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INTRODUCTION

Vitamin D is a steroid hormone that plays a critical 
role in bone health and immune system modulation.1,2 
Vitamin D deficiency (VDD) is considered an important 
global public health problem that affects people of all 
ages.3 Many studies have investigated the relationship 

between severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) clinical severity4–6 and VDD, as well as 
the possible protective effects of vitamin D supplemen-
tation.7 Such studies have argued that the frequency of 
VDD is significantly higher in SARS-CoV-2 patients 
with severe symptoms,8 suggesting a potential relation-
ship between VDD and SARS-CoV-2 prognosis.4,9,10 
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Abstract
Background: Many studies have discussed the effects of serum vitamin D deficiency 
in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) patients. This 
study aimed to investigate the relationship between SARS-CoV-2 infection severity 
and free vitamin D (FVD) and bioavailable vitamin D (BAVD) levels in children.
Methods: A prospective case–control study design was used. Participants were 
divided into three groups based on the World Health Organization COVID-19 
Clinical Progression Scale. Serum 25-hydroxyvitamin D (ng/mL), albumin (g/L), 
and vitamin D binding protein (ng/mL) levels were evaluated to investigate the 
relationship between disease severity and FVD and BAVD levels.
Results: In total, 82 participants were included in the study. Of those, 24.4% were 
uninfected (n = 20), 50% had a mild case of SARS-CoV-2 (n = 41), and 25.6% had 
a moderate case (n = 21). There was a statistically significant difference in FVD 
and BAVD levels between the groups (p = 0.026). Median FVD (p = 0.007, Cohen's 
d = 0.84) and BAVD (p = 0.007, Cohen's d = 0.86) levels were significantly higher in 
the mild group compared to the moderate group. FVD and BAVD metabolites 
were moderately positively correlated with lymphocyte counts (FVD: r = 0.437, 
p < 0.001; BAVD: r = 0.439, p < 0.001).
Conclusions: This is the first study to demonstrate a relationship between SARS-
CoV-2 symptom severity and FVD and BAVD levels. The relationship between 
FVD and BAVD levels and lymphocyte counts could play an important role in 
symptom severity and should be evaluated in further studies.
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Vitamin D acts as a virus entry inhibitor by interact-
ing with the angiotensin-converting enzyme-2 receptor, 
which acts as a virus entry point due to its protein spike 
(S) end.11 Speeckaert et al.12 suggested that, coupled with 
the possible impact of vitamin D on SARS-CoV-2 infec-
tion pathogenesis, vitamin D binding protein (VDBP)-
regulated concentrations of bioavailable vitamin D 
(BAVD) and free vitamin D (FVD) could modulate the 
human immune system response to viral infections. 
Therefore, BAVD and FVD may play a role in the rela-
tionship between SARS-CoV-2 and vitamin D.

Although 25-hydroxyvitamin D (25OH vitamin D) 
levels are the most effective indicator of vitamin D lev-
els, FVD and BAVD levels should be considered when 
discussing immunomodulation.2,13 The free hormone 
hypothesis proposes that protein-bound hormones 
demonstrate weaker activity than those released from 
binding proteins. However, albumin binding is consid-
ered relatively weak compared to the strength of specific 
binding proteins. Therefore, albumin-bound hormones 
are referred to as being “bioavailable.”14 In healthy sub-
jects, approximately 85% of the vitamin D metabolites 
are bound with a high affinity to VDBP, while approx-
imately 15% are bound to albumin with low affinity.13 
Therefore, bioavailable 25OH vitamin D levels may be a 
more effective indicator of the relationship between par-
ticular diseases and vitamin D levels than serum vitamin 
D concentrations.

Although many studies have investigated the rela-
tionship between vitamin D levels and SARS-CoV-2 dis-
ease severity,4–6,15 to the authors' knowledge, none have 
investigated the relationship between disease severity 
and BAVD and FAVD levels in children.12 Therefore. 
This study aimed to investigate the relationship between 
SARS-CoV-2 infection severity and FVD and BAVD lev-
els in children.

