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Purpose: Vitamin D, an essential nutrient and a pleiotropic steroid hormone, has been reported to be associated with the risk and
severity in patients infected with Coronavirus Disease-2019 (COVID-19). The role of vitamin D in predicting clinical outcome
for COVID-19 patients is unknown. Here, we aimed to determine the prognostic value of plasma 25(OH)D level in COVID-19
patients.

Patients and Methods: A total of 158 patients infected with novel COVID-19 Omicron variants in Shanghai were recruited in this
study and were categorized into three groups by the tertile levels of plasma 25(OH)D. Plasma 25(OH)D level was determined along
with routine blood tests related to liver and renal functions in newly diagnosed COVID-19 patients at admission. The nucleic acid
negative conversion time of throat swab samples was evaluated as the primary clinical outcome. The prognostic value of clinical
characteristics and plasma 25(OH)D level was assessed using the Kaplan—Meier plot and Cox proportional hazards regression tests.
Results: Higher level of plasma 25(OH)D level in COVID-19 patients was independently associated with shorter nucleic acid
negative conversion time from COVID-19 infection (multivariate adjusted HR: 0.54, 95%CI: 0.35-0.82, P=0.004, tertile 2 vs 1;
multivariate adjusted HR: 0.60, 95%CI: 0.39-0.90, P=0.014, tertile 3 vs 1).

Conclusion: Plasma 25(OH)D level may serve as an independent prognostic factor in COVID-19 patient. Our findings indicate the
protective roles of vitamin D supplementation in the regiment of patients with COVID-19.

Keywords: SARS-CoV-2, COVID-19, plasma 25(OH)D level, nucleic acid negative conversion time

Introduction

COVID-19 (coronavirus disease-2019) is a novel coronavirus infected pneumonia which is caused by the novel
coronavirus named SARS-COV-2 (severe acute respiratory syndrome coronavirus-2). Transmitted mainly via respiratory
droplets and contact, SARS-COV-2 has caused a global public pandemic with more than 500-million infected cases.
COVID-19 is assigned as a category B infectious disease but publicly controlled as category A infectious disease in
China since December, 2019 to December, 2022." In March 2022, a new surge of coronavirus occurred in Shanghai,
China. Reverse transcription-polymerase chain reaction (RT-PCR) analysis suggested that coronavirus strain in this round
of epidemic was Omicron variant BA.2.> The BA.2 strain is least pathogenic but highly transmissible among all existing
SARS-CoV-2 strains until March 2022.% The virus nucleic acid load usually determined by RT-PCR methods is closely
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associated with the clinical symptoms of COVID-19 patients. Patients with lower viral load showed reduced risk of
transmission. The viral load is also an important indicator for disease progression. In clinic, patients with two consecutive
negative nucleic acid tests (sampling interval should be at least 24 h apart) for COVID-19 virus RNA in respiratory
specimens including sputum or nasopharyngeal swabs are discharged from the hospital.*

Serum or plasma 25(OH)D level has been widely accepted as the indicator of vitamin D nutritional status. Circulating
25(OH)D is the inactive and circulating form of vitamin D.’ It is an essential nutrition and also a precursor of potent
steroid hormones that regulate a broad spectrum of physiological processes.® 25(OH)D is well known for its role in the
regulation of calcium homeostasis and bone mineralization.” Vitamin D deficiency is associated with the increased risks
of infectious and noncommunicable diseases such as upper respiratory infections.” ® Recently, a substantial body of
evidence showed that vitamin D deficient status was associated with increased COVID-19 infection risk and severity.'®
7 However, the majority of the retrospective research determined that the circulating 25(OH)D level from preceding
collected blood samples rather than at the time of diagnosis, which may cause a bias. Several randomized controlled trials
(RCTs) have investigated the therapeutic effects of vitamin D in COVID-19, but inconsistent results were noticed for the
preventive roles of vitamin D on mortality, intensive care requirement and hospital duration stay.'®!'? Thus, the roles of
vitamin D in clinical outcome for COVID-19 patients are still largely illusive. In the current study, using the newly
diagnosed COVID-19 patients, we explored the relationship between plasma 25(OH)D level at the diagnosis and the
nucleic acid conversion time of COVID-19 patients, which may provide deeper insights of the antiviral activities of
vitamin D.

