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Analysis of vitamin D level
among asymptomatic and critically
ill COVID‑19 patients and its
correlation with inflammatory
markers
Anshul Jain1, Rachna Chaurasia2, Narendra Singh Sengar3, Mayank Singh4*,
Sachin Mahor5 & Sumit Narain4
COVID-19 is characterized by marked variability in clinical severity. Vitamin D had recently been
reviewed as one of the factors that may affect the severity in COVID-19. The objective of current
study is to analyze the vitamin D level in COVID-19 patients and its impact on the disease severity.
After approval from Ethics Committee, M.L.B Medical College the current study was undertaken as
continuous prospective observational study of 6 weeks. Participants were COVID-19 patients of age
group 30–60 years admitted during the study period of 6 weeks. Study included either asymptomatic
COVID-19 patients (Group A) or severely ill patients requiring ICU admission (Group B). Serum
concentration of 25 (OH)D, were measured along with serum IL-6; TNFα and serum ferritin. Standard
statistical analysis was performed to analyze the differences. Current Study enrolled 154 patients,
91 in Group A and 63 patients in Group B. The mean level of vitamin D (in ng/mL) was 27.89 ± 6.21
in Group A and 14.35 ± 5.79 in Group B, the difference was highly significant. The prevalence of
vitamin D deficiency was 32.96% and 96.82% respectively in Group A and Group B. Out of total 154
patients, 90 patients were found to be deficient in vitamin D (Group A: 29; Group B: 61). Serum level
of inflammatory markers was found to be higher in vitamin D deficient COVID-19 patients viz. IL-6
level (in pg/mL) 19.34 ± 6.17 vs 12.18 ± 4.29; Serum ferritin 319.17 ± 38.21 ng/mL vs 186.83 ± 20.18 ng/
mL; TNFα level (in pg/mL) 13.26 ± 5.64 vs 11.87 ± 3.15. The fatality rate was high in vitamin D deficient
(21% vs 3.1%). Vitamin D level is markedly low in severe COVID-19 patients. Inflammatory response is
high in vitamin D deficient COVID-19 patients. This all translates into increased mortality in vitamin D
deficient COVID-19 patients. As per the flexible approach in the current COVID-19 pandemic authors
recommend mass administration of vitamin D supplements to population at risk for COVID-19.
In December 2019, several cases of pneumonia with unknown etiology reported in Wuhan, Hubei Province,
China1,2. The disease spread quickly to other provinces of China and overseas. On 7 January 2020, a novel
coronavirus was identified in the throat swab sample of one such patient and later declared to be the etiologic
virus and was subsequently named as 2019nCoV by World Health Organization (WHO)3. On worsening of the
situation WHO declared the outbreak as the public health emergency of international concern (PHEIC). In
February 2020, WHO provided a nomenclature to the epidemic disease caused by SARS-CoV-2 as coronavirus
disease 2019 (COVID-19)4. As on 12th August 2020 there are more than 20 million cases w
 orldwide5, so for
now it’s almost impossible to contain the disease spread and focus is diverting towards better treatment and
prevention of factors that enhance the severity of COVID-19. COVID-19 is characterized by its high infectivity and marked variability in clinical severity, of which 40–45% patients remain asymptomatic and 30–40%
develop only mild symptoms. Only fewer than 15% of cases develop severe d
 isease6. Diabetes and hypertension
are commonest co morbidities associated with severe disease7. Until recently researchers focus towards more
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deep survey of the modifiable factors which enhance/reduce the severity of COVID-19. Authors after reviewing
the literature available postulated the hypothesis that vitamin D level plays significant role in determining the
severity of COVID-19.
Vitamin D known to play key role in the maintenance of bone health and calcium–phosphorus metabolism,
yet many other functions of this vitamin have been recently postulated, such as modulation of the immune
response in both infectious and autoimmune diseases8,9. Vitamin D includes fat soluble secosteroids that are
responsible for a wide spectrum of immunomodulatory, anti-inflammatory antifibrotic, and anti-oxidant actions.
In humans vitamin D
 3 (cholecalciferol) and vitamin D
 2 (ergocalceferol) are the most abundant subtype of vitamin D. Liver converts vitamin D
 3 in to calcifediol (25-hydroxycholecalciferol); and D
 2 subtype is converted into
25-hydroxyergocalciferol. 25-hydroxyvitamin D or 25(OH)D) the principal metabolite of these two vitamin D
can be measured in serum to know the vitamin D status of the individual10,11. Calcitriol (1,25-(OH)2D), is the
active form of vitamin D which is generated by 1α hydroxylase enzyme present in k idney12. Calcitriol circulates
as a hormone in the blood, playing major role in calcium and phosphate homeostasis and encourages the healthy
remodeling of the bone. Beside this calcitriol, has definite role in cellular growth, neuromuscular functions and
plays an important role in immune functions, in particular with anti-inflammatory action. It inhibits the expression of inflammatory cytokine [e.g., IL-1α, IL-1β, tumor necrosis factor-α] and its insufficiency was associated
with over- expression of Th1 cytokines8,13.
To confirm the hypothesis authors performed the present observational study in which authors measured the
vitamin D levels of all COVID-19 patients who had been advised admission in COVID-ICU and simultaneously
in COVID -19 patients who were asymptomatic. The interleukin 6 (IL-6), tumor necrosis factor α (TNFα) and
ferritin concentration was also measured in all patients and correlated with serum 25(OH) D concentration.