M ETHODS

In this prospective case–control study, cases were se-
lected from children who were admitted to the Haseki 
Training and Research Hospital Pediatric Infection In-
patient and Outpatient Clinic between July 1, 2021 and 
June 31, 2022. To be included in the study group, partici-
pants had to have presented to the outpatient clinic with 
a suspected SARS-CoV-2 infection, be aged between 0 
and 18 years old, provide consent to participate, and not 
have a chronic disease (e.g., cystic fibrosis). Indications 
for SARS-CoV-2 PCR testing or screening to suspected 
cases were defined according to the Turkish Minis-
try of Health COVID-19 management guidelines: The 
presence of at least one criterion from “Epidemiologic 
Features: Contact history” and/or “Symptom and Sign 
Findings.”16 Participants who returned a positive SARS-
CoV-2 polymerase chain reaction (PCR) or antibody 
test were placed in either of the study groups (mild and 

moderate) and only had contact history but no sign or 
symptoms and negative tests were placed in the control 
group. Only one patient demonstrated severe symptoms 
during the period of data collection; these patients were 
not included in the study (Figure 1).

In total, 82 children were included in the study. Par-
ticipants were divided into three groups according to 
World Health Organization (WHO) COVID-19 Clinical 
Progression Scale.17 Patients who underwent a PCR test 
due to contact with another COVID-19 case but had no 
symptoms or complaints and returned negative tests (i.e., 
no viral RNA was detected) were placed in the control 
group (group 1). Patients who were asymptomatic but re-
turned positive PCR tests (i.e., viral RNA was detected) 
were placed in the mild group (group 2). Patients who 
returned positive PCR tests and were hospitalized, but 
did not require oxygen therapy or oxygen masks, or nasal 
prongs cases, were placed in the moderate group (group 
3). No severe cases were included in the study (Figure 1).

All participants in the mild and moderate groups 
underwent routine laboratory screening, and the labo-
ratory data were available in their hospital records. All 
tests were taken within the first 3 days of SARS-CoV2 
positivity. The white blood (including neutrophils and 
lymphocytes; μL), thrombocyte (μL), C-reactive pro-
tein (CRP; mg/L), high-sensitivity CRP (Hs-CRP; ng/
mL), procalcitonin (μg/L), sedimentation (mm/h), fibrin-
ogen (g/L), and D-dimer (μg/L) levels were noted from 
the records of all participants in the mild and moderate 
groups. Due to ethical issues, all patient data were ano-
nymized, and all patient records were attributed to ID 
numbers instead of names.

Patient characteristics, such as age and gender, were 
taken from the patient logs on the hospital information 
management system. To investigate the relationship 
between SARS-CoV-2 disease severity and FVD and 
BAVD levels, 25OH vitamin D (ng/mL), albumin (g/L), 
and VDBP (ng/mL) using samples that underwent cen-
trifugation in a dry tube. The 25OH vitamin D levels 
were measured via an immune inhibition assay (DXI800 
instrument, Beckman Coulter), while VDBP levels were 
evaluated using the enzyme-linked immunosorbent 
assay technique and a VDBP kit (Immundiagnostik 
AG, Cat: K2314). 25(OH)D levels of less than 12 ng/mL 
(30 nmol/L) were considered to be VDD, levels between 
12 and 20 ng/mL (30–50 nmol/L) were vitamin D insuffi-
ciency, and levels >20 ng/mL (50 nmol/L) were reported 
as vitamin D sufficiency according to the Global Con-
sensus Recommendations.18 Hypoalbuminemia was de-
fined as the levels of serum albumin (g/L) levels under 
age-specific lower limits (1–8 years 38–47 g/L, 8–15 years 
41–48 g/L, 15–19 years 41–51 g/L).19 BAVD and FVD lev-
els were calculated using the Bikle et al.20 and Vermeulen 
et al.21 equations that have been validated by previous 
studies.

