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It has been proven that a deficiency of zinc, can significantly weaken the body’s immune response to infection. Zinc plays a key role in many immu-
nological processes, such as the proliferation and differentiation of lymphocytes, antibody synthesis, and phagocytosis.

Aim: to assess the dynamics of zinc levels in pediatric patients with community-acquired pneumonia, taking into account the presence or absence
of SARS-CoV-2 co-infection in the acute phase of the disease and the recovery period.

Materials and methods. The study included 114 children aged 6 to 18 years. The Basic group consisted of 81 patients diagnosed with community-ac-
quired pneumonia, divided into subgroups based on the presence or absence of SARS-CoV-2 co-infection. The Control group consisted of 33 healthy
children matched by age and gender. Zinc levels in serum were determined for all children. The results of the study were processed using Microsoft
Excel 2013.

Results. All children in the Basic group had decreased serum zinc levels in both the acute phase and convalescent periods. Children with severe commu-
nity-acquired pneumonia, regardless of viral infection, showed only a slight increase in zinc levels with standard treatment. A significant decrease in serum
zinc levels was found in all children with pneumonia compared to the Control group. Patients with SARS-CoV-2 demonstrated a more pronounced zinc
deficiency compared to those with pneumonia of other etiologies. During treatment, a gradual increase in zinc levels was observed in all patient groups.
Conclusions. The study revealed a decrease in zinc concentration in children with community-acquired pneumonia, both during the acute phase
and during the convalescent period of the disease. Patients with SARS-CoV-2 infection had significantly lower zinc levels compared to children with-
out detected coronavirus.

The study was carried out in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Ethical Committee
for all participants in the process. The informed consent was obtained from children and parents for participation.

No conflict of interests was declared by the authors.
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PiBeHb LUMHKY B fiiTel i3 no3anikapHAHOI NHEBMOHIEIO: NOPIBHANBbHE AOCNIAXXEeHHSA B KOHTEKCTi iHtheKuii
SARS-CoV-2

O.1. CmisH, /1.B. Tapamak, K.O. CmisiH, O.I'. Bacunbesa, I.FO. Bucoybkui, FO.I. Pe3HiyeHko, T.O. AnekcaxiHa
CyMCbKUIi AepxaBHWiA yHIBEPCUTET, YKpalHa

[oseaeHo, Wo aediunt MiKpOeNeMeHTIB, 30Kpema LUMHKY, MOXe 3Ha4HO NOCNabnioBaTh iMyHHY BIANOBIAL OpPraHiamy Ha iHdekuiio. LIMHK Bigirpae
K/IOYOBY PO/b Yy Takmx 6araTbox IMyHOMOrIYHKX npouecax, sk nponicdepallia Ta Audeperuiadis NiMMoUMTIB, CUHTE3 aHTUTIN Ta aroumTos.

Mera: oUiHUTY AnHAMIKY PIBHA LMHKY B NeAiaTPUYHUX NaLIEHTIB i3 NO3anikapHAHOI NMHEBMOHIEID 3 ypaxyBaHHAM HasfBHOCTI ab0 BIACYTHOCTI
KoiHdekuil SARS-CoV-2 y rocTpiii hasi 3axBoOpioBaHHS Ta Nepiofdi peKoHBanecuUeHL.

Marepianu Ta meToaun. Y 10CNILKEHHI B3AN0 yyacTb 114 aiteit Bikom Biag 6 A0 18 pokiB. OCHOBHY rpyny cTaHOBMB 81 NauieHT i3 AiarHo30M
no3sanikapHsHOI MHEBMOHII, cepea akvx Oyno BUAINEHO NArpYnv 3aNEXHO BiA HAABHOCTI a00 BIACYTHOCTI KOIHMbeKUT SARS-CoV-2. Y KOHTPONbHIl
rpyni 6yno 33 340p0BUX AiTel BiANOBIAHOrO BiKy Ta CTaTi. Y BCiX AiTel 6yNno BU3Ha4eHO piBeHb LMHKY B CMPOBATL KPOBI. Pe3ynsrati AoCAIMKEHHS
0onNpauUbOBaHO 3 BMKOPUCTaHHAM NPorpamHoro naketa Microsoft Excel 2013.

Pe3ynbraTti. YCi 4iT1 OCHOBHOI FPYyNi Manu 3HKEHMI PIBEHb LIMHKY CUPOBATKM KPOBI AK Y FOCTPIN (hasi, Tak | B nepiodl peKoHBanecueHuil. Huxui
MOKa3HVIKM LIMHKY B Nepiof po3nany Ta peKoHBanecueHL Manu aitn 3 BuaBneHnM Bipycom SARS-CoV-2. [itn 3 TaxK1UM nepebiroM no3anikapHaHo!
MHEBMOHIT HE3aM1EXHO BiA YPaXEHHS BIDYCOM Manu HE3HaYHe 3pOCTaHHS NOKa3HUKa MikpoeneMeHTa Ha hoHi CTaHAAPTHOrO NiKyBaHHS. Y BCiX AiTel
I3 MHEBMOHIEIO OYN0 BUABNEHO CTATUCTUYHO 3HAUYLLE 3HVKEHHSA DIBHSA LIMHKY B CMPOBATLI KPOBI MOPIBHAHO 3 KOHTPO/IBHOIO FPYMNOoI0. Y NaLieHTIB
13 SARS-CoV-2 npocTexyBaBcs OiNbll BUPaxeHni AediunT UMHKY NOPIBHAHO 3 NauieHTamMu 3 MHEBMOHIEID IHLWOT eTIoNOoril. Y npoueci NikyBaHHs
CnocTepiranocs NOCTynose 30iNbLEHHSA PIBHA LMHKY Y BCIX rpynax nauieHTiB.

