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Abstract
Vitamin D has an immunomodulating property that regulates the inflammatory response. In this study, the aim was to evaluate the
relationship between vitamin D levels and clinical severity and inflammation markers in children and adolescents with COVID-19. The
clinical and laboratory records of 103 pediatric cases with COVID-19, whose vitamin D levels had been measured, were retrospectively
reviewed. The cases were divided into groups according to their clinical severity (asymptomatic, mild, and moderate-to-severe) and
vitaminD levels. Themoderate-to-severe clinical group had significantly higher inflammationmarkers (CRP, procalcitonin, fibrinogen, D-
dimer) and a lower lymphocyte count compared to both the mild and asymptomatic groups. The 25 OH vitamin D levels were also
significantly lower (p< 0.001), and the ratio of vitaminDdeficiencywas 70.6% in themoderate-to-severe group. The vitaminD–deficient
group had a significantly higher age and fibrinogen levels while also having a lower lymphocyte count compared to the insufficient and
normal groups. The 25 OH vitamin D level was correlated positively with the lymphocyte count (r = 0.375, p = <0.001), and negatively
with age (r = −0.496, p = <0.001), CRP (r = −0.309, p = 0.002) and fibrinogen levels (r = −0.381, p = <0.001). In a logistic regression
analysis, vitamin D deficiency, D-dimer, and fibrinogen levels on admission were independent predictors of severe clinical course.

Conclusion: This study revealed an association between vitamin D deficiency and clinical severity, in addition to inflamma-
tion markers in pediatric COVID-19 cases. Prophylactic vitamin D supplementation may be considered, especially in the
adolescent age group.
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What is Known:
• • The pathology of COVID-19 involves a complex interaction between the SARS-CoV-2 and the immune system. Hyperinflammation/cytokine storm is

held responsible for the severity of the disease.
• Vitamin D has multiple roles in the immune system that can modulate the body reaction to an infection.

What is New:
• • Clinically more severe group had significantly lower vit D levels and significantly higher inflammation markers.
• Lower 25 OH vit D levels were associated with higher inflammation markers, suggesting an important role of vitamin D in the clinical course of

COVID-19 in children and adolescents probably by regulating the systemic inflammatory response.
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Introduction

Coronavirus disease 2019 (COVID-19), which is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) first appeared in Wuhan, China, and was announced
as a pandemic in March 2020 [1, 2]. The clinical severity of
the infection varies from a simple cold to severe acute respi-
ratory syndrome (ARDS) or even death [3]. The infection is
reported to be rarely seen in childhood and commonly affects
≥15 years old [4]; however, the number of pediatric COVID-
19 cases has increased rapidly with the global spread of the
infection.

Although the clinical course has been observed to be
milder in children than in adults, the prevalence of serious
disease has been reported as 3–10% and is especially high in
children under 1 year old [5].

Although basic guidelines on infection control have been
published and studies on vaccination are ongoing, time is
needed for an effective vaccine to become available for most
people. This has led researchers to focus on a variety of drugs
currently available to find an effective treatment. Vitamin D
has been proven to increase the expression of genes associated
with antioxidation, strengthen cellular immunity, and balance
adaptive immunity [6–8]. Based on the data, it has been sug-
gested that vitamin D supplements can alleviate the clinical
course of COVID-19 and be used as an effective treatment
method [9, 10]. A few adult studies have demonstrated an
association between vitamin D deficiency and COVID-19 se-
verity and mortality [11, 12]; however, pediatric data are
scarce.

In this study, the aim was to determine the potential asso-
ciation between the level of vitamin D (25 OH vitamin D),
clinical course, and inflammatory markers (C-reactive protein,
fibrinogen, D-dimer, and procalcitonin) in children and ado-
lescents with COVID-19.

Material and method

Patients

In this retrospective cohort study, pediatric cases aged be-
tween 1 and 18 years, attending to the department of pediatrics
of Haseki Training and Research Hospital betweenMarch and
May 2020 and whose SARS-CoV-2 infection was confirmed
by a polymerase chain reaction (PCR) analysis using a naso-
pharyngeal swab were consecutively evaluated (n = 356).
Patients with a measured 25 OH vitamin D (25 OH vit D)
level were included (n = 175) while patients with comorbidi-
ties (diabetes, asthma, tuberculosis, chronic renal failure, etc.),
which may affect the clinical course of COVID-19, and those
under 1 year of age (n = 72) were excluded from the study.
Ultimately, a total of 103 patients were enrolled in the study.