Materials and Methods

Participants Recruitment

From June 1 to July 5 to in 2022, adult novel coronavirus Omicron variant-infected patients (>18 years old) admitted to
Ruijin Hospital were enrolled in our study. Diagnosis of COVID-19 patients following the Diagnosis and Treatment
Protocol for COVID-19 patients (tentative 9th Edition) by the National Health Commission (NHC) of China.* We
excluded patients who met the following criteria: (1) refuse to participate in the study; (2) with nucleic acid test Ct >35
(recognized as nucleic acid negative) after initial hospital admission; (3) with a hospitalization duration time less than 2
days; (4) incomplete laboratory test results; (5) did not provide the sufficient data about the nucleic acid results; (6) had
received any antivirial regimens including Paxlovid (Nirmatrelvir/ritonavir) or VV116. This study was approved by the
Institutional Review Board of Shanghai Ruijin Hospital (Agreement Number: 2022-119), with informed consent was
obtained for individual patients. This study was performed in accordance with the Declaration of Helsinki.

Data Collection

Using the COVID-19 electronic medical record system of Ruijin Hospital, the basic information of patients such as the
body mass index (BMI), age, gender, comorbidities as well as the COVID-19 vaccination status were obtained.
Nasopharyngeal swab specimens of all patients were collected every other day and were tested by real-time quantitative
PCR (RT-qPCR) of the N gene and Orfla/b gene of Omicron coronavirus species. The results were presented as cycle
threshold (Ct) values and patient with a Ct value over 35 in RT-qPCR test of viral RNA were recognized as negative
according to the manufactures’ instructions. The interval of the respiratory tract specimen negative conversion time of
patients was defined as the time from illness onset to the first time of two consecutive nucleic acid negative test of
respiratory tract specimens with an interval of at least 24 h.

Blood Sample Collection and Storage

At the time of admission, a total of 7 mL of the overnight fasting blood samples were collected from novel coronavirus
Omicron variant-infected patients before they received further medical treatments. All peripheral blood samples were
collected using EDTA vacuum tubes and centrifuged at 3000 rpm for 15 min at room temperature to separate the plasma
within two hours to ensure freshness. The serum samples were collected in gel clot activator vacuum tubes in aliquots
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and were stored at —80°C until use. The collection, procession and preservation of samples followed the corresponding
biological safety rules.

Laboratory Analysis

The plasma 25(OH)D levels of COVID-19 patients were measured in batches with a highly sensitive electrochemilumines-
cence method by Roche Elecsys2010 at Ruijin Hospital (Roche Diagnostics, AZ, USA). Routine analysis of blood was
performed on an XN-9000 Automated Hematology System (Sysmex Corporation, Hyogo, Japan) and serum biochemistry
tests related to liver and renal function were performed through an automatic biochemical analyzer (model ci16200, Abbott
Laboratories, IL, USA) using corresponding reagents according to the manufacturer’s instructions.

Statistical Analysis Methods

Categorical variables were displayed as count number and the proportion of groups. The normal distribution of the
continuous blood parameters of the patients was tested using Shapiro—Wilk test, and the non-normal data were
categorized into higher or lower groups based on the median values. The chi-squared tests were used to assess the
proportion difference between the patient groups stratified by plasma 25(OH)D level. The univariate and multivariate
Cox proportional hazard regression models were used to investigate the risk factors associated with the nucleic acid
conversion time of COVID-19 infected patients. Variants included in the multivariate Cox proportional hazard regression
models were selected using the stepwise backward selection based on the Akaike information criterion (AIC) value. The
association between plasma 25(OH)D level and the nucleic acid negative conversion time of COVID-19 infected patients
was also determined by Kaplan—-Meier method in together with the log rank tests. All analyses were performed with
SPSS (v 20.0.0) software and the two-sided P<0.05 was considered statistically significant.

Results
Baseline Characteristics of COVID-19 Patients

Three hundred and fifty-three participants (aged >18 years) were recruited in current study. According to the excluding
criteria, a total of 158 eligible patients — 90 (56.96%) were male and 68 (43.04%) were female — were recruited and
enrolled in current study (Supplementary Figure 1). The age of the subjects was range from 18 to 78 years old with
41.77% >60 years old. Sixty-two (39.24%) patients had not received any COVID-19 vaccination, three (1.90%) had
received a single dose vaccination while 43 (27.22%) had received two doses and 50 (31.65%) had received three doses.

