriit minrpymi (6,63 (4,82; 8,93) nir/mi) (p < 0,05).

Y Toil Xe yac MM He BUSIBWJIM CTAaTUCTMYHO 3HAYYILOi Pi3HU-
11l MiXX IMOKa3HUKAMM TPYI MOPiBHSIHHS i KoHTposto (p > 0,05).
Ilpu piBHi 3abe3medyeHocti BitamiHoM D Huxkue 30 Hr/mu
criocTepiranocsl MOPYILIEHHS BCTAHOBJICHUX B3a€EMO3B’SI3KIiB Ta
MOTiplIeHHs NeMOHYBaHHs 3aji3a, 110, Y CBOIO 4epry, ¢hopMye
YMOBH JUTSl TIOAAJIBIIOL KUTTEMISIBHOCTI MaToreHa. BHCHOBKH.
[1epebir rocTpux 3anajabHUX OAKTEPiaIbHUX 3aXBOPIOBAaHb Opra-
HiB JUXaHHS B iTeil paHHBOTO BiKYy XapaKTePU3Y€EThCSI 3HUKEH-
HSIM piBHs BiTaMiHy D y cupoBaTili KpoBi, ITpU SIKOMY BMICT IIpO-
3anaJbHUX IUTOKiIHIB HETaTUBHO KOPEJIIOE 3 piBHEM BiTaMiHy D.
Po3BuTOK aHeMii 3amajeHHsI CBiIYUTh PO MEeBHUI OajlaHC Mpo-
Ta NMpoTU3anaibHUX (PaKTOPiB y MaToreHe3i rocTpux 3anajaibHUX
OGakTepiaTbHUX 3aXBOPIOBAHb OPTaHiB IMXaHHS B iT€ll pPAHHBOTO
BiKY.

Ki1104o0Bi cJI0Ba: nith paHHBLOTO BiKYy; aHeMis 3amaieHHs; BiTa-
MiH D; iHTepeiikin-6
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