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Summary

A strong immune response is important during recovery from COVID-19, and its status is influenced by several micronutrients.
Vitamin D is important in regulating the immune response and protecting against respiratory infections. Vitamin A also has
immunomodulatory effects, inhibiting viral replication and enhancing immune responses, thereby reducing morbidity and
mortality from COVID-19.

The aim of research was to study the levels of vitamins A, D, and retinol-binding protein 4 in children with COVID-19, and
their associations with the severity of the disease.

Material and Methods. 112 children aged 1 month to 18 years with COVID-19 confirmed by polymerase chain reaction (PCR)
in nasal swabs or by a positive serologic test (IgM and 1gG or IgM). In all children, vitamin D levels were determined by the
colorimetric enzyme-linked immunosorbent assay (ELISA) using the Monobind test system. Vitamin A and retinol binding protein 4
(RBP4) levels were determined by the colorimetric enzyme-linked immunosorbent assay (ELISA) using the Elabscience test system.

Statistical analysis was performed using Stat Plus (its 95 % confidence interval (95 % CI) was calculated for the mean
values, and the Kruskal-Wallis test (H-test) was used as the reliability criterion for checking the equality of the medians of several
samples). The level of statistical significance was set at P<0.05).

The study was conducted in accordance with the rules of patient safety and ethical principles of scientific medical research
involving human subjects (2000). The permission to conduct this study was granted by the Bioethics Commission (Protocol No.
73, dated April 3, 2023). The parents (legal representatives) of the patients gave their written consent to the conduct of this study.

This study is a fragment of research work «Optimizing the diagnosis of clinical and pathogenetic characteristics of
the COVID-19 coronavirus infection in children with comorbid pathology and treatment features» (state registration No.
0123U100064, 2023-2025).

Results. The mean age of the children was (7.04+5.75) years (95 % CI 5.96-8.12). According to the severity of the disease,
57 children (50.89 %) had a mild course, 43 children (38.39 %) had a moderate course, and 12 children (10.72 %) had a severe
course. The concentration of vitamin D in children with mild course of COVID-19 was 30.91 ng/ml, in children with moderate
course —29.10 ng/ml, in children with severe course — 22.42 ng/ml (P<0.05). The level of vitamin A also varied in children with
different severity of the disease: in mild COVID-19 it was 456.10 ng/ml, in moderate —347.30 ng/ml, and in severe—242.90 ng/ ml
(P <0.001). At the same time, the level of retinol binding protein 4 was 30.66 ng/ml in mild disease, 33.07 ng/ml in moderate
disease and 23.28 ng/ml in severe disease.

Conclusions. Children with moderate and severe COVID-19 have significantly lower levels of vitamins A, D, and RBP4
compared to uninfected individuals. Vitamin A and RBP4 levels were age-dependent, and vitamin D levels did not show age-
related patterns. Lower levels of vitamins A and D are associated with higher levels of pro-inflammatory markers — CRP,
leukocytes and ESR.
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Introduction

COVID-19, caused by the SARS-CoV-2 virus, has now
become the cause of a large-scale outbreak of the disease
with a diverse clinical picture, severe complications and
high mortality [1].

In the publications, researchers point out that the
proportion of children among the sick is much lower than
that of adults. Children represent 1-11 % of patients with
confirmed disease [2,3]. Children acquire a new infection
but tolerate it more easily than adults, and complications
and adverse effects are less frequent [4,5].

Since the beginning of the coronavirus pandemic,
the scientific community has been urgently seeking
reliable biomarkers of disease progression for the early
identification of high-risk patients [1]. Due to the rapid
spread of the disease, there is a need to stratify patients
into risk categories immediately after diagnosis to ensure
optimal allocation of resources [6]. Reliable biomarkers
would be useful for screening, clinical management, and
prevention of serious complications [1].

Studies confirm that a sustained immune response
is critical in the recovery process from COVID-19 [7].
A large body of knowledge has also accumulated on the
influence of various micronutrients on the state of the
immune system. In addition, micronutrients are involved in
the coordination of innate and adaptive immune responses
to viral infections, particularly in the regulation of pro-
and anti-inflammatory responses in the human body [8].
In addition, an insufficient amount of trace elements not
only weakens the immune system in the fight against viral
infections, but also contributes to the emergence of more
virulent strains due to changes in the genetic composition
of the viral genome [9]. Adequate immunity requires
a constant supply of nutrients. Vitamins and microelements
have a significant, often synergistic, effect at each stage of
immune protection [10].