Among the 239 doses of vaccination that patients received, detailed information was available for 186 (77.82%). 55.38%
of the vaccines were Sinopharm BIBP (Beijing Institute of Biological Products Co., Ltd), 33.87% were Sinovac (Sinovac
Life Sciences Co., Ltd), 5.38% were Sinopharm WIBP (Wuhan Institute of Biological Products Co., Ltd), 2.69% were
CanSinoBio (CanSino Biologics Inc) and 2.69% were of Zhifei brand (Anhui Zhifei Longcom Biopharmaceutical)
(Supplementary Table 1). For BMI, 39 (24.68%) patients had normal BMI (range: 18.5-23.9 kg/m?), 33 (20.89%) were
underweight (BMI <18.5 kg/m?), 20 (12.66%) were categorized as overweight (range: 24-27.9 kg/m?), 49 (31.01%) were
categorized as obese (BMI >27.9 kg/m?) and 17 (10.76%) were unknown. The main comorbidities were history of

arterial hypertension (24.05%), followed by diabetes mellitus (13.29%) and coronary artery disease (3.80%). There is no
significant difference in comorbidities distribution among three group of patients (P=0.28) (Table 1). Patients were
treated with clinical routine methods including anti-fever medicine such as Lianhua Qingwen capsule, Ibuprofen and
cough syrup etc. The nasopharyngeal swab specimens were used to detect the COVID-19 viral load each other day. The
mean nucleic acid negative conversion time was 14.76 days (range: 4-30 days).

Associations Between Plasma 25(OH)D Levels and Clinical Characteristics of
COVID-19 Patients

Among 158 patients, the mean plasma 25(OH)D level was 36.70+18.14 ng/mL with a median concentration at 32.71 ng/
mL. Patients were categorized into three groups by the tertile levels of plasma 25(OH)D (tertile 1, 8.75-27.50 ng/mL;
tertile 2, 27.51-40.74 ng/mL; tertile 3, 40.75-161.00 ng/mL). For clinical features, we noticed that patients with higher
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Table | Associations Between Demographic and Clinical Parameters with Plasma Total 25(OH)D
Level in COVID-I9 Patients (N=158)

Variable Plasma Total 25(OH)D Level
Total (N=158) | Tertile | Tertile 2 Tertile 3 P-value*
(N=53, (N=53, (N=52,
8.75-27.50 27.51-40.74 40.75-161.00
ng/mL) ng/mL) ng/mL)
Age at diagnosis, years 0.540
N (%)
<60 92 (58.23) 34 (64.15) 30 (56.60) 28 (53.85)
260 66 (41.77) 19 (35.85) 23 (43.40) 24 (46.15)
Sex N (%) 0.072
Male 90 (56.96) 24 (45.28) 31 (58.49) 35 (67.31)
Female 68 (43.04) 29 (54.72) 22 (41.51) 17 (32.69)
Body mass index N (%) 0.022
<185 33 (20.89) 16 (30.19) 12 (22.64) 5(9.62)
18.5-23.9 39 (24.68) 10 (18.87) 15 (28.30) 14 (26.92)
24-27.9 20 (12.66) 3 (5.66) 6 (11.32) 11 (20.75)
>27.9 49 (31.01) 14 (26.42) 18 (33.96) 17 (32.08)
Not available 17 (10.76) 10 (18.87) 2 (3.77) 5(9.62)
Comorbidities® N (%) 0.278
Yes 75 (47.47) 28 (37.33) 27 (36.00) 20 (26.67)
No 83 (52.53) 25 (30.12) 26 (31.33) 32 (38.55)
COVID-19 vaccination 0.757
dose N (%)
0 62 (39.24) 24 (45.28) 22 (41.51) 16 (30.77)
| 3 (1.90) 1 (1.89) 1 (1.89) 1 (1.92)
2 43 (27.22) 12 (22.64) 16 (30.19) 15 (28.85)
3 50 (31.65) 16 (30.19) 14 (26.42) 20 (38.46)

Notes: *P-value is calculated by c? test. P-values reported in bold are statistically significant (P<0.05). *Comorbidities including
hypertension, diabetes and coronary artery disease.