Material and methods

Study design and subjects. The current study was undertaken as continuous prospective observational
study of 6-week duration. All experimental protocols were approved by Ethics Committee M.L.B Medical College. An informed and written consent was obtained either from the participants himself or their first degree
relative. Participants were COVID-19 patients of age group 30–60 years who were admitted in tertiary COVID19 care center during the study span of 6 weeks. First participant was recruited on 5th June. Only two subtypes
of COVID-19 patients were included in study.
Group A. RT-PCR confirmed COVID-19 patients who were asymptomatic at the time of admission and
remained asymptomatic till discharge on 12th Day.
Group B. RT-PCR confirmed COVID-19 patients requiring ICU admission due to severe COVID disease.
Sample size. Authors included all eligible subjects admitted to dedicated COVID-19 management center during study span of 6 weeks started from 5th June 2020 and all eligible subjects were followed till the closure of case
i.e. either discharge or mortality.
Exclusion criteria. Pregnancy; chronic obstructive airway disease; chronic renal disease patients on dialysis,
patients on chemotherapy were excluded from the study.
Institute adopts following criteria for ICU admission of COVID-19 patients:
a. Clinical signs of pneumonia (fever, cough, breathlessness) plus one of the following: respiratory rate > 30
breaths/min; severe respiratory distress; or S pO2 < 90% on room air.
b. Signs of multi-organ involvement: altered sensorium, decreased urine output, heart Rate > 120/min, with
cold extremities or low blood pressure (Systolic BP < 90 mm of Hg and/or Diastolic BP < 60 mm of Hg).
c. Laboratory evidence of coagulation abnormalities, thrombocytopenia, acidosis (pH < 7.25), lactate
level > 2 mmol/L, or hyperbilirubinemia.

Intervention and evaluation. All COVID-19 patients who got admitted in the recruitment period of
6 weeks starting from 5th June were evaluated at triage and advised admission to dedicated COVID wards
accordingly. Asymptomatic and mildly symptomatic patients were advised admission in isolation wards. Patients
with moderate and severe COVID-19 were advised admission in high dependency unit. Patients with severe
COVID-19 who fulfilled ICU admission criteria were advised admission in ICU. Asymptomatic patients were
allotted to Group A and given serial number series A1, A2, A3 and so on where as ICU patients were allotted to
Group B and given number B1, B2, B3 and so on.
After informed and written consent Serum 25 (OH)D estimation was performed along with other routine
blood test that includes complete blood count; liver function test; renal function test and estimation of Serum
IL-6; TNFα and ferritin level. On the basis of multiple guidelines serum 25(OH) D level of < 20 ng/mL has been
defined as vitamin D deficiency14. Calculations were also performed adopting 30 ng/ml as the cutoff level of
25(OH) D for defining vitamin D d
 eficiency15. Serum 25 (OH)D concentration was estimated by automated
immunoassays through Architecti1000sr Make 2015 last calibration on 2nd June 2020. All investigations were
carried out in accordance with relevant guidelines and regulations.
Statistical analysis. Quantitative data are expressed as mean ± 2SD. Qualitative variables were expressed
as proportions. Serum 25 (OH)D concentration was expressed as continuous variable. Cumulative prevalence
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Figure 1.  Strobes flow diagram.
of vitamin D deficiency estimated in both the groups using standard formula. Mann–Whitney U test; unpaired
‘t’ test and Chi Square Test was performed for statistical analysis. p-value less than 0.05 was considered statistically significant. SPSS for Windows (version 22; IBM SPSS Inc., Chicago IL) was used for all statistical analyses.