All participants (both parents and children) signed an 
informed consent form to participate in the study. Ethics 
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committee approval was obtained from the local ethics 
committee with a protocol decision (no. 2022/10/17).

Statistical analysis

Data were analyzed using the SPSS Statistics 28.0 pro-
gram for Windows. Study variables were investigated 
using visual and analytical methods (Kolmogorov–
Smirnov and Shapiro–Wilk's tests) to determine whether 
they were normally distributed. Due to lower limits of 
albumin levels changed according to age, hypoalbu-
minemia was categorized in line with the age-specific 
lower limits, and age-adjusted albumin median levels 
were compared in the analyses. Descriptive variables 
were presented according to whether they were categori-
cal or numerical. Categorical variables are presented 
as numbers and percentages, while numerical vari-
ables are presented as median and interquartile ranges. 

Differences between categorical variables and outcome 
variables were assessed using chi-square tests. As the nu-
merical variables were not normally distributed, a one-
way ANOVA test was used to compare two independent 
groups. The Kruskal–Wallis test was used to compare 
more than two independent variables. Differences be-
tween the two-group means were calculated using Co-
hen's d. No parameters were normally distributed; 
therefore, correlation coefficients were calculated using 
Spearman's rank-order correlation coefficient. Statisti-
cal significance was accepted as p < 0.05.

RESU LTS

In total, 82 participants were included in the study. The 
mean participant age was 150 ± 56.7 months, and 53.3% 
(n = 47) of participants were female. Regarding the num-
ber of participants allocated to each group, 24.4% (n = 20) 

F I G U R E  1   Flow chart of the study according to the COVID-19 WHO clinical progression scale.17 WHO, World Health Organization.
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of participants were placed in the control group, 50% 
(n = 41) were placed in the mild group, and 25.6% (n = 21) 
were placed in the moderate group (Figure 1).

There was no significant relationship between VDBP, 
25OH vitamin D levels and VDD, hypoalbuminemia 
percentage in all groups. However, albumin levels were 
significantly higher in the control group compared to 
the mild and moderate groups (p < 0.001 for age-adjusted 
albumin levels). Pairwise comparisons revealed that 
this difference was caused by the high albumin levels in 
the control group compared to the mild and moderate 
groups (control vs. mild: 48 vs. 44 g/L, p = 0.01; control vs. 
moderate: 48 vs. 44 g/L, p < 0.001; Figure 2). A significant 
difference was found in the BAVD and FVD levels calcu-
lated by Vermeulen (FVDv) and Bikle (FVDb) methods 
between the mild and moderate groups (p = 0.026). Me-
dian FVD and BAVD levels were significantly lower in 
the moderate group compared to the mild group (FVDv 
4.04 vs. 2.59 pg/mL, p = 0.007, Cohen's d = 0.79; FVDb 
4.00 vs. 2.58 pg/mL, p = 0.007, Cohen's d = 0.84; BAVD 
1.61 vs. 1.01 pg/mL, p = 0.007, Cohen's d = 0.86; Tables  1 
and 2; Figure 2).

As expected, the median white blood count of the 
mild group was significantly higher than that of the 
moderate group (6350 vs. 4600 μL, respectively, p = 0.017). 
This difference could be attributed to the difference in 
the median lymphocyte counts of the mild and mod-
erate groups (2520 vs. 1700 μL, respectively, p < 0.001). 
Although no significant differences in Hs-CRP and pro-
calcitonin levels were observed, CRP and sedimentation 
levels were significantly higher in the moderate group 
compared to the mild group (CRP: 0.70 vs. 5.10 mg/L, re-
spectively, p = 0.004; sedimentation: 8.00 vs. 15.50 mm/h, 
respectively, p = 0.005). Furthermore, fibrinogen and D-
dimer levels were significantly higher in the moderate 
group compared to the mild group (fibrinogen: 276.00 
vs. 367.00 g/L, respectively, p = 0.004; D-dimer: 0.32 vs. 
0.51 μg/L, respectively, p = 0.020; Table 3).

