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Introduction: The emergence of SARS COV-2 and Coronavirus Disease 2019 (COVID-19) came 
without any known medication or treatment, thereby raising concerns for drug (therapeutics) research 
and development. Vitamin D is a potent immunomodulator with a proven protective effect against 
respiratory viral infections, and because of this, many studies have been carried out to evaluate the 
effects of vitamin D on COVID-19 infection, however, with varying conclusions.

Objective: To assess serum vitamin D levels and their correlation with IL-6 and other clinical 
characteristics among COVID-19 patients attended to at Mary Begg Health Services (MBHS).

Methods: This cross-sectional study was conducted among COVID-19 patients at MBHS. The 
study included 33 confi rmed severe patients admitted to the intensive care unit, 45 patients with mild 
symptoms, and 45 healthy controls. The Kruskal–Wallis test was used to compare the median serum 
vitamin D levels among the three groups, and Spearman’s correlations were performed to assess the 
correlation between serum vitamin D, IL-6, and clinical characteristics of the patients.

Results: The majority of COVID-19 patients in this study had optimal levels of vitamin D 44/78 
(56.4%), with vitamin D defi ciency being observed in only 6/78 (7.7%). Vitamin D levels in the control 
group were not signifi cantly different when compared to levels measured in severe and mild COVID-19 
patients, median [IQR], 31.33 ng/ml [25.9-39.56] compared to 29.97 ng/ml [26.19-37.45] and 31.9 ng/
ml [26.12-38.34], p = 0.916, respectively. Severe COVID-19 patients admitted to the intensive care unit 
were older and had median higher IL-6 levels (43.67 ± 11.86 years vs. 33.89 ± 13.38 years; p = 0.001 
and 27.56 pg/ml [13.13-47.81] vs. 8.34 pg/ml [5.1-21.63]; p = 0.0003, respectively) than patients with 
mild disease. A signifi cant negative correlation between vitamin D and IL-6 (r = - 0.42; p = 0.016) was 
found in severe COVID-19 patients.

Conclusion: A negative (inverse) correlation between serum vitamin D and IL-6 was found in 
this study. Therefore, patients with severe COVID-19 might benefi t from vitamin D supplementation, 
which would help to downregulate the cytokine storm and hence reduced disease severity.

ABSTRACT

INTRODUCTION
Since December 2019, the numbers of patients with fever, dry cough, normal, 

or decreased white blood cell counts who were initially diagnosed as having “Fever 
of Unknown Origin with pneumonia” had continuously increased in Wuhan [1,2]. 
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The causative agent was rapidly identifi ed as Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS‐CoV‐2), an 
infectious agent with not only strong human‐to‐human 
transmission but also causes severe pneumonia and death 
[3,4]. What started as a pandemic in one city turned out to 
be a global pandemic that has impacted all our lives [5]. This 
emergence of SARS COV-2 and Coronavirus Disease 2019 
(COVID-19) came without any known medication, treatment 
and/or management, thereby raising concerns for drug 
(therapeutics) research and development. While this is the 
case, the role of vitamin D, a known immunomodulator 
with the potential to suppress proinfl ammatory reactions in 
COVID-19 [6-8], has been less investigated in the Zambian 
context.

It is widely accepted that SARS-CoV-2 human 
transmissibility and pathogenesis depend on the interaction 
of the virus and Angiotensin-Converting Enzyme-2 Receptor 
(ACE-2) through viral attachment using the transmembrane 
spike glycoprotein (S-protein) receptor-binding domain 
[9,10]. Once inside the host cell, SARS-CoV-2 is a potent 
inducer of infl ammatory cytokines. The “cytokine storm” or 
“cytokine cascade” is the postulated mechanism for organ 
damage. The virus activates immune cells and induces the 
secretion of infl ammatory cytokines and chemokines into 
pulmonary vascular endothelial cells that are responsible for 
the observed clinical manifestations [11-13].

One of the important molecules involved in this “cytokine 
storm” is interleukin-6 (IL-6), a proinfl ammatory cytokine 
[8,14]. Interestingly, vitamin D, a group of fat-soluble 
vitamins, has been shown to have an inhibitory eff ect on 
IL-6 and other proinfl ammatory cytokines, such as IL-
10 and tumor necrosis factor-α (TNF-α) [15-17]. This is 
achieved by vitamin D blunting the T-helper cell type 1 
(Th1) immune response and favoring T-helper cell type 2 
(Th2) and regulatory T-cell responses [18]. This leads to 
a decrease in proinfl ammatory cytokines and an increase 
in anti-infl ammatory cytokines. By downregulating 
proinfl ammatory cytokines and upregulating anti-
infl ammatory cytokines, vitamin D may be capable of 
preventing severe complications related to COVID-19 and 
other viral illnesses [18,19].