Results

372 COVID-19 patients were admitted in the institute in the study span of six weeks, out of which 202 patients
were enrolled in current study after applying inclusion criteria. On 48 patients were excluded after application
of exclusion criteria providing the final number of 154 patients as shown in Strobes flow diagram (Fig. 1). Out
of 154 patients 91 were asymptomatic (Group A) 63 patients were severely ill and had required ICU admission
(Group B).
The demographic variables are shown in Table 1 and there was statistically significant difference in the mean
age and sex distribution. Among patients admitted in ICU the mean age was higher and sex ration predominated
towards male sex.
The mean concentration (in ng/mL) of 25 (OH)D in Group A was 27.89 ± 6.21where as in Group B the mean
level was 14.35 ± 5.79. (Table 2) When compared statistically the difference was found to be highly significant.
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Parameter

Group A (n = 91)

Group B (n = 63)

‘p’ value

Male: female

53:48

42:21

0.03*

Age (in years) (mean ± 2SD)

42.34 ± 6.41

51.41 ± 9.12

0.01**

Weight (in Kg) (Mean ± 2SD)

67.18 ± 12.34

64.29 ± 11.67

0.09*

Height (in meters) (Mean ± 2SD)

1.12 ± 0.34

1.10 ± 0.41

0.1*

Body Mass Index (Kg/m2) (Mean ± 2SD)

27.23 ± 3.45

26.83 ± 5.81

0.09*

Table 1.  Demographic distribution of subjects. Group A: Asymptomatic COVID-19 patients, Group B:
Critically ill COVID-19 patients. *Un-paired t Test; **Chi Square test.

Parameter

Group A (n = 91)

Group B (n = 63)

p value (group A vs group B)

(A) Comparison of 25 (OH) D level in asymptomatic COVID-19 patients (Group A) and critically ill COVID-19 patients (Group B)
Vitamin D (Serum 25 (OH) D
level) in ng/mL (mean ± 2SD)

27.89 ± 6.21

14.35 ± 5.79

0.0001*

Serum Ferritin in ng/mL
(mean ± 2SD)

198.23 ± 23.16

331.68 ± 36.41

0.0003*

1st Tertile (n = 51, 3.2–9.1 ng/mL)

2nd Tertile (n = 51, 9.2–27.7 ng/
mL)

3rd Tertile (n = 52, 27.8–49.1 ng/
mL)
52

(B) Serum 25 (OH) D level as continuous variable

Group A (n = 91)

12

27

Group B (n = 63)

39

23

1

Serum Ferritin in ng/mL
(mean ± 2SD)

384.22 ± 27.34

231.45 ± 18.14

169.98 ± 17.43

Serum IL-6 in pg/mL
(mean ± 2SD)

21.23 ± 5.18

17.35 ± 3.49

10.39 ± 4.47

Serum TNFα in pg/mL
(mean ± 2SD)

14.26 ± 6.78

12.59 ± 3.91

10.49 ± 5.12

Table 2.  (A) Vitamin D and Serum Ferritin level in Group A and Group B, (B) Relationship of inflammatory
markers with serum 25 (OH) D level as continuous variable). Group A: Asymptomatic COVID-19 patients,
Group B: Critically ill COVID-19 patients. *Mann–Whitney U test.