BucHOBKU. [10CNIAXEHHA BUABKIO 3HIXKEHHSA KOHUEHTPaUT UMHKY B AITeN, XBOPUX Ha No3anikapHaHy NMHEBMOHIIO, K M4 4ac rocTporo nepioay,
Tak i B nepioa pekoHBanecLeHuil 3axBopioBaHHA. OKpiM TOro, NauieHTV 3 BCTAHOBNEHUM ypaxeHHAM BipyCcoMm SARS-CoV-2 Manu AOCTOBIPHO HUXYi
NOKa3HWKYM LMHKY NOPIBHAHO 3 AiTbMU 0€3 BUABNEHOrO KOPOHaBIPYCY.

JocnipkeHHs BUKOHaHO BiANOBIAHO A0 NPWHUMNIB [enbCiHCbKOT Aeknapalil. [PoTOKON AOCAIAXKEHHA NOrOAXEHO €TUYHIUM KOMITETOM ANA BCIX
y4acHUKIB npouecy. And y4acTi oTpruMaHo iH(POPMOBaHyY 3rofy Bia AiTelt Ta 6aTbKiB.

ABTODPYM 3a9BAAI0TE NPO BIACYTHICTb KOHMDAIKTY.

KnrouoBi cnoBa: nozasnikapHaHa NHEBMOHIA, LMHK, AITW, MiIKpoeneMeHT, Bipyc SARS-CoV-2.

Introduction dangerous pathology is in the first years of life, as

ommunity-acquired pneumonia (CAP) is inflammation accounts for 14% of deaths in children
amajor problem worldwide because of its  under 5 years of age [ 16,22]. That is why most guide-
high prevalence and mortality. The most lines and recommendations on pneumonia are deve-
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loped for children in the first 5 years of life. However,
the issue of pneumonia is also relevant for older chil-
dren. Global studies show that about 7% of sick chil-
dren die from pneumonia at the age of 5-9 years
[9,10]. According to Ukrainian researchers, the pro-
portion of children over the age of 7 with pneumonia
is about 45% [20].

Pneumonia is an inflammation of the lung tissue,
usually caused by viruses, bacteria, or a combination
of both. It is considered the most common cause of
hospitalization among children worldwide [11,19].
The highest incidence of CAP is observed in coun-
tries with poor economies [8,10,19,20]. However, the
incidence of CAP remains quite high in industrial-
ized countries [8]. Trace elements play an important
role in the development of diseases, including lung
tissue pathology. After all, they are essential for the
proper functioning and growth of the child’s body
and ensuring an adequate immune response [5,12].
One of the most important trace elements necessary
for the proper functioning and growth of the child’s
body is zinc [13,17]. It is one of the most abundant
trace elements in the human body [3]. It has an im-
pact on pro-inflammatory reactions, the activity of
the cytokines IL-1b, IL-6, and tumor necrosis factor
o (TNF-a) [1,14]. The human body does not have
a zinc depot, and therefore, if the micronutrient is
not sufficiently supplied by the diet, it is deficient.
According to the research, about 20% of the world’s
population has low levels of the trace element [14].
For Eastern European countries, zinc deficiency is
about 10%. Low zinc levels cause a decrease in the
production of antibodies and a deterioration in the
immune response by increasing the production of
pro-inflammatory cytokines [13,21]. At the same
time, foreign studies have shown that low levels of
the trace element in the body are a predisposing fac-
tor for SARS-CoV-2 viral infection in adults. They
also proved an inversely proportional relationship
between the severity of the disease and the level of
blood metal [2,4,7].

The aim of the study was to investigate zinc levels
in children at the age of 6 to 18 years with CAP with
and without SARS-CoV-2 viral infection during the
acute and convalescent periods.

Materials and methods of the study

The study was conducted on the basis of the De-
partment of Infectious Diseases of the Clinical Hos-
pital of the St. Zinaida of the Municipality and the
Central Primary Health Care Centre No. 1 of the

OPUTTHAABHI AOCAIAKEHHSI

Municipality. A total of 114 patients were examined.
Of these, 81 were children with CAP. The diagnosis
was confirmed by medical history, recorded com-
plaints and objective, instrumental and laboratory
investigations according to the standards of care
«Community-Acquired Pneumonia in Children»
(2022).