Vitamin D is a potent immunomodulator that has a 
protective eff ect against respiratory viral infections, and 
many studies have been carried out to evaluate the eff ects of 
vitamin D on COVID-19 infection. Some studies have shown 
that people with vitamin D defi ciency have had severe disease 
and/or poorer outcomes [3,15,16,20-22]. Furthermore, 
several studies have demonstrated an association between 
vitamin D and IL-6 [15,20,23,24], but other studies have 
not established such associations [14,25,26]. This shows 
that there are inconsistencies in the literature regarding the 
association between vitamin D, IL-6, and disease severity 
in COVID-19 patients. However, most, if not all, of these 

studies have been conducted in Western countries and 
rarely in African countries. To the best of our knowledge, 
there were no published studies about the concentration of 
vitamin D in COVID-19 patients and its correlation to IL-6 
and other clinical factors in Zambia, an African country, by 
the time of this study. Therefore, the current study aimed at 
assessing serum vitamin D levels and their correlation with 
IL-6 and other clinical characteristics among COVID-19 
patients attended to at Mary Begg Health Services (MBHS). 
IL-6 was studied as a cytokine of interest because it has 
been documented to be a robust marker for predicting 
disease prognosis,  deterioration of clinical profi le and is 
signifi cantly associated with mortality in comparison to 
other proinfl ammatory cytokines [27,28].

MATERIALS AND METHODS
Study design, sample size and sampling 

This was a retrospective cross-sectional study conducted 
at Mary Begg health services, Kansanshi Mine Hospital, 
Solwezi, in the northwestern part of Zambia between May 
4th and December 21, 2021. The sample size and sampling of 
participants were done conveniently based on the number 
of patients that had mild and severe COVID-19 during the 
study period and had complete laboratory, clinical and 
demographic information. 

De inition of mild and severe COVID-19

In this study, mild and severe COVID-19 diseases were 
defi ned based on the World Health Organisation (WHO) 
clinical spectrum of SARS-CoV-2 infection [29,30] as;

  Mild COVID-19 patients: those individuals who 
presented with any of the various signs and symptoms 
of COVID-19 such as fever, cough, sore throat, 
malaise, headache, muscle pain, nausea, vomiting, 
diarrhea, loss of taste and smell but who did not have 
shortness of breath, dyspnea, or abnormal chest 
imaging. These were not admitted to the hospital.

  Severe COVID-19 patients: these were individuals 
with confi rmed COVID-19 and had oxygen saturation 
(SpO2) < 90% on room air, signs of pneumonia 
and signs of severe respiratory distress (in adults, 
accessory muscle use, inability to complete full 
sentences, respiratory rate > 30 breaths/minute). 
These were admitted to the intensive care unit (ICU) 
and received oxygen therapy. 

Participants (patients) and blood sampling

Vitamin D, IL-6 concentration, lymphocyte, and 
monocyte counts were determined in blood samples of 78 
confi rmed COVID-19. Of these patients, 33 were admitted 
to the intensive care unit on oxygen. SARS-CoV-2 infection 
was confi rmed using Real-Time Polymerase Chain Reaction 
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(RT-PCR). Both male and female patients over the age of 
18 were included in the study. Lymphocyte and monocyte 
counts were obtained retrospectively from the Complete 
Blood Count (CBC) results stored electronically, which were 
performed as part of routine tests on patient presentation to 
the hospital during their COVID-19 clinical scrutiny. During 
the same period, serum samples were collected and archived 
as frozen samples at -20°C pending measurement for serum 
vitamin D and IL-6 concentrations.

A control group composed of 45 healthy participants 
matched for age and sex with the severe COVID-19 group. All 
patients had normal lymphocyte counts, monocyte counts, 
kidney function tests, liver function tests and CRP levels 
of less than 10 mg/L. The control group had no history of 
COVID-19 infection in the previous 1 year, as confi rmed by 
the electronic records and upon RT-PCR. All the participants 
were of the same race, lived in the same geographic location, 
were non-obese and had no chronic illness. Further, all 
the names of the participants in this group were checked 
against the registers for those who received vitamin D 
and C supplements and those who were found on the list 
were not included. Additionally, for the control group, the 
specimens were collected during the day to avoid reduced 
concentrations observed during the nighttime [31].

Con irmation of SARS-CoV-2 infection

All patients were diagnosed and confi rmed to be positive 
for COVID-19 (SARS-CoV-2 infection) by Real-Time 
Polymerase Chain Reaction (RT-PCR). Nasopharyngeal 
swabs were taken, and RT-PCR analysis was performed. A 
COVID-19 (SARS-CoV-2) nucleic acid test kit (eDiagnosis®, 
Wuhan EasyDiagnosis Biomedicine Co., Ltd, China) was used 
to obtain cDNA and amplify the nucleocapsid protein (N) and 
open reading frame 1 ab (ORF1ab) genes with the RNaseP 
gene as an internal control according to the manufacturer’s 
instructions.