The prevalence of vitamin D deficiency was 31.86% in Group A. In Group B 96.82% patients were vitamin D
deficient (Fig. 2). On Chi square test the difference in the prevalence of vitamin D among two groups was found
to be highly significant. On adopting the cutoff concentration level of Serum 25 (OH) D as < 30 ng/ml for defining vitamin D deficiency the prevalence of vitamin D deficiency was 43.95% in Group A and 98.41% in Group B.
On categorization of the patients on the basis of vitamin D Deficiency, out of total 154 patients, 90 patients
were found to be deficient in vitamin D among which 61 were critical and 29 were asymptomatic (Table 3). If
we take 10 ng/mL as the guide for severe vitamin D deficiency, 62 patients were found to be severely deficient
in vitamin D among which 52 were critical and 10 were asymptomatic. Two critical patients have normal level
of vitamin D.
The analysis of serum level of inflammatory markers reveals mean IL-6 level (in pg/mL) of 19.34 ± 6.17 in
patients with vitamin D deficiency (serum Serum 25 (OH)D < 20 ng/mL) and 12.18 ± 4.29 in patients with normal
vitamin D level, the difference was found to be statistically significant. Serum ferritin level was also significantly
high in patients with vitamin D deficiency (319.17 ± 38.21 ng/mL vs 186.83 ± 20.18 ng/mL) than in patients
with normal vitamin D. Serum TNFα level (in pg/mL) was also high in vitamin D deficient COVID-19 patients
(13.26 ± 5.64 vs 11.87 ± 3.15) but the difference was not significant (Table 3).
Among both the groups diabetes was the commonest co-morbidity followed by hypertension. On follow
up till closure of case (discharge vs fatality), the fatality rate in Group A was 1.09% (1 patient died) whereas in
Group B was 31.74% (20 patients died). When the fatality was compared on the basis of vitamin D deficiency,
the fatality rate was 21% (19 patients died in 90 patients) among vitamin D deficient and 3.1% (2 patient died in
64) among patients with normal vitamin D level.

Discussion

The clinical manifestations of COVID-19 varies from asymptomatic or paucisymptomatic forms to critical illness
characterized by respiratory failure that warrants mechanical ventilation in an ICU6. Multiple organ dysfunction syndromes (MODS); sepsis and septic shock are other serious COVID-19 manifestation that warrants ICU
admission. As per various studies only 10–15% of cases develop serious disease. Even in same age group without
any cormorbid condition there is wide variation in the clinical severity. As till now there is no definitive treatment
or vaccine is available for SARS-CoV-2., if one can identify some or other modifiable factor whose presence or
absence affects the severity of disease one can definitely reduce the severity of disease. The first such factor that
comes to mind is viral load itself. However, Argyropoulos et al. ruled out any association of initial viral load
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Figure 2.  Prevalence of vitamin D deficiency.

Parameter

Patients with (Serum 25 (OH) D
level) > 20 ng/mL
n = 64
[X]

Patients with (Serum 25 (OH) D
level) < 20 ng/mL
n = 90
[Y]

‘p’ value
[X] vs [Y]

Group A

62

29

NA

Group B

2

61

NA

Serum IL-6 in pg/mL (mean ± 2SD)

12.18 ± 4.29

19.34 ± 6.17

0.03*

Serum TNF α in pg/mL (mean ± 2SD)

11.87 ± 3.15

13.26 ± 5.64

0.06*

Serum ferritin in ng/mL (mean ± 2SD)

186.83 ± 20.18

319.17 ± 38.21

0.0003*

Table 3.  Inflammatory markers in relation to Vitamin D. Group A: Asymptomatic COVID-19 patients; Group
B: Critically ill COVID-19 patients. *Chi-square test. SD Standard deviation.

