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Abstract

Background: The world is now challenging the pandemic of COVID-19 infection. This is the third and most
extensive pandemic. Previous studies showed the plausibility of vitamin D prophylaxis and therapy for COVID-19,
particularly in settings where hypovitaminosis D is frequent. Recent study from Indonesian showed that the
prevalence of vitamin D deficiency was 23.0%. The examination of vitamin D status is not a routine in the
Indonesian clinical setting.

Methods: This study is a case series from confirmed cases of COVID-19 in Bethesda Hospital Yogyakarta Indonesia.
The data of clinical symptoms, signs and laboratory examinations were obtained from the electronic medical
records. The vitamin D status was measured by Enzyme-Linked Fluorescent Assay (ELFA) method. We searched
PubMed and Google Scholar for studies that included terms for Vitamin D and COVID-19.

Results: The data were obtained from 10 participants consisting of 50% male and 50% female. The mean age was
49,6 years. The prevalence of vitamin D deficiency in this study was 90% (vitamin D levels < 20 ng/mL) and 10% of
insufficiency (vitamin D levels < 30 ng/mL). Patients in this study had various symptoms such as fatigue (60%), fever
(50%), dry cough (40%), non-specific headache (10%), and diarrhea (10%); have no symptoms (20%); and also had

stroke (10%).

deficiency especially in managing COVID-19 patients.

the various chronic diseases as comorbidity such as hypertension (40%), diabetes (10%), COPD (10%), and post

Conclusions: All of the COVID-19 patients in this study had hypovitaminosis D. The prevalence of vitamin D
deficiency in this case series is 90% and only 1 patient (10%) had vitamin D insufficiency. There are many health
benefits of vitamin D and very few adverse effects. Randomized controlled trials need to determine and evaluate
this recommendation in preventing or treating COVID-19. Clinicians should continue to treat people with vitamin D
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Background

The world is now challenging the pandemic of corona-
virus (CoV) infections, the disease called COVID-19. A
new CoV infection epidemic began in Wuhan, China, in
late 2019 [1]. This is the third and most extensive
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pandemic after the first severe acute respiratory syn-
drome (SARS)-CoV, which started in China in 2002 [2].
The second epidemic from coronavirus was the Middle
East respiratory syndrome (MERS)-CoV in the Middle
East, first reported in 2012 [3].

The data from the Indonesian task force for COVID-
19 on 16 June 2020 showed that there were 40,400 con-
firmed cases, 22,466 active suspected cases, and 2231
death (5.5%). The mortality rate is the highest among
Southeast Asian countries [4].
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Indonesia is a tropical country with abundant sun ex-
posure, as it lies within the equatorial zone. A previous
study showed that the prevalence of 25-hydroxyvitamin
D [25(OH)D] deficiency among Indonesian elderly
women in institutionalized care is approximately 35.1%
[5]. A recent study from Indonesia showed that the
prevalence of vitamin D deficiency was 23.0% [6].

Vitamin D has been proven to enhance the expression
of antioxidation-related genes, modulate adaptive
immunity, and improve cellular immunity [7, 8]. Vitamin
D has immuno-modulatory properties that include
downregulation of proinflammatory cytokines, and has
been shown to attenuate lipopolysaccharide-induced
acute lung injury in mice by blocking effects on the
angiopoietin (Ang)-2-Tie-2 signaling pathway and on
the renin-angiotensin pathway [8, 9]. The protective
effect of vitamin D against COVID-19 is related to the
suppression of the cytokine response and reduced sever-
ity/risk for ARDS. The evidence from a meta-analysis
that regular oral vitamin D,/Dj intake (in doses up to
2000 IU/d without additional bolus) is safe and protect-
ive against acute respiratory tract infection, especially in
subjects with vitamin D deficiency [10].

There has been no proven therapy for COVID-19 yet.
Previous studies have shown the plausibility of vitamin
D prophylaxis and therapy for COVID-19, particularly in
settings where hypovitaminosis D is frequent. The
examination of vitamin D status is not a routine in the
Indonesian clinical setting. The aim of our study was to
report a case series of vitamin D status in patients with
confirmed COVID-19 and review recent literature on
the role of vitamin D in COVID-19.