Vitamin A plays an immunoregulatory role in cellular
and humoral immune responses [11]. It induces an
immediate innate antiviral immune response in infected
cells [12]. Vitamin A inhibits viral replication, promotes the
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immune response, and reduces the morbidity and mortality
of some viral infections [13]. Retinol-binding protein
(RBP4) is synthesized in the liver and is responsible for
binding retinol and transporting it to the organs.

Vitamin D has many important functions, not only in
phosphorus-calcium metabolism, but also in immunity
and antimicrobial response. It has important effects on the
host immune system, modulating both innate and adaptive
immunity and regulating the inflammatory cascade [14,15].
Vitamin D deficiency is known to be the major risk factor
for the development of infectious diseases [13,15-16].
Vitamin D deficiency has been shown to increase the
morbidity and severity of COVID-19 [17].

The purpose of this study was to analyze the levels
of vitamins A, D, and retinol-binding protein 4 in children
with COVID-19, evaluate their indicators depending on
the severity of the disease and study the interrelationship
between vitamin level and pro-inflammatory markers.

Material and Methods. 112 children aged 1 month to
18 years with COVID-19 confirmed by polymerase chain
reaction (PCR) in nasal swabs or/and positive serological
test (IgM and IgG, or IgM) who were in the infectious
disease department of the Ternopil City Children’s Hospital
from March 2021 to May 2023. Blood samples were taken
on the first day after hospital admission.

According to the severity of the course of the disease,
3 groups of patients were formed: Group | —children with
a mild course of the disease, which was diagnosed in 57
children, Group Il -43 children—with a moderate course,
Group I11-12 children with a severe course (Table 1).

The degree of severity of the course of COVID-19 was
determined according to medical recommendations [18] —
the presence and severity of such clinical symptoms as
cough, weakness, sore throat, shortness of breath during
physical exertion, indicators of body temperature and
respiratory rate, confirmation of pneumonia in a child
(using computerized tomography of the lungs), indicators
of blood oxygen saturation (Sp02), the level of C-reactive
protein in blood serum.

The control group included 23 practically healthy
children, aged from 1 month to 18 years, without clinical
signs or anamnestic data that would indicate the presence
of acute or chronic infectious and/or somatic pathology.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The Bioethics Commission of I. Horbachevsky
Ternopil National Medical University of the Ministry of
Health of Ukraine (Protocol No 73 dated April 03, 2023)
approved the study. Individual informed consent for this
analysis was obtained from all children’s caregivers.

In all 135 children, from the study and control groups,
the levels of vitamins A, D, and retinol-binding protein
4 (RBP4) were determined in the laboratory by the
colorimetric method of enzyme-linked immunosorbent
assay (ELISA) using the Elabscience test system (for
vitamin A and RBP4) and Monobind (for vitamin D).
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A sufficient level of vitamin A was considered to be
>300 ng/ml, vitamin A insufficiency — 200~300 ng/ml,
a slight deficiency — 100~200 ng/ml, and a deficiency —
<100 ng/ml [19].

A sufficient level of vitamin D was considered to be
30-100 ng/ml, a deficiency of vitamin D — 29-20 ng/ml,
and a deficiency — <20 ng/ml [20].

Statistical analysis was performed using Stat Plus (their
95 % confidence interval (95 % CI) was calculated for the
average values, and the reliability criterion for checking the
equality of the medians of several samples is the Kruskal-
Wallis test (H-test). The level of statistical significance was
taken to be P<0.05).

This study is a fragment of research work «Optimizing
the diagnosis of clinical and pathogenetic characteristics
of the COVID-19 coronavirus infection in children
with comorbid pathology and treatment features» (state
registration No. 0123U100064, 2023-2025).

Results and discussion

The mean age of the children studied was (7.04+5.75)
years (95 % CIl 5.96-8.12). The ratio of boys to girls was
1:1.15.

Based on the COVID-19 severity, the children were
divided into three groups — 57 children (50.89 %) had
a mild course of the disease and the mean age in this group
was (6.73+5.77) years (95 % CI 5.23-8.23), 43 children
(38.39 %) had a moderate course of the disease with the
mean age (7. 9£5.76) years (95 % CI 6.16-9.64), and 12
children (10.72 %) had a severe course and the mean age
in this group was (7.31+6.22) years (95 % CI 3.36-11.26),
the mean age of the control group was (6.92+5.72) years
(95 % CI 4.45-9.39).