Data collection

Clinical data, laboratory, and imaging (chest X-ray and com-
puted tomography) findings on admission were recorded ret-
rospectively. According to the clinical findings, patients were
divided into three groups: (1) asymptomatic group: patients
who underwent a PCR test due to only contact history without
any complaints; (2) mild group: patients with nonspecific
symptoms such as cough, fever, malaise, and myalgia; and
(3) moderate-to-severe group: patients whose pneumonia
was confirmed by physical examination and imaging (chest
X-ray and/or computed tomography) with or without oxygen
need. The moderate-to-severe group consisted of hospitalized
patients. Asymptomatic and mild cases were followed by tele-
phone or outpatient clinic visits, and none of them had a clin-
ical deterioration.

Laboratory data were recorded retrospectively from the pa-
tients’ files. At the beginning of the pandemic, all possible
COVID-19 cases were routinely tested for a complete blood
count: C-reactive protein (CRP), procalcitonin, fibrinogen, D-
dimer, ferritin, calcium, phosphorus, and alkaline phosphatase
(ALP). At the beginning of the pandemic, all patients with a
positive PCR test were invited to the outpatient clinic for a
second evaluation to assess the disease’s progress, which was
within 1 week after the first visit. Due to its possible effect on
the course of COVID-19, vitamin D (25 OH vit D) and para-
thyroid hormone (PTH) levels were measured in patients who
accepted the invitation in addition to hospitalized patients in
this second visit.

SARS-CoV-2 was investigated using reverse-transcriptase
quantitative PCR by detection kit on nasopharyngeal swabs
(Bioksen ArGe Teknik Co., Ltd., Turkey; Biospeedy®).
Levels of serum 25 OH vit D were detected with an DXI800
instrument (Beckman Coulter, Brea, CA, USA) via an
immunoinhibition assay. Patients were also grouped accord-
ing to 25 OH vit D serum levels as sufficient (> 20 ng/mL),
deficient (12–20 ng/mL), and insufficient (<12 ng/mL) [13].
This study was approved by the local ethical committee
(Haseki Training and Research Hospital, 2020-56,
14.05.2020).

Statistical analysis

The SPSS software version 20.0 (SPSS, Inc., Chicago, IL,
USA) was used in the analysis. Continuous data were given
as the mean ± SD or median (25th; 75th percentile) and cate-
gorical variables were given as numbers (percentages).
Patients were divided into groups according to clinical sever-
ity and vitamin D levels. The Kruskal-Wallis and chi-square
tests were used for intragroup comparisons. Bonferroni cor-
rection was performed for post hoc analysis. The Spearman’s
rank correlation test was used to analyze the association be-
tween inflammatorymarkers and vitamin D levels. To identify
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predictors of clinical severity, all parameters that showed a p
value of ≤ 0.1 in the univariate analysis were tested using the
multivariable logistic regression analysis. A two-tailed p value
of ≤ 0.05 was defined as statistically significant.

Results

A total of 103 children whose PCR test revealed SARS-CoV-
2 and had a measured 25 OH vit D level were included in the
study. The mean age was 12.2 ± 4.92 (range 1–17) years and
52.4% (n = 54) were male. The frequency of 25 OH vit D
deficiency was 41.7% (n = 43), insufficiency was 38.4% (n =
41), and sufficiency was only 18.4% (n= 19). Of all cases,
69.9% (n = 72) consisted of adolescents (10–19 years old).
Among the adolescents, the frequency of vitamin D deficien-
cy, insufficiency, and sufficiency were 55.6%, 37.5%, and
6.9%, respectively. Vitamin D deficiency was found in only
three (9.7%) of the patients under 10 years of age, while vita-
min D was sufficient in 45.2% (n = 14) of these children.

Comparison of vitamin D levels and inflammatory
markers between patient groups defined by clinical
course as asymptomatic, mild, and moderate-to-
severe groups

Patient characteristics and laboratory findings of the three
clinical groups are demonstrated in Table 1. The prevalence
of vitamin D deficiency in the asymptomatic, mild, and
moderate-to-severe groups were 17.2%, 35.4%, and 70.6%,
respectively. Consistent with this, the moderate-to-severe
group had by far the lowest median 25 OH vit D levels and
highest inflammation markers compared to both the asymp-
tomatic and mild groups. The mild group had similar labora-
tory findings to the asymptomatic group in terms of both in-
flammation and calcium metabolism markers.

The comparison of patients according to vitamin D levels
(normal, insufficient, and deficient groups) revealed that
55.8% of the deficient group, 17.1% of the insufficient group,
and 15.8% of the sufficient group applied with a moderate-to-
severe clinical course (p < 0.001). The deficient group had the
highest mean age and had by far the highest fibrinogen and
lowest lymphocyte levels compared to both the insufficient
and normal groups (Supplementary Table 1).