The bivariate correlations of laboratory findings and 
vitamin D variables are summarized in Table  4. All 
FVD and BAVD metabolites were moderately positively 
correlated with lymphocyte counts (FVDv: r = 0.437, 
p < 0.001; FVDb: r = 0.437, p < 0.001; BAVD: r = 0.439, 
p < 0.001) (Table 4).

DISCUSSION

This is the first study to demonstrate a relationship be-
tween SARS-CoV-2 symptom severity and FVD and 
BAVD levels. Median FVD and BAVD levels were sig-
nificantly lower in more severe SARS-CoV-2 patients 
and were moderately positively correlated with lympho-
cyte counts, thereby suggesting that VDD plays a role in 
the clinical severity of SARS-CoV-2.

In addition to the already well-known protective im-
munomodulatory effects of vitamin D,1 VDBP may play 

several roles in the course of COVID-19 and other viral 
infections, such as macrophage activation and chemo-
taxis.1,22 Reduced serum VDBP concentrations have 
been reported in patients with sepsis and acute respira-
tory distress syndrome.23 As a multifunctional protein, 
VDBP is the major carrier of vitamin D metabolites and 
acts as an actin scavenger; actin is a neutrophil chemo-
tactic factor and macrophage activator.24 Serum VDBP 
concentrations and the D vitamin binding protein (DBP) 
genotype impact bioavailable 25OH vitamin D concen-
trations.25 Although there was no difference between 
the VDBP levels of the groups, FVD and BAVD levels 
were lower in the moderate group compared to the mild 
group. As VDBP concentrations and DBP genotypes are 
affected by FVD and BAVD concentrations, these results 
may be due to DBP gene polymorphisms. Unfortunately, 
we could not analyze the effect of gene polymorphisms 
on free and bioavailable vitamin D concentrations.

A wide range of FVD and BAVD was observed in 
healthy controls. Although there was no significant 
difference between the healthy control and the study 
groups, the significant difference between the median 
FVD and BAVD levels in patients with mild and moder-
ate SARS CoV-2 infection was noteworthy. For FVD and 
BAVD levels, in addition to inflammatory processes, the 
presence of genetic polymorphism must be taken into ac-
count. FVD data in the literature are very inconsistent 
due to the use of different assessment techniques, genetic 
polymorphism, dietary habits, sex, age, pathological 
conditions, geographical differences, use of vitamin D 
supplements and often study design with small sample 
sizes.26 As a result, there is no consistent approach to 
comparing or synthesizing the existing literature, which 
in turn limits the ability to draw firm conclusions. Sim-
ilar to our findings, in a study of children with type 1 
diabetes mellitus, the mean BAVD levels in the control 
group were found to be between the two study groups 
(DM with or without ketoacidosis). Although there was 
no significant difference between the study and control 
groups, BAVD levels were significantly reduced in type 1 
diabetes mellitus with ketoacidosis.27

Previous studies have reported that the positive ef-
fects of vitamin D on the innate and adaptive immune 
system and immune response modulation may prevent 
lung and cardiovascular system damage and decrease 
thrombotic events.28 Furthermore, vitamin D may 
prevent virus entry and replication by protecting the 
integrity of physical barriers and may reduce organ 
damage and thrombotic events by increasing levels of 
angiotensin-converting enzyme 2, nitric oxide, and an-
tioxidants or by reducing inflammatory cytokine and 
free radical levels.28 A recent meta-analysis found that 
low levels of vitamin D increased the risk of severe 
SARS-CoV-2 disease in pediatric patients by 5.5. times 
and pediatric patients with VDD were at a greater risk 
of SARS-CoV-2 infection than patients with normal vi-
tamin D levels.29,30 However, another recent systematic 
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review and meta-analysis investigating the relationship 
between vitamin D and SARS-CoV-2 severity deter-
mined that the currently available results are still too 

controversial and insufficient for vitamin D to be used 
in intensive care units (ICUs).31 All studies included in 
these meta-analyses assessed either serum or plasma 

F I G U R E  2   Vitamin D, vitamin D metabolites and albumin levels according to the severity of SARS-CoV-2 infection. p-values in each 
figure represent the Kruskal–Wallis test significance level between the three groups. *: p < 0.05, **: p < 0.01, ***: p < 0.001; 25OH vitamin D, 
25-hydroxyvitamin D, VDBP: vitamin D binding protein.
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vitamin D concentrations, which may explain the con-
flicting results. Therefore, determining the FVD and 
BAVD concentrations may provide greater clarifica-
tion on whether vitamin D should be administered in 
ICUs.