The vitamin A level in children with mild disease was
456.10 ng/mL, which was significantly higher than that
in the moderate (347.30 ng/mL) and severe (242.90 ng/
mL) groups (P<0.05) (Table 1). Patients with moderate
and severe SARS-CoV-2 infection had significantly lower
vitamin A levels compared with non-infected persons
(P<0.05). At the same time, vitamin A levels did not differ
between patients with mild COVID-19 and the control
group (P>0.05).

The level of retinol binding protein 4 was 30.66 ng/ml
in mild, 33.07 ng/ml in moderate and 23.28 ng/ml in severe
cases. No significant differences were found between the
groups with COVID-19 (p>0.05) (Table 1). At the same
time, RBP4 was significantly lower in patients with severe
COVID-19 compared to healthy subjects (P<0.05).

The concentration of vitamin D in children with mild
course of COVID-19 was 30.91 ng/ml, in children with
moderate course —29.10 ng/ml, in children with severe
course —22.42 ng/ml (Table 1). The vitamin D level in the
control group was significantly higher than in patients with
moderate and severe course (P<0.05).

The study showed that most children with mild disease
(85.96 %) and moderate disease (67.44 %) had sufficient
vitamin A. In the case of severe COVID-19, 58.00 % of the
children had vitamin A insufficiency. Vitamin A deficiency
was significantly more frequent in patients with severe
COVID-19 (25.00 %) compared to mild (12.28 %) and
moderate (6.98 %) disease severity (Table 2).



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OOCIIAHUX POBIT

Table 1

The concentration of vitamins varied according to the severity of the course of the disease

The control group (4) (430.50: 653.90)

Groups Vitamin A, ng/ml Retinol-binding protein 4, ng/ml Vitamin D, ng/ml
Mild COVID-19 course (1) (394.4(1)%?.5126.00) (26.?4(,);26;.12) (21.58;'312.45)
Moderate COVID-19 course (2) (279.3(;%?5383.10) (26.?3?;.?1;.13) (21.2259;' 1307.68)
Severe COVID-19 course (3) (203.22?'3?2.55) (18.53;.22%.81) (18.55;.43%.50)
487.00 37.38 37.90

(31.94; 43.59) (34.60; 43.25)

Kruskal-Wallis test H=30.18; P <0.001*

H=12.02; P=0.007* H=14.34; P=0.003*

P<0.05* P, Pis Poy Pay

P P, P..

34 2-4'

Note. * — statistically significant result.

Table 2

Levels of vitamin A and the disease severity

COVID-19 groups The control group
Vitamin A level A mild course A moderate course A severe course
n % n % n % n %
Sufficient level 49 85.96 29 67.44 2 16.67 23 100.00
Insufficiency 1 1.75 11 25.58 7 58.33 0 0
Mild deficiency 7 12.28 2 4.65 3 25.00 0 0
Deficiency 0 0 1 2.33 0 0 0 0

Note 1. x?=47.85; P<0.001*.
Note 2. * — statistically significant result.

Most children with a mild course of COVID-19 (55.56 %)
and with a moderate course (42.86 %) had a sufficient level

of vitamin D. Vitamin D deficiency was more typical for
children with a severe disease course (41.67 %) (Table 3).

Table 3
Vitamin D levels and disease severity
VID-19 gr
The level of - co 9 groups The control group
o A mild course A moderate course A severe course
vitamin D

n % n % n % n %
Sufficient level 20 55.56 12 42.86 3 25.00 13 86.67
Insufficiency 9 25.00 11 39.29 4 33.33 2 13.33

Deficiency 7 19.44 5 17.86 5 41.67 0 0

Note 1. x?>=14.41; P=0.013*.
Note 2. * — statistically significant result.

The research revealed that vitamin A and D deficiencies
were significantly more common in children with
coronavirus infection compared to healthy children who
made up the control group (P<0.05) (Table 2 and Table 3).