Correlation analysis

25 OH Vit D was positively correlated with a lymphocyte
count (r = 0.375, p = <0.001) and negatively correlated with
age ((r = −0.496, p = <0.001), CRP (r = −0.309, p = 0.002),
and fibrinogen levels (r = −0.381, p = <0.001), (Fig. 1). The
lymphocyte count was negatively correlated with CRP (p =
<0.001, r = −0.428) and fibrinogen (p = 0.001, r = −0.330).

In the multivariate logistic regression analysis, vitamin D
deficiency (OR 6.16; 95%CI 1.66–22.81; p = 0.006), D-dimer
(OR 2.03; 95% CI 1.11–3.70; p = 0.02), and fibrinogen levels
(OR 1.01; 95% CI 1.0–1.02; p = 0.004) on admission were
found as the independent predictors of moderate-to-severe
clinical course in a model including age, gender, lymphocyte
count, CRP, procalcitonin, D-dimer, fibrinogen, and vitamin D
deficiency.

Discussion

In the study, in which the relationship between the serum level
of vitamin D and COVID-19 clinical severity and markers of
inflammation in children and adolescents was evaluated, it is
shown that lower vitamin D levels were associated with clin-
ical severity in addition to higher inflammation markers (i.e.,
CRP and fibrinogen) and a lower lymphocyte count.
Interestingly, these associations were observed especially
when there was a deficiency (i.e., 25 OH vit D <12 ng/mL)
rather than insufficiency.

Vitamin D has multiple roles in the immune system that
canmodulate the body’s reaction to an infection. Activation of
the vitamin D receptor, which is expressed in many cells of the
immune system, regulates the expression of many genes in-
volved in congenital and adaptive immunity [14]. The immu-
nomodulatory effect of vitamin D has been demonstrated by
reducing plasma cells, proinflammatory cytokine production,
and immunoglobulin release and increasing anti-
inflammatory cytokine production, activating Tall-like recep-
tors (TLR), and increasing the release of anti-microbial pep-
tides such as cathelicidin and β-defensin [15–18]. In addition,
it has been reported that vitamin D balances inflammatory
response by increasing the expression of angiotensin
converting enzyme 2 (ACE2), which is an anti-inflammatory
component “ACE2/angiotensin (1-7)/Mas receptor (MaSR)
axis” [19].

Studies conducted to date have shown that vitamin D plays
an important immunomodulatory role in reducing both the
incidence and severity of bacterial and viral infections.
Vitamin D deficiency has been found to increase the risk of
respiratory infections by respiratory syncytial virus, tubercu-
losis, and influenza [20]. Furthermore, vitamin D supplemen-
tation, especially if there is a deficiency, has been shown to
reduce the risk of acute respiratory infections [21]. In terms of
severity, vitamin D deficiency has been shown to be a risk
factor for exaggerated and persistent inflammation and play a
role in the development of acute respiratory distress syndrome
[22–24].

The pathology of COVID-19 involves a complex interac-
tion between SARS-CoV-2 and the immune system. The
renin-angiotensin system (RAS) is thought to play a central
role in the pathophysiology of COVID-19, which balances the
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inflammation response with two opposing regulatory routes:
the classical inflammation pathway formed by the ACE/
angiotensin 2 receptor and the alternative anti-inflammation
pathway formed by the ACE2/angiotensin (1-7)/MaSR. The
ACE2 is the host receptor for the entry of SARS-CoV-2 into
the cell [25]. It has been suggested that the introduction of
SARS-CoV-2 into the cell decreases angiotensin (1-7)/
MaSR levels, causing downregulation of ACE2. Thereby,
suppression of the anti-inflammatory response and excessive
activation of the classical pathway may result in
hyperinflammation/cytokine storm, which is held responsible
for the severity of the disease [26]. Children experience
COVID-19 more mildly compared to adults. Older age and
chronic illnesses are also risk factors for severe disease in the
pediatric age group. In our cohort, age and gender were not
significantly different between patient groups according to
clinical severity.