BMI usually have lower plasma 25(OH)D level (P=0.022; Table 1). No significant association of the plasma 25(OH)D
level with the clinical characteristics including age, sex, comorbidities and the vaccination status was noticed (Table 1).
In further, we also found no significant correlation between vitamin D and the blood parameters of patients (Figure 1).

Associations Between Plasma 25(OH)D Level and the Nucleic Acid Conversion Time
of COVID-19 Patients

The univariate and multivariate Cox regression analyses were performed to identify patients’ characteristics that were
significantly associated with the virus nucleic acid negative conversion time. We found that lower albumin (ALB;
P<0.001) and elevated red blood cell distribution width (RDW; P=0.018), lymphocyte percentage (LYMPH%; P=0.037),
neutrophil count (NEUT#; P<0.001), age more than 60 and underweight or obese (P<0.05) were associated with longer
nucleic acid negative conversion time (Table 2, Table 3 and Supplementary Table 2). The Kaplan—Meier plot suggested
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Figure | Correlations between the plasma 25(OH)D level and blood parameters in COVID-19 patients. **P<0.001, **P<0.01, *P<0.05.

Abbreviations: vitD, plasma 25(OH)D level; WBC#, white blood cell count; RDW, red blood cell distribution width; RBC#, red blood cell count; PLT#, platelet count;
NEUT%, neutrophil percentage; MPV, mean platelet volume; NEUT#, neutrophil count; MONO?%, monocyte percentage; MONO#, monocyte count; MCHC, mean
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; LYMPH%, lymphocyte percentage; MCH, mean corpuscular hemoglobin; HGB, hemoglobin;
LYMPH#, lymphocyte count; HCT, hematocrit; EO#, eosinophil count; EO%, eosinophil percentage; BASO%, basophil percentage; BASO#, basophil count; A/G, albumin-
globulin ratio; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; UREA, urea; CREA, creatinine; DBIL, direct bilirubin;
GGT, y-glutamyl transpeptidase; TBIL, total bilirubin; TP, total protein; TBA, total biliary acid; UA, uric acid; PA, prealbumin; ADA, adenosine deaminase; eGFR, estimated
glomerular filtration rate; CG, cholyglycine.

that COVID-19 patients with a higher plasma 25(OH)D level had a shorter nucleic acid negative conversion time (log
rank test, P=0.019; Figure 2A) compared to patients with lower level. Similar results were obtained in the univariate Cox
analysis. In the multivariate analysis, we found that the plasma 25(OH)D was independently associated with the nucleic
acid negative conversion time of COVID-19 patients (multivariate adjusted HR: 0.54, 95%CI: 0.35-0.82, P=0.004, tertile
2 vs 1; multivariate adjusted HR: 0.60, 95%CI: 0.39-0.90, P=0.014, tertile 3 vs 1; Table 3). Furthermore, the log rank
tests were conducted to explore the associations between plasma 25(OH)D level and nucleic acid negative conversion
time of COVID-19 patients in stratification groups to exclude potential bias caused by sex and age. Significant
association between vitamin D and COVID-19 conversion time was observed both in the male group (P=0.023;
Figure 2B) and the female group (P=0.011; Figure 2C), as well as in patients <60 years old (P=0.020; Figure 2D).
However, no significant association was noticed in patients over 60 years old (Supplementary Figure 2).

Discussion

In the current study, we evaluated the influence of circulating 25(OH)D level and clinical characteristics of COVID-19
infection patients and the time of nucleic acid conversion time in a wave of Omicron infection patients from Shanghai.
We found patients with higher plasma 25(OH)D had relatively shorter virus infection duration, suggesting that plasma 25
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Table 2 Parameters That Significantly Associated with Nucleic Acid
Negative Conversion Time in COVID-19 Patients Suggested by the
Univariate Cox Proportional Hazard Regression Analysis (N=158,