Methodology

Research design

This original article was case series from confirmed
COVID-19 cases in Bethesda Hospital Yogyakarta,
Indonesia. The aim of this study is to explain that the
majority of COVID-19 patients have low vitamin D
levels, which may contribute to decreased immunity.

We also do recent literature review by searched
PubMed and Google Scholar for studies that included
terms for vitamin D and COVID-19. We found no trials
of vitamin D in COVID-19 that have reported results.
We did find several studies that are registered but have
not yet been reported. None seemed to be masked com-
parisons to placebo.

Research subjects

The data were obtained consecutively from the COVID-
19 confirmed real-time PCR patients that admitted to
Bethesda Hospital Yogyakarta, Indonesia. The data of
clinical symptoms, clinical signs, and laboratory
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examinations were obtained from the electronic medical
records and analyzed descriptively.

Laboratory analysis

The vitamin D status was measured by a standardized
laboratory method. The vitamin D examination was per-
formed using VIDAS 25(OH)D (bioMerleux, Marcy
I'Etolie, France) for vitamin D, and D3 with an enzyme-
linked fluorescence assay. The high precision of VIDAS
25(OH)D (bioMerleux, Marcy I'Etolie, France) shows by
CV <16% from 8 to 20 ng/mL and CV <5% from 20 to
126 ng/mL. The lowest amount of 25(OH)D can be
quantitatively determined with the stated accuracy of
CV < 20%. The city of the company (bioMerleux, Marcy
I'Etolie, France) is in France [11].

The measurement of 25-hydroxyvitamin D [25(OH)D]
serum was performed by enzyme immunoassays for the
quantitative measurement of total serum of 25-
hydroxyvitamin D [25(OH)D] levels. The 3 groups of
vitamin D status include deficiency status (25(OH)D
levels <10 ng/mL), insufficiency status (25(OH)D levels
10-29 ng/mL), and sufficiency status (25(OH)D levels
30-100 ng/mL).

Statistical analysis

This case series is a descriptive study that explains vita-
min D deficiency among patients with COVID-19. To
determine the deficiency status in COVID-19 patients,
we used the normal values from the laboratory results of
vitamin D level examination as an indicator of vitamin D
status. We also analyzed vitamin D levels based on
demographics and laboratory examinations data using
the Fisher’s exact test. Data analysis was carried out by
SPSS Statistics version 23.

Results

Case presentation

Herein, we report that there were 10 participants with
COVID-19 consisting of 50% males (5 patients) and 50%
females (5 patients). All patients had either positive sero-
logical or real-time PCR tests for COVID-19. The aver-
age age of the participants was 49.6years old. All
patients involved in this study had body mass index
(BMI) of less than 25. Symptoms felt by patients vary,
and some are asymptomatic. About 60% of patients had
symptoms of fatigue, 50% with fever, 40% with dry
cough, 10% with headache, 10% with non-specific head-
ache, 10% with diarrhea, and 20% had no symptoms but
had close contact with COVID-19 patients. All patients
had mild to moderate severity. The patients’ comorbidi-
ties also vary, 40% have a history of hypertension, 10%
patients with diabetes, 10% patients with COPD, and
10% patients with post stroke.
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Table 2 Demographics and laboratory examinations data

Variables

Frequency

Percentage (%)

Age (mean £ SD)
Gender
Male
Female
Comorbidity
Yes
No
Vitamin D Status
Deficiency
Insufficiency
Lymphocyte
Low
Normal
High
Monocyte
Low
Normal
High
Neutrophil
Low
Normal

High

49.60 + 20.58 years

50
50

50
50

90

20
80

50
50

70
30

Table 3 Vitamin D status based on demographics and
laboratory examinations data

Variables Vitamin D p value
Deficiency (%) Insufficiency (%) g;i::te:’ess 1)
Gender
Male 40 10 1.00
Female 50 0
Comorbidity
Yes 50 0 1.00
No 40 10
Lymphocyte
Low 20 0 1.00
Normal 70 10
Monocyte
Normal 40 10 1.00
High 50 0
Neutrophil
Normal 60 10 1.00
High 30 0
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Based on the laboratory tests, 90% (9 patients) had
vitamin D deficiency status (vitamin D levels <20 ng/
mL), 3 out of 10 patients had vitamin < 8.1 ng/mL, and
10% (1 patient) had vitamin D insufficiency status (vita-
min D levels 20-29 ng/mL) and there were no patients
with normal or adequate vitamin D levels. The results of
other blood tests can be seen in Tables 1 and 2.