There are a few, mostly observational, studies evaluating
the relationship between vitamin D and COVID-19 severity or
mortality in adults. The cause of a higher hospitalization and

mortality rate of COVID-19 cases in northern latitudes was
attributed to a common vitamin D deficiency in people living
in northern countries [27]. A negative correlation has also
been found between mean vitamin D levels and the number
of COVID-19 cases in different countries [10]. Vitamin D
deficiency has been reported to be associated with worse clin-
ical outcomes and mortality in adult COVID-19 cases [11,
12]. Pediatric research evaluating vitamin D levels and
COVID-19 in terms of clinical severity and inflammation
markers is scarce. In this study, vitamin D deficiency (<12
ng/mL) was significantly higher in patients with a moderate-
to-severe clinical course (24/34, 70.6%) compared to both
mild (14/40, 35.2%) and asymptomatic (5/29, 17.2%) cases.
In line with this, 55.8% of the vitamin D–deficient patient
group had a moderate-to-severe clinical course. The multivar-
iate logistic regression analysis demonstrated that vitamin D
deficiency was associated with six times an increase in having
a moderate-to-severe clinical course. These findings demon-
strate the association between vitamin D deficiency and clin-
ical severity in pediatric COVID-19 cases.

Table 1 Comparison of patients according to clinical groups as asymptomatic, mild, and moderate-to-severe groups

Variables Asymptomatic (n = 29) Mild (n = 40) Moderate-to-severe (n = 34) p* p** p***

Age (year) 11.3 ± 5.05 11.9 ± 5.01 13.2 ± 4.68 NS NS NS

Male gender, n (%) 19 (65.5) 22 (55) 13 (38.2) NS NS NS

Hemoglobin (%) 13.5 (12.8–15.2) 13.4 (12.6–14.4) 12.9 (11.8–11.4) NS NS NS

Leukocyte (103 μL) 6.52 (5.3–8.74) 5.46 (4.37–6.46) 5.56 (4.0–7.1) NS NS NS

Neutrophil (103μL) 3.02 (2.21–4.33) 2.56 (1.75–3.31) 2.71 (1.84–3.68) NS NS NS

Lymphocyte (103 μL) 2.3 (2.00–3.38) 2.2 (1.8–2.6) 1.64 (1.12–2.38) NS 0.001 0.04

Platelet (103 μL) 226 (209–287) 244 (207–285) 218 (187–279) NS NS NS

C-reactive protein (mg/L) 0.8 (0.5–2.7) 1.5 (0.7–2.5) 8.45 (1.45–33.4) NS 0.001 0.001

Procalcitonin (ng/mL) 0.02 (0.02–0.035) 0.03 (0.02–0.03) 0.04 (0.2–0.13) NS 0.03 0.01

D-dimer (mg/L) 0.31 (0.25–0.63) 0.35 (0.26–0.46) 0.74 (0.35–1.28) NS 0.009 0.02

Fibrinogen (mg/dL) 242 (227–300) 266 (236–332) 372 (314–459) NS <0.001 <0.001

Calcium (mg/dL) 10 (9.6–10.25) 9.8 (9.6–10.1) 9.4 (9.1–9.82) NS 0.001 0.003

Phosphorus (mg/dL) 4.8 (4–5.35) 4.5 (3.7–5) 3.85 (2.5–4.37) NS 0.004 NS

Alkaline phosphatase (U/L) 186 (103–240) 171 (91–248) 110 (86–182) NS NS NS

Parathormone (pg/mL) 32.5 (25–44.2) 33 (24–47.5) 43 (29–46.2) NS NS NS

25-OH vitamin D (ng/mL) 16.3 (12.6–19.1) 13.95 (10.0–17.2) 9.95 (7.9–12.9) NS <0.001 0.001

25-OH vitamin D levels, n (%) 0.001
Normal (>20 ng/ mL) 7 (24.1)a 9 (22.5)a 3 (8.6)a

Insufficiency (12–20 ng/mL) 17 (58.6)a 17 (42.5)a,b 7 (20.6)b

Deficiency (<12 ng/mL) 5 (17.2)a 14 (35.2)a 24 (70.6)b

Data was presented as mean ± standard deviation, median (25th–75th percentiles) or n (%). Kruskal-Wallis test and chi-square test with a Bonferroni
correction were performed to compare continuous and categorical data, respectively

NS not significant

p*, asymptomatic vs mild group

p**, asymptomatic vs moderate-to-severe group

p***, mild vs moderate-to-severe group
a,bWithin each row, percentages that do not share a subscript are significantly different
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The cutoff values to define vitamin D deficiency and insuf-
ficiency have been established according to vitamin D (25 Oh
vit D) levels associated with abnormal laboratory and imaging
findings of bone metabolism (i.e., risk for rickets) (13).
However, there are controversial reports regarding the serum
level of vitamin D at which the immune system functions
optimally (4). In the current study, interestingly, vitamin D
insufficiency (12–20 ng/mL) was found to be similar to the
normal group in terms of both clinical severity and inflamma-
tion markers, whereas vitamin D deficiency was associated
with both clinical severity and markers of inflammation.