to the severity or chances of developing acute respiratory distress syndrome in SARS-CoV-2 p
 atients16. There
were media reports which correlates severity of COVID-19 with blood group, however the prospective multiinstitutional study conducted by Latz et al. ruled out any independent association between blood type and peak
inflammatory markers. The study concluded that no specific blood type is associated with the risk of intubation
or mortality in COVID-1917.
Regarding, acute lung injury in COVID-19 the data so far available has indicated than an unrestricted immune
reaction in the host is the main process which leads to so called ’cytokine storm’ the net effect is is extensive tissue damage with dysfunctional c oagulation18,19. Just a month ago, Italian researchers introduced MicroCLOTS
(microvascular COVID-19 lung vessels obstructive thromboinflammatory syndrome) as mechanism for underlying pulmonary injury in COVID-1920. Out of several cytokines like the tumor necrosis factor α (TNF-α), IL-1β,
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IL-8, IL-12 play definite role in the pathogenic cascade of the disease and the most important mediator of this
storm is interleukin 6 (IL-6)19,21. IL-6 can be produced by immune system cells (B lymphocytes, T lymphocytes,
macrophages, dendritic cells, monocytes, mast cells); stromal cells and by many non-lymphocytes cells including
fibroblast and endothelial c ells22. IL-1β and TNFα are the key activators for the secretion of the IL-623.
Vitamin D is usually acknowledged for the maintenance of bone health and calcium–phosphorus metabolism,
many other roles like stimulation of insulin production, effects on myocardial contractility have been recently
discovered. Vitamin D plays an essential role in the immune system. Vitamin D interferes with the majority of
the immune systems cells such as macrophages, B and T lymphocytes, neutrophils and dendritic cells24. The T
and B lymphocytes can form the active metabolite of vitamin D, 1,25(OH)2D3 which inhibits T cell proliferation
and activation. Beside this, vitamin D inhibits the production of pro-inflammatory cytokines and enhance the
production of anti-inflammatory c ytokines25,26. Vitamin D inhibits the adaptive immune system and promotes
the innate immune system which balances the immune response and provides an overall anti-inflammatory
response27.
In Current study authors found that vitamin D deficiency (as suggested by serum 25 (OH)D concentration < 20 ng/mL) is far more prevalent in patients with severe COVID–19 disease requiring ICU admission and
thereby increased chances of mortality. For non-skeletal purpose many researchers had suggested cutoff level
of serum 25 (OH)D to < 30 ng/ml for defining vitamin D d
 eficiency15, on adopting this criterion the prevalence
was almost 100% in critically ill patients (62 out of 63). On the same side the patients with vitamin D deficiency
exhibit higher levels of chemical markers of inflammation. The current study is the first and the most comprehensive study in which both severe and asymptomatic COVID patients were included and vitamin D level
along with inflammatory markers were estimated the so as to correlate the association. In current study authors
preferred of using period-based inclusion of subject over specifying the sample size because of the reason that
COVID-19 is an emerging pandemic with variable level of seropositivity in the society and none of the sample
size formula fits well with satisfactory reduction in the chances of error. Authors adopted 6-week criterion for
inclusion of eligible subjects which is around 10.71% of year (56 weeks). Beside this all the subjects were followed
till the closure that is successful discharge or mortality.
In western countries there is a strong association of vitamin D deficiency with socioeconomic status, which
doesn’t holds true in India, rather few studies have demonstrated lower prevalence of vitamin D deficiency in low
socioeconomic status and correlated this to higher sunlight exposure in lower socioeconomic strata of India28.
Keeping this in view authors excluded accounting of socioeconomic status as independent variable.
Jun Xu, et al. in had demonstrated beneficial effect of vitamin D agonist, calcitriol, on LPS-induced acute
lung injury in rats; they had demonstrated that calcitriol pretreatment significantly improved LPS-induced lung
permeability. Through ELISA analysis they demonstrated that calcitriol modulates the expression of members
of the renin-angiotensin system (RAS), including angiotensin I-converting enzymes (ACE and ACE2), renin
and angiotensin II, to exert the protective effects on LPS-induced lung injury29. Surprisingly, SARS Cov-2 also
uses ACE receptors for infection.
Biesalski, in the review article emphasize the fatal relationship of Vitamin D and comorbidities in COVID19 patients30. E Laird, J Rhodes also conducted a literature search study to conclude that optimising vitamin D
status certainly have benefits in COVID-1931.
The results of current study however be interpreted with few limitations. First, the study has been conducted
in a single centre located in central India, the area has itself high prevalence of vitamin D deficiency. Second: Time
elapsed between actual infection and admission has not been taken in to consideration and the quantitative variables are measured only when patient got admitted in the hospital. This may have impact over chemical markers
of inflammation. Third Current study doesn’t take co morbidities in account while estimating pro-inflammatory
markers as co-morbidities like diabetes and hypertension enhance the severity in COVID-19. So keeping these in
view a multicentre study with large number of subjects can be carried out or a large pooled prospective datasets
can be collected to re-assess the result and will generate more robust conclusions.