Table 3 shows vitamin D levels based on demograph-
ics and laboratory examinations data. The research data
were analyzed by using the Fisher’s exact test, resulting
that there were no significant results on all variables
where p > 0.05. These results indicate that all the vari-
ables in Table 3 do not significantly affect the occur-
rence of low vitamin D levels in COVID-19 patients.

Discussion

Here, we report our findings in 10 patients with con-
firmed COVID-19 infection and hospitalized in Bethesda
Hospital, Yogyakarta, Indonesia. From the total patients,
50% (5 patients) were males and 50% (5 patients) were
females with an average age of 49.6 years. The incuba-
tion period for COVID-19 in this case is 2—14 days. Our
study showed that the elderly and females tend to have
lower vitamin D levels. This is relevant to the facts on
vitamin D and COVID-19 in which the 25-
hydroxyvitamin D [25(OH)D] concentrations tend to
decrease with the age [12]. Furthermore, COVID-19 case
fatality rates (CFRs) increase as the age increases [13].

In this case, we report various symptoms of COVID
patients such as fatigue, fever, dry cough, headache,
non-specific headache, diarrhea, and those who also had
no symptoms. All patients in this case had mild to mod-
erate severity. This result is similar with other studies.
COVID-19 has a clinical presentation similar to SARS
and MERS. The most common symptoms of COVID-19
are fatigue, fever, and breathing disorder, including
cough, sore throat, and shortness of breath. Symptoms
of intestinal disorders are rarely reported in patients
with COVID-19, although diarrhea occurs in about 20—
25% of patients with SARS and MERS [14-16].

We found that COVID-19 patients in this case had
several comorbidities which are chronic diseases such as
hypertension, diabetes, COPD, and post stroke. Some
studies reported that people with chronic disease comor-
bidities have lower 25(OH)D than healthy people [17].
Higher concentrations of 25-hydroxyvitamin D
[25(OH)D] have the important benefits and may reduce
the risk of many chronic diseases including cancer,
hypertension, cardiovascular disease, diabetes mellitus,
and chronic respiratory infections [17].

In this case series, we evaluated vitamin D status in 10
patients with COVID-19. The examination of vitamin D
levels was carried out by blood tests in the laboratory.
From 10 patients, we found that 90% (9 patients) had



Pinzon et al. Tropical Medicine and Health (2020) 48:102

vitamin D deficiency and 10% (1 patient) had vitamin D
insufficiency. Some of the patients had very severe defi-
ciency. The distribution of vitamin D levels in COVID-
19 patients in Indonesia is not yet widely available, due
to the lack of studies on vitamin D in COVID-19
patients. We can only explain in a study in Indonesia
that is currently ongoing, where the prevalence of vita-
min D deficiency in COVID-9 patients was 23% [6].
Similar to our findings, previous studies reported
COVID-19 patients among ICU subjects in which 11
(84.6%) of them had vitamin D insufficiency vs. 4
(57.1%) of floor subjects. Surprisingly, 100% of ICU
patients who are less than 75 years old had vitamin D in-
sufficiency (n = 11). Among these, 64.6% (n = 7) had
very low 25(OH)D levels <20ng/mL and three had
25(OH)D levels < 10 ng/mL [18].

A recent study from Martineau et al. performed a meta-
analysis from 25 randomized controlled trials (10,933 par-
ticipants). There was a statistically significant reduction
found from vitamin D supplementation in the risk of hav-
ing acute respiratory infection. In subgroup analysis, they
found a protective effect in daily or weekly supplementa-
tion but not in bolus doses. There was a strong pro-
tective effect in those with 25(OH)D levels <10 ng/
mL and there was no significant effect in those with
serum 25(OH)D > 10 ng/mL. There was an inverse re-
lationship between serum vitamin D levels and risk of
acute respiratory tract infection [10]. It means vitamin
D levels deficiency may contribute to increased risk
of respiratory infection including COVID-19 [19].