The current study detected a weak positive cor-
relation between lymphocyte count and FVD and 
BAVD levels. Similar to these findings, a study in-
vestigating VDD, SARS-CoV-2 clinical severity, and 

inflammatory markers in children found children with 
higher clinical severity had significantly lower vitamin 
D levels and significantly higher levels of inflamma-
tory markers. This study concluded that low 25OH vi-
tamin D levels were associated with higher levels of 
inflammatory markers and that vitamin D may affect 
the clinical course of SARS-CoV-2 in children and ad-
olescents, possibly by regulating the systemic inflam-
matory response.4

TA B L E  1   Patient characteristics.

Group 1 uninfected 
group (n = 20)

Group 2 mild group 
(n = 41)

Group 3 moderate 
group (n = 21) p-values

Age Mean ± SD 138.85 ± 54.21a 136.17 ± 63.55a 186.24 ± 16.54b 0.020*

Gender

Female n, % 11 (55) 22 (53.7) 14 (66.7) 0.601**

Male n, % 9 (45) 19 (46.3) 7 (33.3)

25OH vitamin D (ng/mL) Median (25-75p) 11.60 (7.45–18.60) 13.40 (10.70–16.60) 11.00 (7.10–12.65) 0.076***

VDD n, % 10 (50) 12 (29.3) 13 (61.9) 0.180**

Albumin (g/L) (age) Median (25-75p) 48 (47–49) a 44 (43–46) b 44 (41–45) b <0.001***

Hypoalbuminemia† n, % 1 (5) 1 (2.4) 4 (19.0) 0.065**

Abbreviations: 25OH vitamin D, 25-hydroxyvitamin D; SD, standard deviation; VDBP, vitamin D binding protein; VDD, vitamin D deficiency.18

*One-way ANOVA test; **Chi-square test; ***Kruskal-Wallis test.
†Hypoalbuminemia: albumin levels under age-specific lower limits.19 Each letter represents a statistically significant difference.

TA B L E  2   The difference between the groups according to the vitamin D metabolites.

Group 1 vs. 2 uninfected 
vs. mild group

Group 1 vs. 3 uninfected 
vs. moderate group

Group 2 vs. 3 mild vs. 
moderate group

Free vitamin D Vermeulen et al.21 (pg/mL) p 0.121 0.482 0.007

Cohen's d −0.12 0.40 0.79

Free vitamin D Bikle et al.20 (pg/mL) p 0.121 0.500 0.007

Cohen's d −0.13 0.40 0.84

Bioavailable vitamin D (pg/mL) p 0.168 0.332 0.007

Cohen's d −0.07 0.45 0.86

Note: Cohen's d, practical/clinical +and effect; 0.25 = educationally significant (e.g., something was learnt), 0.50 = practically/clinically significant (e.g., something 
really changed).

TA B L E  3   Laboratory findings of study groups.

Median (25–75p) Group 2 mild group (n = 41) Group 3 moderate group (n = 21) p-values*