A mild course of the disease was found in 13 children
(22.81 %) aged less than 1 year (group 1), 25 children
(43.86 %) aged 1 to 10 years (group I1), and 19 children
(33.33 %) aged over 10 years (group I11). In the group
of children with moderate course of the disease, there

were 5 children (9.30 %) who were infants, 24 children
(55.81 %) aged 1 to 10 years, and 15 children (34.88 %)
over 10 years. In the group of children with severe disease,
there were 2 children (16.67 %) less than 1 year of age,
6 children (50.00 %) 1 to 10 years of age, and 4 children
(33.33 %) over 10 years of age (Table 4). There were no
significant age differences between the groups of children
with different severity of coronavirus infection (x2=3.37;
P=0.497).

Table 4

Age groups of children and the severity of the disease

Age A mild course A moderate course A severe course

groups n % n % n %
< 1year 13 22.81 4 9.30 2 16.67
1-10 years 25 43.86 24 55.81 6 50.00
>10 years 19 33.33 15 34.88 4 33.33

Note 1. x?=3.37; P=0.497.
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It was found that children of the older age group
(>10 years) have a lower level of vitamin A—390.85 ng/ml
compared to younger patients —498.40 ng/ml (P<0.05). It
should be noted that the level of RBP4 increases with the
age of the child —in children under 1 year — 25.09 ng/ml,
in children 1-10 years — 31.13 ng/ml, and in children over
10 years — 33.26 ng/ml. At the same time, no age-related
differences in vitamin D concentration were found (Table 5).

According to the study results, the content of vitamins
Aand D, as well as RBP4, did not differ between boys and
girls (P>0.05) (Table 6).

It has been established that vitamin A deficiency
is associated with higher levels of CRP, ESR, and
leukocytosis (Table 7). At the same time, an increase in
the value of ESR is characteristic of patients with vitamin
D deficiency (Table 7).

Table 5

Age differences and the concentration of vitamins A, D and RBP4

Age group Vitamin A, ng/ml ;iig?}lﬁlzzﬁgl Vitamin D, ng/ml
<1year 498.40 25.09 32.83
(383.90; 566.0) (19.34; 30.66) (19.42; 45.35)
1-10 years 398.00 31.13 29.16
(263.30; 532.70) (26.45; 40.68) (22.19; 37.09)
>10 years 390.85 33.26 25.60
(241.80; 507.40) (26.84; 43.06) (21.16; 32.26)
Kruskal-Wallis test H=5.78; P=0.045* H=7.14; P=0.028* H=1.96; P=0.374
P<0.05* P P, -

Note. * — statistically significant result.

Table 6

Gender differences and the concentration of vitamins A, D and RBP4

Gender Vitamin A, ng/ml Retinol-binding protein 4, ng/ml Vitamin D, ng/ml
Boys 423.65 (285.15; 533.95) 29.62 (22.39; 36.82) 30.90 (21.56; 36.81)
Girls 395.05 (250.10; 513.45) 31.08 (25.16; 40.68) 25.64 (19.71; 34.49)
Note. P>0.05.

Table 7

Levels of CRP, leukocytes, neutrophils, lymphocytes, and ESR depending on the micronutrient status
(vitamins A and D) of the patients

Neutrophils, % (38.00; 67.50) | (45.00; 75.00)

Indicator Vitamin A Vitamin D
Sufficient level | Insufficiency Deficiency | Sufficient level | Insufficiency Deficiency
CRP, mgll 7.35 13.80 14.96 8.90 7.40 15.09
' (4.15; 14.05) (9.40; 26.60) | (7.05;33.80) | (4.50;24.00) | (5.50;21.90) | (9.45; 32.75)
H=8.68; P=0.013*; P , , ,<0.05* H=2.96; P=0.228
7.23 7.71 11.50 7.83 7.39 9.88
Leukocytes, 1091 (4.40; 9.58) (4.00; 12.90) | (7.87;15.32) | (5.20; 10.24) (4.42; 12.90) (6.79; 15.56)
H=7.80; P=0.020*, P, ,<0.05* H=2.49; P=0.288
55.00 59.00 64.00 54.00 64.00 66.00

(48.00; 70.00)

(36.00; 60.00) | (39.00; 75.00) | (41.00; 83.00)

H=1.30; P=0.522

H=3.46; P=0.177

38.00
(25.00; 49.00)

23.50

Lymphocytes, % (18.00; 45.00)

26.00
(21.00; 40.00)

38.00
(25.20; 49.00)

22.50
(18.00; 40.00)

26.00
(17.00; 47.00)

H=4.13; P=0.127

H=5.08; P=0.079

6.00 17.00 21.00 6.00 8.00 17.00
ESR, mm/h (4.00; 12.00) | (8.00;21.00) | (5.00; 27.00) | (5.00;16.00) | (6.00;19.00) | (12.00; 22.00)
H=14.92; P<0.001%, P,  <0.05* [ H=7.00; P=0.030%; P__<0.05

Note. * — statistically significant result.