Previous report have speculated that people with low
serum vitamin D might be at higher risk of infection with
COVID-19 or will be worsened when being infected [20].
There was an overlap between groups at high risk of vita-
min D deficiency and groups at high risk of severe
COVID-19. Examples include people with chronic disease
and the elderly. Our studies showed that some of the
COVID-19 cases were elderly and had a chronic disease.

In Table 3, we analyzed all the variables with the Fish-
er’s exact test to find out whether vitamin D is related to
demographics and laboratory examinations data. From
the results of the analysis, we found that all the variables
in Table 3 did not cause significant effects in the occur-
rence of low vitamin D levels in COVID-19 patients.
This result can occur because of the small amount of
the data. A previous study in Turkey found that vitamin
D deficiency was associated with gender and age. In that
study, they found as many as 83.8% of women and 18.2%
of men have vitamin D deficiency (< 10 ng/mL). Vitamin
D insufficiency (10-30 ng/mL) was found in 69.6% of
women and 30.4% of men. The main cause of vitamin D
deficiency can be associated with a lack of sun exposure
[21]. Most studies have found a higher prevalence of
vitamin D deficiency among older people [21], perhaps
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due to the lower skin capacity in older people to pro-
duce vitamin D after sun exposure or lack of vitamin D
intake in elderly [22], although some studies reported a
higher prevalence of vitamin D deficiency in young
people [23].

Vitamin D deficiency has been found to contribute to
acute respiratory distress syndrome, a major cause of
death associated with COVID-19 [24]. Vitamin D plays a
role in strengthening the body’s immunity by inducing
monocyte differentiation and inhibiting lymphocyte pro-
liferation [25]. A recent randomized meta-analysis of
controlled trials concluded that there was a decrease in
the total mortality rate in the use of vitamin D supple-
ments [26].

The seasonality of many viral infections, one of them is a
respiratory viral infection, is associated with a low concen-
tration of 25(OH)D; thus, UVB doses are low because of
winters in temperate climates and rainy seasons related in
tropical climates [27]. Our study showed that all patients
had the deficient and insufficient status of vitamin D. The
surprising fact is that although Indonesia is a tropical coun-
try and located in a geographic region which is very rich of
sunlight, it can be seen with low vitamin D levels, and the
sun cannot be used sufficiently.

Vitamin D has possible beneficial effects on the im-
mune system, especially in COVID-19 patient. For
example, vitamin D will increase the production of vari-
ous peptides by the innate immune system, which has
anti-viral, anti-fungal, and anti-microbial activity (e.g.,
cathelicidin and defensins) [28]. Vitamin D has been
proven to not only reduce the production of proinflam-
matory Thl cytokines but also to increase the expression
of anti-inflammatory cytokines by macrophages. This
may be worth bearing in mind that the proinflammatory
cytokine environment was observed in patients infected
with COVID-19 and how the “cytokine storm” leads to
acute respiratory distress syndrome [29].

There are many health benefits of vitamin D as
reviewed in a number of reviews. The major cause of
vitamin D deficiency globally is an underappreciation of
sunlight’s role in providing humans with their vitamin
D3 requirement. It is estimated that exposure to UV B
rays for 1 minimal erythemal dose (MED) is equivalent
to ingesting between 10,000 and 25,000 IU of vitamin D.
The associations regarding increased risk of developing
deadly cancer, infectious diseases, autoimmune disease,
cardiovascular disease with living at higher latitudes, and
being prone to vitamin D deficiency should remind all
health care professionals of the importance of vitamin D
for overall health and well-being [30].

A randomized controlled trial investigated monthly sup-
plementation with 100,000 IU vitamin Dj3; there is no risk
of kidney stones or did not affect the incidence of hyper-
calcemia [31]. We also found a case report in USA about
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the adverse effect s in high-dose supplementation of vita-
min D. From the case report, there was a significant
manufacture and labeling error, patients had been con-
suming more than 1000 times the recommended daily
dose of vitamin D;. But vitamin D intoxication can be
managed effectively and usually does not appear to cause
long-term sequelae. Hypercalcemia resolves months
before normalization of serum 25(OH)D levels [32].