White blood count (μL) 6350 (5075–8970) 4600 (3765–7550) 0.017

Neutrophils 3250 (2315–4195) 2370 (1845–3770) 0.243

Lymphocytes 2520 (1995–3550) 1700 (1330–2435) <0.001

Thrombocytes (μL) 253,000 (215,500–319,500) 222,000 (192,500–293,500) 0.228

CRP (mg/L) 0.70 (0.40–2.60) 5.10 (0.95–8.80) 0.004

Hs-CRP (ng/mL) 11.10 (8.70–13.70) 9.80 (8.05–10.65) 0.090

Procalcitonin (μg/L) 0.03 (0.02–0.04) 0.02 (0.02–0.04) 0.960

Sedimentation (mm/h) 8.00 (4.50–13.00) 15.50 (8.25–26.75) 0.005

Fibrinogen (g/L) 276.00 (235.00–347.00) 367.00 (281.00–409.00) 0.004

D-dimer (μg/L) 0.32 (0.25–0.47) 0.51 (0.28–1.17) 0.020

Abbreviations: CRP, C-reactive protein; Hs-CRP, high sensitive c-reactive protein; SD: standard deviation.

*One-way ANOVA test.
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Considering that serum DBP concentrations may af-
fect FVD and BAVD levels during infection periods, it 
may be insufficient to evaluate the immunomodulatory 
functions of vitamin D using only 25OH vitamin D lev-
els.4,19 Both serum DBP and albumin concentrations are 
known to induce negative acute phase responses during 
the acute phase of illness.13 In this study, although no 
significant difference was observed in the DBP levels of 
groups, albumin levels were significantly higher in the 
control group. This finding is in line with the literature 
that albumin acts like a negative acute phase reactant.

In a study comparing the severity of SARS-CoV-2 and 
influenza A infections in adults using a total 25OH vi-
tamin D and FVD levels, serum 25OH vitamin D lev-
els were found to be significantly lower among patients 
who received invasive mechanical ventilation.32 A simi-
lar relationship was observed in those with more severe 
infections. Furthermore, a decrease in FVDs has been 
shown to significantly increase the possibility of patients 
requiring invasive mechanical ventilation requirement 
and mortality rates.32 In the current study, lower FVD 
concentrations were observed in the moderate group 
compared to the mild group. As FVD concentration may 
affect disease severity, it may be useful to evaluate FVD 
levels in moderate and severe patients in the ICU.

The current study found that lower serum vitamin D 
levels, particularly VDD, were associated with clinical 
severity and significantly associated with higher levels 
of inflammatory markers, like CRP and fibrinogen, and 
lower lymphocyte counts.4 Similarly, a previous study 
observed increased CRP in hospitalized pediatric SARS-
CoV-2 patients with low vitamin D concentrations, al-
though this relationship was nonsignificant.15 In line 
with the existing literature, FVD and BAVD metabolites 
were moderately positively correlated with lymphocyte 
counts in the current study. Although there was a signif-
icant relationship between lymphocyte counts and FVD 
and BAVD levels, no relationship was detected between 
inflammatory markers and FVD and BAVD levels. Fur-
ther studies are needed to clarify these interactions.

There are several limitations in the current study. 
First, no inflammatory markers were detected in the con-
trol cases. Second, the sample size was relatively small. 
Due to the vulnerable nature of children, no additional 
interventions were used, as they could have placed them 
at risk. Furthermore, no severe patients were included 
in the study group. This was due to the case–control 
study design and the fact that only one severe case was 
reported at the outpatient and inpatient clinics during 
the period of data collection, which was an insufficient 
number of cases to form a study group. The cause and 
effect could not be established due to the cross-sectional 
design of our study, but the difference between mild and 
moderate patients was remarkable.

Although previous studies have investigated the re-
lationship between serum vitamin D levels and SARS-
CoV-2 severity in children, the current study is the first 

to demonstrate a relationship between symptom sever-
ity and FVD and BAVD levels. In light of our findings, 
25OH vitamin D, FVD and BAVD levels should only be 
evaluated for the infected cases, due to no significant dif-
ference between the control and study groups. Although 
there was no significant difference between the control 
and study groups, the decreased FVD and BAVD lev-
els in moderate cases were noteworthy. The relationship 
between increased FVD and BAVD levels and lympho-
cyte counts may play an important role in determining 
SARS-Cov-2 severity and must be evaluated with further 
studies. Based on the findings, vitamin D supplementa-
tion may help lessen SARS-CoV-2 severity among the 
pediatric population.
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