The SARS-CoV-2 virus affects human immunity,
i.e. the severity of the infection depends on the immune
competence [21]. It is known that a change in the status
of trace elements in the body can influence the course of
immunological processes [22]. Clinical studies indicate the
vital role of trace elements in the prevention and treatment
of viral infections [23].
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Vitamins A and D have received particular attention in
recent years, as these vitamins have been shown to play
unexpected key roles in the immune response [17].

Vitamins A and D play important roles in the immune
response, and deficiency of each is associated with
more severe disease and complications in children with
respiratory infections [17, 24-25]. Low vitamin D levels are
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associated with an increased incidence of upper respiratory
tract infections [24]. Therefore, in our study, children with
mild disease had higher levels of vitamins A and D than
children with moderate or severe disease.

In addition, higher levels of vitamins A and D have
been shown to reduce the body’s inflammatory response
to infectious diseases [17, 18]. In our study, we observed
higher levels of ESR and C-reactive protein in patients with
lower levels of vitamin A.

Vitamins A and D interact, cross-regulate, and affect
numerous organ systems, including the lungs and their
epithelial cells [17, 26]. Low levels of vitamins D and
Aare significantly associated with higher rates of intensive
care unit admission and mechanical ventilation [27]. These
findings are consistent with the results of our study, where
children with higher levels of these vitamins did not require
intensive care, whereas lower levels of vitamins A and D
were observed in severe cases of COVID-19 that required
treatment in the intensive care unit.

Conclusions

In our study, both insufficiency and deficiency of
vitamins Aand D were more frequently observed in children
with coronavirus infection compared to healthy children.
The levels of vitamin A were related to the severity of the
disease: sufficient levels of vitamin A were more typical
for amild course of COVID-19, whereas insufficiency and
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MIKPOHYTPIEHTHUI CTATYC (BITAMIHHU A TA D) TA HOTI'O BILJIMB HA BA’KKICTb IIEPEBITY
COVID-19 Y JITEHA

I A. Ilagruwun, O. B. Jlaviexa, K. B. Kozak

TepHomniibebKkuii HanioHaIBLHMIT MeanuHuUil yHiBepeuTeT iMeHi I. TopdauyeBchbkoro
(M. TepHominb, Ykpaina)

Pesrome.

[Tix gac omysxanns Bix COVID-19 BaximBa criibHa iIMyHHA BiJIIIOBi/Ib, HAa CTAH SIKOT BILIMBAIOTh Pi3HOMAaHITHI MIKPOEJIEMECHTH.
Bitamin D BaxsuBHiA JuIst peryiisiiii iMyHHOT BIAIIOBI/I Ta 3aXKUCTY BiJl pecripaTtopHuX iH(peknii. Bitamin A Takox Mae iIMyHOMOYITIO-
1049y A0, IPUTHIYYIOUH PeIuliKalilo BipyCy Ta MOCWIIOIOYH IMyHHY BIAIOBi/Ib, THM CAMHUM 3HIDKYIOYH 3aXBOPIOBAHICTB 1 CMEpPTHICTh
Big COVID-109.

Mertoro nociipkeHHs Oyito BUBYMTH piBHI BiTamiHiB A, D 1 petnnon3s’s3ytouoro 6inka 4 y piteit 3 COVID-19, a Takox ix 38’5130k
13 TSDKKICTIO 3aXBOPIOBAHHS.

Marepia i MeToau HoCiKeHHs: o0cTexkeno 112 nmiteit Bikom Bin 1 micsns 1o 18 pokis i3 COVID-19, minTBepikeHIM METOI0M
nonimepasHoi naniorosoi peakuii (ITJIP) y maskax 3 Hoca a6o no3utuBHEM ceposoriuaum tectoM (IgM Ta IgG abo IgM). V Beix
JiTeil BU3HAYaIH piBeHb BitaMiHy D konopuMerpuuHuM MetooM iMyHodepmenTHoro aHamtizy (IOA) 3 BHKOPUCTAHHSAM TECT-CHCTEMU
Monobind. Piei BiTaminy A Ta petrHONI3B’ s13yto4oro Oinka 4 (RBP4) Bi3Ha4anu KOJIOPUMETPHYHUM METOIOM iIMyHO(DEPMEHTHOIO
anaiisy (ELISA) 3 Buxopucranusim tect-cucremu Elabscience.