We did find several studies that were registered but
have not yet been reported. One trial was tested whether
a single oral dose of 25,000IU (625 pg) of vitamin D
would improve mortality in patients who were infected
with SARS-CoV-2 but did not have severe symptoms,
compared to the usual care [33]. Another randomized
controlled trial (RCT) compared single doses of vitamin
D3, 50,000 IU to 200,000 IU (1250 vs. 5000 pg) in people
with COVID-19 pneumonia who are over 75 years old,
or over 70years old, with low oxygen saturations; the
primary outcome measure is mortality at 14 days [34].

Review and meta-analysis of RCTs showed vitamin D
supplementation had a greater protective effects of vita-
min D supplementation taken over daily or weekly to
people with the lowest vitamin D levels: the risk of hav-
ing at least one ARI was reduced from 60 to 32%. Tak-
ing vitamin D supplements was found to be safe [35].

We found a current trial of vitamin D in COVID-19
that has reported results. A recent study conducted
using a parallel pilot randomized open label, double-
masked clinical trial described the treatment outcomes
of 50 patients treated with calcifediol and 26 patients
who were not treated with calcifediol. From the 50
people who were given calcifediol (patients in the calci-
fediol treatment group continued with oral calcifediol
0.266 mg on day 3 and 7, and then weekly until dis-
charge or ICU admission), it was found that one patient
required admission to the ICU (2%), whereas of the 26
patients who were not treated with calcifediol, and 13
patients were treated with calcifediol (50%), Fisher’s
exact test p value <0.001. The end result of the treat-
ment of patients treated with calcifediol, none died, and
all were discharged without complications. Meanwhile,
13 patients who were not treated with calcifediol, who
were not admitted to the ICU, were discharged. Of the
13 patients admitted to the ICU, two died and the
remaining 11 were discharged. Univariate estimated
chance ratio for ICU in patients on calcifediol treatment
versus without calcifediol treatment was 0.02 (95% CI
0.002-0.17). Multivariate estimated chance ratio for ICU
in patients on calcifediol treatment vs. without calcife-
diol treatment ICU (adjusted for hypertension and
T2DM) was 0.03 (95% CI 0.003-0.25) [36].

A recent pilot study has shown that there is a signifi-
cant effect on administering high doses of calcifediol or
25-hydroxyvitamin D in terms of reducing the need for
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ICU care in patients requiring hospitalization due to
COVID-19. But to show a definite answer postulating
that the endocrine system of vitamin D well modulates
the host response to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), larger trials with appropri-
ate cohorts need to be conducted [36].

We would need evidence from well-masked random-
ized controlled trials (RCTs) to determine if there are ef-
fects of vitamin D3 supplements for treating or
preventing COVID-19 infection. But actually, it is diffi-
cult to conduct vitamin D RCTs since there are many
sources of vitamin D [37].

The evidence from observational studies is sufficient
to recommend vitamin D supplementation now, since in
addition to the observational study evidence. There are
many health benefits of vitamin D and very few adverse
effects, even at a high dose [30-32]. Therefore, taking
vitamin D would very likely reduce risk of COVID-19
and would have other health benefits.

People at risk of vitamin D deficiency should in any case
take supplements in line with current guidance. In our
case series, we treated all our patients with 2000 IU oral
supplementation. As clinicians, we should continue to
treat people with vitamin D deficiency but not because of
any possible association with a respiratory infection.

Conclusions

The prevalence of vitamin D deficiency in this study was
90% and only 1 patient (10%) had vitamin D insuffi-
ciency. There are many health benefits of vitamin D and
very few adverse effects. A hypothetical review showed
that vitamin D supplementation may be beneficial for
COVID-19. Another randomized controlled trials need
to determine and evaluate this recommendation in pre-
venting or treating COVID-19. Clinicians should con-
tinue to treat people with vitamin D deficiency especially
in managing COVID-19 patients.
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RCT: Randomized controlled trial

Acknowledgements
Not applicable

Authors’ contributions

RTP, A, and AWP designed the study. RTP retrieved the data. A and AWP
analyzed the data descriptively. RTP, A, and AWP wrote the manuscript. All
authors approved the final version of the manuscript.

Funding
There was no funding that supports this paper.