In COVID-19 cases, a decrease in the number of peripheral
lymphocytes has been widely observed and associated with a
severe clinical course [28]. The proposed mechanism is func-
tional depletion of ACE2 expressing and SARS-CoV-2-
infected lymphocytes in the early stages of the disease, which
in turn causes impairment of viral immunity. It has also been
shown that the lymphocyte count reaches the lowest values
when the inflammatory cytokine levels are the highest on days
4 to 6 [29]. Moreover, the association of vitamin D deficiency
with hyperinflammation has been reported in animal studies
[22, 24]. A decrease in hyperinflammation with vitamin D
supplementation has been also reported [23]. Increased CRP
levels in response to inflammatory cytokines have been asso-
ciated with disease severity and mortality in COVID-19 cases
[30]. In the present study, the clinically more severe group,
which also had significantly lower vitamin D levels and lym-
phocyte count, had significantly higher inflammationmarkers.
Furthermore, the lower 25 OH vit D level was associated with
higher inflammation markers (i.e., CRP and fibrinogen) and a
lower lymphocyte count. Therefore, vitamin D deficiency
may have a role in hyperinflammation and an associated low
lymphocyte count in COVID-19.

Vitamin D deficiency is still a common public health prob-
lem worldwide. In some countries, prophylactic vitamin D
supplementation is given in both infancy and adolescents
[31]. In our country, prophylactic vitamin D supplementation
is given only in infancy. In the present cohort, sufficient 25
OH vit D levels were observed only in 18.4% of all cases.
Vitamin D deficiency was more evident in the adolescent age
group. The high ratio of vitamin D insufficiency (38.4%) and

deficiency (41.7%) may be explained by decreased synthesis
of natural vitamin D due to the low exposure to the sun be-
cause of the quarantine and the beginning of the pandemic,
which started just at the end of winter in our country. In addi-
tion, children under 1 year old were excluded as routine vita-
min D supplementation is applied. Considering the high prev-
alence of vitamin D insufficiency and deficiency in the ado-
lescent age group and the given relationship between vitamin
D levels and the clinical severity of the COVID-19 in this
study, prophylactic vitamin D supplementation to adolescents
should be considered during the COVID-19 pandemic as a
health policy.

This is a single-center study, and the findings may not be
attributable to other populations as COVID-19 is a pandemic
affecting all nations. Genetic variability of ACE2 or the vita-
min D receptor may also affect the disease’s course. As the
anthropometric measures of all patients were unavailable, the
effect of obesity on the clinical course and inflammation
markers could not be evaluated. This is the first study to eval-
uate the relationship between vitamin D and clinical severity
and inflammatory markers in pediatric COVID-19 cases.
Although the relationship between COVID-19 and vitamin
D deficiency has been demonstrated, the cause and effect re-
lationship has not been fully explained due to the retrospective
nature of the study. Thus, randomized-controlled prospective
studies are needed.

Conclusion

Although the effects of vitamin D on the immune system are
quite complex, the available data support that adequate 25 OH
vit D levels facilitate the defense process against bacterial and
viral infections and prevent hyperinflammation. In this study,
it has been shown that the serum vitamin D level was associ-
ated with clinical severity and markers of inflammation in
children and adolescents with COVID-19. Interestingly, these
associations were observed especially when there was a
deficiency (i.e., 25 OH vit D <12 ng/mL). Although it has
been demonstrated that vitamin D insufficiency has a role in
bonemetabolism, in the present study, vitamin D insufficiency

Fig. 1 Correlations of 25 OH vitamin D with inflammation markers. Vitamin D was correlated positively with lymphocyte count and negatively with C-
reactive protein and fibrinogen levels
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was not found to be associated with disease severity or inflam-
mation markers in COVID-19. Lastly, we suggest that consid-
ering the ongoing lockdown measures, prophylactic vitamin
D supplementation may be considered especially for the ado-
lescent age group during the COVID-19 pandemic as a health
policy.

Abbreviations ACE2,Angiotensin converting enzyme 2;ALP,Alkaline
phosphatase; ARDS, Severe acute respiratory syndrome; CRP, C-reactive
protein; COVID-19, Coronavirus disease 2019; PCR, Polymerase chain
reaction; PTH, Parathyroid hormone; RAS, Renin-angiotensin system;
TLR, Tall-like receptors; SARS-CoV-2, Severe acute respiratory syn-
drome coronavirus 2; 25 OH vit D, 25 Hydroxy vitamin D
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