Kowicist 3 6ioeTrku TepHONILCHKOrO HALlIOHAIBHOTO MEIMYHOT0 YHiBepcutety iMeHi I. Topbadescbroro MO3 Vkpainu (mpoTokos
Ne 73 Bin 03.04.2023) cxBautiiia nociimkerss. [HanBixyanpHa iHpopMoBaHa 3rojia Ha Lieil aHasi3 Oyiia OTpUMaHa BiJ| yCiX OMiKyHIB JIiTeH.

CraTucTHYHHUI aHAIT3 3/1iICHIOBABCS 3a J0MOMOro0 mporpamu «Stat Plus» (mix yac crarucTuyHoi 00pOOKH OTPUMAHUX JAHUX JUTs
cepe/iHiX 3HaueHb po3paxoBaHo ix 95 % nosipuwmii inTepsan (95 % [I), a kpuTepieM AOCTOBIPHOCTI AUl IEPEBIPKH PIBHOCTI MeiaH
KinbKOX BHOIpOK € kputepiil Kpyckaia-Yosurica (H-kputepiit). PiBens craructiuynoi 3Havymocti npuitasito P<0,05).

Jlane mociiukeHHs € pparMeHTOM HayKOBO- JOCIIAHOT po6oTn «OnTHMi3alis JIarHOCTHKH KITIHIKO-TIATOTeHETUYHHUX XapaKTepu-
cTuK KopoHaBipycHoi iHdekuii COVID-19 y nireii 3 kOMOPOiJHOO MATONOTIER Ta OCOOIMBOCTI JIIKYBaHHS « (JiepiKaBHa peecTpallis
No 0123U100064, 2023-2025 pp).

Pesynbraru gociimxenns. Cepenniil Bik aireii cranosus (7,04 + 5,75) pokis (95 % I 5,96-8,12). 3a crymnenem TspkkocTi y 57
nireit (50,89 %) nepebir 3axBoproBaHHs OyB sierkum, y 43 aireii (38,39 %) — cepenuboi mspxkocti, y 12 nireit (10,72 %) — Tsokkuii.
Konuenrpaist Bitaminy D y aiteit i3 sierkum niepedirom COVID-19 cranoswia 30,91 ur/mit; ipu cepentboTsikkomy mepebiry — 29,10
Hr/MIT; y fiTeid i3 Tshkkum repedirom — 22,42 ur/mu (P < 0,05). PiBens BiTamMiHy A TakoX pi3HHBCS y T 3 pi3HUM CTYIICHEM TSDKKOCTI
3aXBOpIOBaHHsI: 1pH Jerkomy nepebiry COVID-19 Bin cranosus 456,10 ur/mu; 347,30 Hr/miI pu cepeiHbOMY CTYIICHI TSXKKOCTI Ta
242,90 ur/vu ipu Tspxkomy niepe6iry (P < 0,001). ITpu upomy piBeHb peTHHON3B’ si3yrouoro Oinka 4 cranosus 30,66 Hr/mi ipu jierkomy
niepebiry; 33,07 Hr/mit Ipu cepeHbOMY CTYIICHI TSDKKOCTI 3aXBOPIOBaHHS; 1 23,28 HI/MJI IpH TSHKKOMY Hepediry.

BucnoBku: /litu i3 cepenuposhxknM Ta BaxkkuM repedirom COVID-19 marots 3Haun0 Hyokui piBHi BitaminiB A, D i RBP4 nopisHs-
HO 3 HeiHdixoBanuMH JiroapMu. PiBHi Bitaminy A 1 RBP4 3anexanu Bijx Biky, a piBeHb BitTaMiHy D He MaB BIKOBHX 3aKOHOMipHOCTEH.
Hyokuwnii piBens BitaminiB A i D moB’si3anuii 3 Oi1bI BUCOKUM piBHEM npo3ananbHux MapkepiB — CPB, neiixoruris i IIIOE.

Kurouosi cjioBa: COVID-19; pitu; Bitamin D; Bitamin A; PETUHOINBB A3y rounit OLTOK 4.
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