Conclusion

Vitamin D deficiency markedly increases the chance of having severe disease after infection with SARS Cov2. The intensity of inflammatory response is also higher in vitamin D deficient COVID-19 patients. This all
translates to increase morbidity and mortality in COVID-19 patients who are deficient in vitamin D. Keeping
the current COVID-19 pandemic in view authors recommend administration of vitamin D supplements to
population at risk for COVID-19.
Received: 21 August 2020; Accepted: 23 October 2020

References

1. Huang, C. et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 395, 497–506. https://
doi.org/10.1016/S0140-6736(20)30183-5 (2020).
2. Chen, N. et al. Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 395(10223), 507–513. https://doi.org/10.1016/S0140-6736(20)30211-7 (2020).
3. WHO Clinical management of severe acute respiratory infection when Novel coronavirus (nCoV) infection is suspected: interim
guidance. (2020). https://www.who.int/internal-publications-detail/clinical-management-of-severe-acute-respiratory-infectionwhen-novel-coronavirus-(ncov)-infection-is-suspected.
4. Notice of the National Health Commission of the People’s Republic of China on revising the English name of novel coronavirus
pneumonia (2020) https://www.nhc.gov.cn/yzygj/s7653p/202002/33393aa53d984ccdb1053a52b6bef810.shtml. Accessed 29 Feb
2020 (in Chinese).

Scientific Reports |
Vol:.(1234567890)