Availability of data and materials
Study's data can be accessed from RTP after permission and approval from
the Bethesda Hospital Yogyakarta, Indonesia.



Pinzon et al. Tropical Medicine and Health (2020) 48:102

Ethics approval and consent to participate

Ethical clearance certificate was obtained from Bethesda Hospital Yogyakarta;
ethical clearance certificate number 18 (EC/18/2020). Authorization from
Bethesda Hospital was obtained to conduct this study. All patients’ privacy
and confidentiality were strictly observed throughout the study.

Consent for publication
The manuscript does not contain any identifying individual personal data in
any form.

Competing interests
All authors declare no conflict of interest.

Received: 9 May 2020 Accepted: 28 October 2020
Published online: 20 December 2020

References

1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu
R, et al. A novel coronavirus from patients with pneumonia in China, 2019.
N Engl J Med. 2020. https;//doi.org/10.1056/NEJM0a2001017.

2. Zhong NS, Zheng BJ, Li YM, Poon LL, Xie ZH, Chan KH, et al. Epidemiology
and cause of severe acute respiratory syndrome (SARS) in Guangdong.
Lancet. 2003;362:1353-8. https://doi.org/10.1016/50140-6736(03)14630-2.

3. Assiri A, McGeer A, Perl TM, Price CS, Al Rabeeah AA, Cummings DA, et al.
Hospital outbreak of Middle East respiratory syndrome coronavirus. N Engl J
Med. 2013;369:407-16. https://doi.org/10.1056/NEJMoa1306742.

4. Indonesian Task Force for COVID 19. The current situation of COVID 19 in
Indonesia. https://COVID19.go.id/peta-sebaran. Accessed 16 June 2020.

5. Setiati S. Vitamin D status among Indonesian elderly women living in
institutionalized care units. Acta Med Indones. 2008;40(2):78-83 https://
pubmed.ncbi.nim.nih.gov/19054885/.

6. Raharusun, Prabowo, Priambada, Sadiah, Budiarti, Cahni, et al. Patterns of
COVID-19 mortality and vitamin D: an Indonesian study. 2020. https://ssr.
com/abstract=3585561.

7. Greiller CL, Martineau AR. Modulation of the immune response to
respiratory viruses by vitamin D. Nutrients. 2015;7:4240-70. https://doi.org/
10.3390/nu7064240.

8. Zdrenghea MT, Makrinioti H, Bagacean C, Bush A, Johnston SL, Stanciu LA.
Vitamin D modulation of innate immune responses to respiratory viral
infections. Rev Med Virol. 2017;27 https://doi.org/10.1002/rmv.1909.

9. Arboleda JF, Fernandez GJ, Urcuqui-Inchima S. Vitamin D-mediated
attenuation of miR-155 in human macrophages infected with den- gue
virus: Implications for the cytokine response. Infect Genet Evol. 2019,69:12—
21 https//doi.org/10.1016/j.meegid.2018.12.033.

10.  Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D supplementation to
prevent acute respiratory tract infections: systematic review and meta-

analysis of individual participant data. BMJ. 2017;356:16583 https://doi.org/10.

1002/rmv.1909.

11. Moreau E. Durand C, Villard C, Meunier V, Berthoux A, Richard M, et al.
Development of the Vidas® 25 OH Vitamin D total assay. BioMérieux Marcy
I'Etoile France. 2013. https://www.biomerieux.com.cn/sites/subsidiary_uk/
files/vitamin-d-euromedla-2014.pdf.

12. Vasarhelyi B, Satori A, Olajos F, Szabo A, Beko G. Low vitamin D levels
among patients at Semmelweis University: retrospective analysis during a
one-year period. Orv Hetil. 2011;152:1272-7. https://doi.org/10.1556/OH.
2011.29187.

13. Novel CPERE. The epidemiological characteristics of an outbreak of 2019
novel coronavirus diseases (COVID-19) in China. Zhonghua Liu Xing Bing
Xue Za Zhi. 2020;41:145-51. https://doi.org/10.3760/cma.j.issn.0254-6450.
2020.02.003.

14. Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, et al. A new coronavirus
associated with human respiratory disease in China. Nature. 2020; [Preprint].
https://doi.org/10.1038/541586-020-2008-3.

15. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395:497-506. https;//doi.org/10.1016/50140-6736(20)30183-5.

16. Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, et al. A familial cluster of
pneumonia associated with the 2019 novel coronavirus indicating person-
to-person transmission: a study of a family cluster. Lancet. 2020;395:514-23
https://doi.org/10.1016/50140-6736(20)30154-9.

Page 7 of 7

17. Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, Aliano JL,
Bhattoa HP. Evidence that vitamin D supplementation could reduce risk of
influenza and COVID-19 infections and deaths. Nutrients. 2020;12:988.
https://doi.org/10.3390/nu12040988.

18. Lau FH, et al. Vitamin D insufficiency is prevalent in severe COVID-19.
medRxiv. 2020; https://www.medrxiv.org/content/10.1101/2020.04.24.20075
838v1.

19.  McCartney DM, Byrne DG. Optimisation of vitamin D status for enhanced
immune-protection against COVID-19. Ir Med J. 2020;113(4):58 http://imj.ie/
optimisation-of-vitamin-d-status-for-enhanced-immuno-protection-against-
covid-19/.

20. CNARC. ICNARC report on COVID-19 in critical care; 2020. p. 1-9. www.
icnarc.org.

21. Kader S, Comakli H, Tekindal M. A: Evaluation of serum vitamin D levels
according to gender and age at Karapinar City: a follow-up study from
Turkey. Dubai Med J. 2019;2:141-5. https://doi.org/10.1159/000503899.

22. Omdahl JL, Garry PJ, Hunsaker LA, Hunt WC, Goodwin JS. Nutritional status
in a healthy elderly population: vitamin D [PubMed]. Am J Clin Nutr. 1982;
36(6):1225-33. https//doi.org/10.1093/ajcn/36.6.1225.

23. Hovsepian S, Amini M, Aminorroaya A, Amini P, Iraj B. Prevalence of vitamin
D deficiency among adult population of Isfahan City, Iran. J Health Popul
Nutr. 2011;29(2):149-55. https.//doi.org/10.3329/jhpn.v29i2.7857.

24.  Dancer RC, Parekh D, Lax S, D'Souza V, Zheng S, Bassford CR, et al. Vitamin
D deficiency contributes directly to the acute respiratory distress syndrome
(ARDS). Thorax. 2015;70:617-24. https://doi.org/10.1136/thoraxjnl-2014-
206680.

25. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, et al. Toll-like receptor
triggering of a vitamin D-mediated human antimicrobial response. Science.
2006;311:1770-3. https.//doi.org/10.1126/science.1123933.

26. Autier P, Gandini S. Vitamin D supplementation and total mortality: a meta-
analysis of randomized controlled trials. Arch Intern Med. 2007;167:1730-7.
https://doi.org/10.1001/archinte.167.16.1730.

27. Nam HH, Ison MG. Respiratory syncytial virus infection in adults. BMJ. 2019;
366:15021. https://doi.org/10.1136/bm;j.l5021.

28, Herr C, Shaykhiev R, Bals R. The role of cathelicidin and defensins in
pulmonary inflammatory diseases. Expert Opin Biol Ther. 2007;7:1449-61.
https://doi.org/10.1517/14712598.7.9.1449.

29. Sharifi A, Vahedi H, Nedjat S, Rafiei H, Hosseinzadeh-Attar MJ. Efect of
single-dose injection of vitamin D on immune cytokines in ulcerative colitis
patients: a randomized placebo-controlled trial. APMIS. 2019;127:681-7.
https.//doi.org/10.1111/apm.12982.

30. Holick MF, Chen TC, Lu Z, et al. Vitamin D and skin physiology: a D-lightful
story. Bone Miner Res. 2007,22(2):V28-33. https://doi.org/10.1359/jbmr.
07s211.

31, Malihi Z, Lawes CM, Wu Z, et al. Monthly high-dose vitamin D
supplementation does not increase kidney stone risk or serum calcium: results
from a randomized controlled trial. Am J Clin Nutr. 2019;109(6):1578-87.