P<0.05)
Variable Duration Time of Virus
Infection to Nucleic Acid
Negative Conversion
HR (95%Cl) P-value
Plasma 25(OH)D level, ng/mL 0.039
Tertile | (8.75-27.50) Reference
Tertile 2 (27.51-40.74) 0.61 (0.41-0.90) 0.013
Tertile 3 (40.75-161.00) 0.67 (0.45-1.01) 0.053
RDW, x10%/L (>12.5 vs <12.5) 1.93 (1.38-2.69) 0.000
RBC#, x10°/L (24.4 vs <4.4) 0.69 (0.50-0.95) 0.023
NEUT% (259.4 vs <59.4) 1.47 (1.07-2.03) 0.018
NEUT#, x10%/L (23.22 vs <3.22) | 1.66 (1.20-2.30) 0.002
LYMPH% (=30.5 vs <30.5) 0.68 (0.50-0.94) 0.020
HGB, g/L (=135 vs <135) 0.72 (0.52-0.99) 0.040
HCT, % (>0.39 vs <0.39) 0.70 (0.51-0.96) 0.025
AIG (21.45 vs <1.45) 0.67 (0.49-0.92) 0.015
ALB, g/L (240 vs <40) 0.56 (0.40-0.77) 0.000
Age, years (<60 vs 260) 1.41 (1.02-1.93) 0.034
BMI, kg/m? 0.001
18.5-23.9 Reference
<18.5 1.94 (1.09-3.45) 0.024
24-27.9 1.58 (0.87-2.86) 0.130
>27.9 3.99 (2.03-7.85) <0.001
Not available 1.70 (0.97-2.97) 0.062

Abbreviations: RDW, red blood cell distribution width; RBC#, red blood cell count;
NEUT?%, neutrophil percentage; NEUT#, neutrophil count; LYMPHZ%, lymphocyte per-
centage; HGB, hemoglobin; HCT, hematocrit; A/G, albumin-globulin ratio; ALB, albu-
min; BMI, body mass index.

(OH)D level may serve as a predictive factor in COVID-19 patient recovery and vitamin D supplement may be
a valuable therapeutic method.

Vitamin D is an essential nutrition and a pleiotropic steroid hormone in human which acts through its transcriptional
nuclear receptor VDR (vitamin D receptor). Lung epithelial cells are potential vitamin D targets, with high expressed
VDR.?° Previous studies have revealed that vitamin D insufficiency led to higher risk and poorer outcomes in patients
2122 and COVID-19.%7° Clinical trials suggested that supple-
mentary of vitamin D could significantly decrease the risk of acute respiratory tract infection and the risks of COVID-19

with acute respiratory tract infection such as influenza,

infection.”*®*?® Using animal models of pandemic HIN1 influenza and SARS-CoV-2 infection, Arora et al found that

vitamin D deficiency enhanced disease severity,”” and vitamin D sufficiency/supplementation reduced the inflammation
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Figure 2 Kaplan—Meier plot for duration time from infection to the nucleic acid negative conversion time and the plasma 25(OH)D level in all COVID-19 patients (A), male
(B), female group (C) and patients with age <60 years old (D).

level post infection with HIN1 influenza or SARS-CoV-2. Similar results were noticed from previous studies. 25(OH)D
played a prophylactic effect on influenza A virus infection by downregulating pro-inflammatory cytokines IL-5 and IFN-
y in mice.”” Furthermore, 1a,25-(OH),D treatments could reduce the inflammation levels in lipopolysaccharide-induced
lung injury model through regulating expression of angiotensin converting enzymes (ACEs, targets of SARS-CoV-2) in
rat lung epithelium.*® A recent systematic review and meta-analysis showed that vitamin D supplementation significantly
reduced ICU admission rate, the need for mechanical ventilation as well as mortality from COVID-19.2! However, most
of the included epidemiological studies in this meta-analysis were non-RCT studies and the sample size of the studies
was relatively small (sample size range from 43 to 508).>! Moreover, the vitamin D intervention dose and duration in
each individual study is also varied, which may contribute to the heterogeneity between the studies.>' Thus, more well-
designed studies with larger sample size are warranted to address whether vitamin D intervention could reduce the
infection duration and severity of the COVID-19 virus infected patients in future.

We also noticed several blood traits were associated with infection duration time in COVID-19 patients. Serum
albumin, which usually reflect patient nutritional status, is important for maintenance of healthy organs. In this study,
decreased albumin levels were associated with longer infection duration time, which is consistent with a previous study
that found decreased albumin level delays the clearance of SARS-CoV-2 RNA.*? Meanwhile, a previous retrospective
cohort study performed by Huang et al reported that hypoalbuminemia has a negative impact on the immune response
and increases short-term mortality in hospitalized patients with acute infectious diseases.>* Red blood cell distribution
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Table 3 Multivariate Cox Proportional Hazard Regression Analysis
of the Associations Between Total 25(OH)D Level and Nucleic Acid