(2020) 10:20191 |

https://doi.org/10.1038/s41598-020-77093-z

6

www.nature.com/scientificreports/
5. WHO Coronavirus Disease (COVID-19) Dashboard Data last updated: 2020/8/12, 3:41pm CEST. https://covid19.who.int/WHOCOVID-19-global-data.csv. Accessed 13 Aug 2020.
6. Wu, Z. & McGoogan, J. M. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak
in China: summary of a report of 72 314 cases from the Chinese center for disease control and prevention. JAMA https://doi.
org/10.1001/jama.2020.2648 (2020).
7. Hill, M. A., Mantzoros, C. & Sowers, J. R. Commentary: COVID-19 in patients with diabetes. Metabolism. 107, 154217. https://
doi.org/10.1016/j.metabol.2020.154217 (2020).
8. Ross, A. C., Taylor, C. L., Yaktine, A. L. et al. (eds) Dietary Reference Intakes for Calcium and Vitamin D. Institute of Medicine (US)
Committee to Review Dietary Reference Intakes for Vitamin D and Calcium (National Academies Press, Washington, DC, 2011).
9. Wacker, M. & Holick, M. F. Vitamin D: effects on skeletal and extraskeletal health and the need for supplementation. Nutrients.
5(1), 111–148. https://doi.org/10.3390/nu5010111 (2013).
10. Holick, M. F. et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline
[published correction appears in [J Clin Endocrinol Metab 2011;96(12):3908]. J. Clin. Endocrinol. Metab. 96(7), 1911–1930. https
://doi.org/10.1210/jc.2011-0385 (2011).
11. Cardoso, M. P. & Pereira, L. A. L. Native vitamin D in pre-dialysis chronic kidney disease. Nefrologia. 39(1), 18–28. https://doi.
org/10.1016/j.nefro.2018.07.004 (2019).
12. Bikle, D. D. Vitamin D metabolism, mechanism of action, and clinical applications. Chem. Biol. 21(3), 319–329. https://doi.
org/10.1016/j.chembiol.2013.12.016 (2014).
13. Hughes, D. A. & Norton, R. Vitamin D and respiratory health. Clin. Exp. Immunol. 158(1), 20–25. https://doi.org/10.111
1/j.1365-2249.2009.04001.x (2009).
14. Aparna, P., Muthathal, S., Nongkynrih, B. & Gupta, S. K. Vitamin D deficiency in India. J. Family Med. Prim. Care. 7(2), 324–330.
https://doi.org/10.4103/jfmpc.jfmpc_78_18 (2018).
15. Thacher, T. D. & Clarke, B. L. Vitamin D insufficiency. Mayo Clin. Proc. 86(1), 50–60. https://doi.org/10.4065/mcp.2010.0567
(2011).
16. Argyropoulos, K. V. et al. Association of initial viral load in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
patients with outcome and symptoms. Am. J. Pathol. https://doi.org/10.1016/j.ajpath.2020.07.001 (2020).
17. Latz, C. A. et al. Blood type and outcomes in patients with COVID-19. Ann. Hematol. 99(9), 2113–2118. https://doi.org/10.1007/
s00277-020-04169-1 (2020).
18. Cascella, M. et al. Features, Evaluation and Treatment Coronavirus (COVID-19) (StatPearls Publishing, Treasure Island, 2020).
19. Nile, S. H. et al. COVID-19: pathogenesis, cytokine storm and therapeutic potential of interferons. Cytokine Growth Factor Rev.
53, 66–70. https://doi.org/10.1016/j.cytogfr.2020.05.002 (2020).
20. Ciceri, F. et al. Microvascular COVID-19 lung vessels obstructive thromboinflammatory syndrome (MicroCLOTS): an atypical
acute respiratory distress syndrome working hypothesis. Crit. Care Resusc. 22(2), 95–97 (2020).
21. Magro, G. SARS-CoV-2 and COVID-19: is interleukin-6 (IL-6) the “culprit lesion” of ARDS onset? What is there besides Tocilizumab?. Cytokine X. 2(2), 100029. https://doi.org/10.1016/j.cytox.2020.100029 (2020).
22. Jones, S. A. & Jenkins, B. J. Recent insights into targeting the IL-6 cytokine family in inflammatory diseases and cancer. Nat. Rev.
Immunol. 18(12), 773–789. https://doi.org/10.1038/s41577-018-0066-7 (2018).
23. Hunter, C. A. & Jones, S. A. IL-6 as a keystone cytokine in health and disease. Nat. Immunol. 16, 448–457 (2015).
24. Prietl, B., Treiber, G., Piber, T. R. & Amrein, K. Vitamin D and immune function. Nutrients. 5, 2502–2521 (2013).
25. Martineau, A. R. Vitamin D supplementation to prevent acute respiratory tract infections: systematic review and meta-analysis
of individual participant data. BMJ 356, 6583–6594 (2017).
26. Gombart, A. F., Pierre, A. & Maggini, S. A review of micronutrients and the immune system-working in harmony to reduce the
risk of infection. Nutrients. 12(1), 236. https://doi.org/10.3390/nu12010236 (2020).
27. Baeke, F., Takiishi, T. & Korf, H. Vitamin D: modulator of the immune system. Curr. Opin. Pharmacol. 10, 482–496 (2010).
28. Kamboj, P., Dwivedi, S. & Toteja, G. S. Prevalence of hypovitaminosis D in India & way forward. Indian J. Med. Res. 148(5),
548–556. https://doi.org/10.4103/ijmr.IJMR_1807_18 (2018).
29. Xu, J. et al. Vitamin D alleviates lipopolysaccharide-induced acute lung injury via regulation of the renin-angiotensin system. Mol.
Med. Rep. 16(5), 7432–7438. https://doi.org/10.3892/mmr.2017.7546 (2017).
30. Biesalski, H. K. Vitamin D deficiency and co-morbidities in COVID-19 patients: a fatal relationship?. Nfs J. 20, 10–21. https://doi.
org/10.1016/j.nfs.2020.06.001 (2020).
31. Laird, E., Rhodes, J. & Kenny, R. A. Vitamin D and inflammation: potential implications for severity of covid-19. Ir. Med. J. 113(5),
81 (2020).

Author contributions

Conception and design of study: A.J.; N.S.S.; R.C.; M.S. Acquisition of data: A.J.; N.S.S.; R.C.; M.S.; S.M. Data
analysis and/or interpretation: A.J.; N.S.S.; R.C.; M.S.; S.N. Drafting of manuscript and/or critical revision: A.J.;
N.S.S.; R.C.; M.S. Approval of final version of manuscript: A.J.; N.S.S.; R.C.; M.S.; S.M.; S.N.

Competing interests

The authors declare no competing interests.

Additional information

Correspondence and requests for materials should be addressed to M.S.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2020) 10:20191 |

https://doi.org/10.1038/s41598-020-77093-z

7
Vol.:(0123456789)

www.nature.com/scientificreports/
Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2020

Scientific Reports |
Vol:.(1234567890)

(2020) 10:20191 |

https://doi.org/10.1038/s41598-020-77093-z

8