32, Araki T, Holick MF, Alfonso BD, et al. Vitamin D intoxication with severe
hypercalcemia due to manufacturing and labeling errors of two dietary
supplements made in the United States. J Clin Endocrinol Metab. 2011;
96(12):3603-8. https://doi.org/10.1210/jc.2011-1443.

33, Castillo MJ. Vitamin D on prevention and treatment of COVID-19 (COVID-
19). 2020. Available from: https://clinicaltrials.gov/ct2/show/NCT04334005.

34. Annweiler C. COVID-19 and vitamin D supplementation: a multicenter
randomized controlled trial of high dose versus standard dose vitamin D3
in high-risk COVID-19 patients (CoVitTrial). 2020. https://clinicaltrials.gov/ct2/
show/record/NCT04344041.

35. Martineau AR, Jolliffe DA, Greenberg L, Aloia JF, Bergman P, Dubnov-Raz G, et al.
Vitamin D supplementation to prevent acute respiratory infections: individual
participant data meta-analysis. Health Technol Assess. 2019,23(2):1-44.

36. Castillo ME, Entrenas Costa LM, Vaquero Barrios JM, Alcald Diaz JF, Miranda
JL, Bouillon R, Quesada Gomez JM. Effect of calcifediol treatment and best
available therapy versus best available therapy on intensive care unit
admission and mortality among patients hospitalized for COVID-19: a pilot
randomized clinical study. J Steroid Biochem Mol Biol. 2020,29:10575.

37. Heaney RP. Guidelines for optimizing design and analysis of clinical studies
of nutrient effects. Nutr Rev. 2014;72(1):48-54.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1016/s0140-6736(03)14630-2
https://doi.org/10.1056/NEJMoa1306742
https://covid19.go.id/peta-sebaran
https://pubmed.ncbi.nlm.nih.gov/19054885/
https://pubmed.ncbi.nlm.nih.gov/19054885/
https://ssrn.com/abstract=3585561
https://ssrn.com/abstract=3585561
https://doi.org/10.3390/nu7064240
https://doi.org/10.3390/nu7064240
https://doi.org/10.1002/rmv.1909
https://doi.org/10.1016/j.meegid.2018.12.033
https://doi.org/10.1002/rmv.1909
https://doi.org/10.1002/rmv.1909
https://www.biomerieux.com.cn/sites/subsidiary_uk/files/vitamin-d-euromedla-2014.pdf
https://www.biomerieux.com.cn/sites/subsidiary_uk/files/vitamin-d-euromedla-2014.pdf
https://doi.org/10.1556/OH.2011.29187
https://doi.org/10.1556/OH.2011.29187
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30154-9
https://doi.org/10.3390/nu12040988
https://www.medrxiv.org/content/10.1101/2020.04.24.20075838v1
https://www.medrxiv.org/content/10.1101/2020.04.24.20075838v1
http://imj.ie/optimisation-of-vitamin-d-status-for-enhanced-immuno-protection-against-covid-19/
http://imj.ie/optimisation-of-vitamin-d-status-for-enhanced-immuno-protection-against-covid-19/
http://imj.ie/optimisation-of-vitamin-d-status-for-enhanced-immuno-protection-against-covid-19/
http://www.icnarc.otg
http://www.icnarc.otg
https://doi.org/10.1159/000503899
https://doi.org/10.1093/ajcn/36.6.1225
https://doi.org/10.3329/jhpn.v29i2.7857
https://doi.org/10.1136/thoraxjnl-2014-206680
https://doi.org/10.1136/thoraxjnl-2014-206680
https://doi.org/10.1126/science.1123933
https://doi.org/10.1001/archinte.167.16.1730
https://doi.org/10.1136/bmj.l5021
https://doi.org/10.1517/14712598.7.9.1449
https://doi.org/10.1111/apm.12982
https://doi.org/10.1359/jbmr.07s211
https://doi.org/10.1359/jbmr.07s211
https://doi.org/10.1210/jc.2011-1443
https://clinicaltrials.gov/ct2/show/NCT04334005
https://clinicaltrials.gov/ct2/show/record/NCT04344041
https://clinicaltrials.gov/ct2/show/record/NCT04344041

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methodology
	Research design
	Research subjects
	Laboratory analysis
	Statistical analysis

	Results
	Case presentation

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