Children diagnosed with CAP (Basic group) were
divided into two groups according to SARS-CoV-2
viral infection. Group 1 included 52 children with se-
vere CAP and SARS-CoV-2 infection. Group 2 con-
sisted of 29 patients with CAP without evidence of
SARS-CoV-2 virus. The Control group consisted of
33 somatically healthy children.

All children in the study had taken laboratory
samples — at the acute onset and again during reco-
very, to determine serum zinc levels. Trace element
levels were measured by atomic absorption spec-
trometry on an atomic absorption spectrometer.

Microsoft Excel 2013 was used for the statistical
analysis of the data. A two-tailed independent Stu-
dent’s t-test was used to assess the differences be-
tween the means of the different groups. Difterences
at a significance level of p<0.05 were considered sta-
tistically significant.

The research was carried out in accordance with
the principles of the Declaration of Helsinki. The
study protocol was approved by the Local Ethics
Committee of the participating institution. The in-
formed consent of the patient was obtained for con-
ducting the studies.

Results of the study

The study showed a decrease in zinc levels in all
children with CAP, regardless of SARS-CoV-2 viral
infection. In the middle of the illness, the mean levels
of the trace element were significantly lower in pa-
tients of the Basic group than in the Control group.
Zinc levels were (7.24+0.29) pmol/L versus
(14.15£0.54) pmol /L (p<0.001).

After the standard treatment, the blood sample
was taken again and the zinc level was determined
on the 71-10" day of the disease. The mean level of
the trace element in children of the Basic group in-
creased gradually and was (8.11+0.29) pmol/L.
However, the zinc concentration was significantly
lower than in the Control group (p<0.001). The
above data are shown in Figure.

The level of the trace element in Group 1 at base-
line was (6.76£0.36) umol /L. After treatment, the
zinc level increased to (7.65%0.35) pmol /L (p>0.05).
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Fig. Zinc levels in the body of the studied children, pmol/L

In Group 2, the trace element level in the acute
phase was (8.10+0.49) pmol/L. According to the
results of the standard treatment, an increase in zinc
levels during the convalescence period was found at
the level of (8.9+0.48) umol /L (p>0.05).

A comparative analysis of zinc levels in children
with CAP depending on SARS-CoV-2 viral infec-
tion revealed a significant decrease in the concentra-
tion of trace element in patients with confirmed
coronavirus infection both during the exacerbation
period and convalescence against the background of
standard treatment. A detailed description of zinc
levels in the studied children is given in Table.

According to the results of the study, children
with CAP, regardless of SARS-CoV-2 viral infection,
had lower zinc levels compared to healthy children
of the same age. In addition, a significant decrease in
the concentration of the trace element was found in
patients with proven SARS-CoV-2 viral infection
compared to children who had negative test results
for coronavirus infection.

Low serum zinc levels in paediatric patients with
CAP are the result of impaired protective functions
of the body. The trace element is involved in the im-
mune response at various stages and in the function-
ing of both innate and acquired immunity.

https://med-expert.com.ua

Discussion

The publication reflects the comparative charac-
teristics of zinc concentration in the blood of paedi-
atric patients with CAP with and without
SARS-CoV-2 viral infection. Existing scientific data
indicate that zinc plays an important role in the
functioning of defense mechanisms and is an impor-
tant indicator of the immune response [5,12,14]. The
works by various scientists have shown that children
suffering from inflammatory diseases of the respira-
tory tract and have reduced levels of the trace ele-
ment [2,4,7,15,21,23]. Previous studies have shown
that zinc levels in adults are quite low when they are
affected by the SARS-CoV-2 virus [6,18]. These data
are confirmed by the results of our study, which
showed statistically significant differences in the
concentration of the trace element between patients
with CAP and clinically healthy children. In addi-
tion, our data further demonstrate that zinc levels
are worse in CAP patients with SARS-CoV-2 viral
infection compared to CAP patients without
SARS-CoV-2 viral infection.

Conclusions

A significant decrease in zinc concentration was
observed in all children with CAP during the acute
phase of the disease. Patients with established
SARS-CoV-2 viral infection and CAP had signifi-
cantly lower mean zinc levels in the acute phase of the
disease compared to children without SARS-CoV-2
viral infection. During the recovery period, the mean
zinc levels increased in children with CAP against the
background of standard treatment. However, zinc
levels in children with CAP remained significantly
lower than in the Control group during the recovery
period. Concentrations of the trace element were sig-
nificantly lower in the group of CAP patients with
SARS-CoV-2 viral infection.

Thus, in cases of suspected community-acquired
pneumonia in children, it would be appropriate to
determine the serum zinc level for possible further

Table

Zinc concentration in children in dynamics

. . Groups

Period of disease
| ] Control
6.76+0.36 810+0.49
Period of acute onset p,,<0.05 p,,<0.05
p,.<0.001
; 1415+0.54

765+0.35 80+048

Period of convalescence p,,<0.05 005
P, .<0.001 P, 5<b.
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correction of the trace element concentration to fa-  supplementation in children with CAP, especially
cilitate a faster recovery. those with SARS-CoV-2 viral infection.

Prospects for further research. Further research No conflict of interests was declared by the
could be aimed at investigating the efficacy of zinc  authors.
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