Negative Conversion Time in COVID-19 Patients (N=158)

Variable Duration Influence on the
Disease Time Duration for
Nucleic Acid Negative
Conversion (Ct <35)
HR (95%Cl) P-value
Plasma 25(OH)D level, ng/mL 0.008
Tertile | (8.75-27.5) Reference
Tertile 2 (27.74-40.74) 0.54 (0.35-0.82) 0.004
Tertile 3 (41.07-161) 0.60 (0.39-0.90) 0.014
RDW, x10%/L (>12.5 vs <12.5) 1.56 (1.08-2.25) 0.018
NUET#,x 10%/L (23.22 vs <3.22) | 2.06 (1.39-3.03) <0.001
LYMPH% (=30.5 vs <30.5) 1.54 (1.03-2.31) 0.037
ALB, g/L (240 vs <40) 0.50 (0.35-0.73) <0.001
Age, years (<60 vs 260) 1.46 (1.03-2.07) 0.033
BMI, kg/m? 0.034
18.5-23.9 Reference
<185 1.92 (1.03-3.59) 0.041
24-27.9 1.65 (0.89-3.06) 0.115
>27.9 2.79 (1.31-5.95) 0.008
Not available 1.31 (0.71-2.45) 0.391

Abbreviations: RDW, red blood cell distribution width; NEUT#, neutrophil count;
LYMPH?Z%, lymphocyte percentage; ALB, albumin; BMI, body mass index.

width (RDW), a parameter reflecting the heterogeneity of red blood cell volume, which indicates the variability of
circulating red blood cell size, is a potential clinical indicator to reflect the prognosis of COVID-19 patients.** Here, we
noticed higher RDW was associated with longer infection duration time, which verified the results reported by Foy

et al.>

We noticed that higher neutrophil percentage and lymphocyte cell number in COVID-19 patients were associated
with longer infection duration time, which is consistent with the previous study reported that higher lymphocyte number
is usually correlated with more severe disease status in COVID-19 patients.>® Moreover, Huang et al found that patients
with ICU admission had a higher neutrophil count than patients without ICU admission.”’ These results suggested that
the immune status of COVID-19 patients may influence the infection duration time.

Besides the blood parameters, we also noticed that patients with obesity were associated with prolonged nucleic acid
conversion. We noticed that patients with higher BMI usually have lower plasma 25(OH)D level, which is consistent
with previous analysis.*® Severe obesity (BMI >35) usually promotes respiratory infections and inflammatory lung
diseases, which is an additional risk in the case of COVID-19.*° Clinical epidemiological studies also found that patients
with hypovitaminosis D and overweight were more associated with severe disease and worse inflammatory response and
respiratory parameters.*® These results indicated that the association between vitamin D and nucleic acid conversion may
be influenced by the BMI status. In multivariate Cox regression analysis, we found that lower circulating vitamin D was
associated with longer nucleic acid conversion time with the adjustments of BMI, suggesting vitamin D is an independent
factor for nucleic acid conversion.
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While previous studies mainly focus on the Alpha or Delta strain, our study included patients all infected by the
Omicron variant. In addition, the plasma 25(OH)D level of each patient were tested at the admission time to ensure the
validity of patients’ vitamin D status. Some limitations should be acknowledged. First, the retrospective data represented
a relatively low number of patients from a single hospital center and prospective cohort studies with larger sample size or
RCT studies should be conducted to verify our results. Second, the severity status of most COVID-19 patients was only
asymptomatic to mild patients. Whether vitamin D level was associated with infection duration time in those patients
with higher severity are still unknown. Finally, the biological availability of vitamin D in human body depends on the
genetic background and the vitamin D binding protein level.** Whether the bioavailable 25(OH)D showed stronger
association with the infection duration still needs to be addressed. Moreover, the information of vitamin D supplements
used or vitamin D fortified food intake levels of the recruited patients are missing. These limitations showed be addressed
with more well-designed clinical studies.

Conclusion

This study demonstrated that higher plasma 25(OH)D in COVID-19 patients was associated with shorter infection
duration time, suggesting the antiviral activities of vitamin D. Well-designed randomized controlled trials with larger
sample size are warranted to address whether vitamin D could be used as therapeutic regimens to improve clinical
outcomes of COVID-19 infected patients.
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