Measurement of vitamin D (25-Hydroxyvitamin D)

Vitamin D levels were measured in archived serum 
samples using a commercially available Elecsys Vitamin 
D total II assay on a Cobas e411 immunoanalyzer (Roche 
Diagnostics, Germany) according to the manufacturer’s 
instructions. The measuring range was 3-100 ng/ml. Vitamin 
D defi ciency was defi ned as 25-hydroxyvitamin D of < 20 
ng/mL, vitamin D insuffi  ciency as a concentration between 
20-29.9 ng/mL, and optimal level as 25-hydroxyvitamin D 
≥ 30 ng/mL [32].

Measurement of interleukin (IL)-6

Serum collected using standard sampling tubes was used 
to measure IL-6 using the commercially available Elecsys 
IL-6 immunoassay on a Cobas e411 immunoanalyzer (Roche 
Diagnostics, Germany) according to the manufacturer’s 
protocol. The measuring range was 1.5-5000 pg/ml with a 
normal reference range up to 7 pg/mL (95th percentile).

Statistical analysis

All statistical analyses were performed using Statistical 
Package for Social Sciences (SPSS) for Windows (version 
21.0) and GraphPad Prism 7 (version 7.0, for Windows). 
Data distribution was assessed using the Shapiro–Wilk 
test. Vitamin D, IL-6, lymphocyte count, monocyte count, 
and duration of admission were not normally distributed. 
To compare the median vitamin D levels among the control 
group, severe COVID-19 patients and mild COVID-19 patients, 
the Kruskal–Wallis test was performed. To compare the 
median vitamin D, IL-6, lymphocyte counts, and monocyte 
counts between COVID-19 patients admitted to the ICU and 
those with mild symptoms, the Mann–Whitney U test was 
performed, and unpaired Student’s t test was performed for 
data that were normally distributed. Categorical variables 
were compared using the chi-square test. Correlations 
were assessed using Spearman’s correlations. Data are 
presented as the mean ± standard deviation, median [IQR], 
or frequency and percentages. All statistical tests were two-
tailed at a signifi cance level of p ≤ 0.05.

Ethics considerations

This study was approved by the Tropical Disease 
Research Centre (TDRC) Ethics Review Committee, IRB 
registration number 00002911, study protocol TRC/
C4/02/2022. Clearance to conduct the study was given by the 
National Health Research Authority, Zambia with reference 
number: NHRA000004/14/02/2022. Permission to use the 
data retrospectively from electronic records was granted by 
hospital management. Clients’ details were deidentifi ed by 
allocating study IDs and were not to be presented as raw data 
during data presentation in any form. 

RESULTS
Clinical characteristics of participants

Overall, 78 COVID-19 patients and 45 healthy controls 
were involved in this study. The mean age of the patients was 
38.15 years (SD = 13.37), with the majority being males, 57/78 
(73.1%). There was no signifi cant diff erence in the mean 
age between the COVID-19 patients and the control group 
(p = 0.139). Lymphopenia was observed in 38/78 (48.7%) 
of the patients, with 16/78 (20.5%) having monocytosis. 
The majority of the patients had optimal levels of vitamin 
D 44/78 (56.4%), with vitamin D defi ciency being observed 
only in 6/78 (7.7%) patients, and a similar picture was seen 
in the control group (p = 0.526). Slightly less than half of the 
patients were admitted to the ICU, 33/77 (42.3%) (Table 1).

 Vitamin D levels in the healthy, non-COVID-19 control 
group were not signifi cantly diff erent when compared to 
levels measured in severe and mild COVID-19 patients, 
median [IQR], 31.33 ng/ml [25.9-39.56] compared to 29.97 
ng/ml [26.19-37.45] and 31.9 ng/ml [26.12-38.34], p = 0.916 
(Figure 1). 
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Table 1: Demographics and clinical characteristics of COVID-19 patients at MBHS Kansanshi mine hospital.

Variable COVID-19 patients
(n = 78)

Control Group
(n = 45) p value

Age (mean ± SD) 38.15 ± 13.37 34.15 ± 10.7 0.139*

Sex                                Male n (%)
                                      Female n (%)

57 (73.1)
21 (26.9)

24 (53.3)
21 (46.7) 0.03**

Lymphocyte Status     Normal n (%)
                                      Lymphopenia (< 1000 cells/μl) n (%)

40 (51.3)
38 (48.7)

45 (100.0)
- -

Monocyte Count          Normal n (%)
                                      Monocytopenia (< 200 cells/μl)
                                      Monocytosis (> 800 cells/μl)

59 (75.6)
3 (3.8)

16 (20.5)

45 (100.0)
-
-

-

Vitamin D Status        Optimal (≥ 30 ng/ml) n (%)
                                      Insuffi  cient (20-29.9 ng/ml) n (%)
                                      Defi cient (< 20 ng/ml) n (%)

44 (56.4)
28 (35.9)

6 (7.7)

28 (62.2)
12 (26.7)
5 (11.1) 0.526**

Admission to ICU       Yes
                                      No

33 (42.3)
45 (57.7)

-
- -

SD: Standard Deviation; ICU: Intensive Care Unit. *Student’s t test; **Fisher’s exact test
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Figure 1 Comparison of vitamin D across the three categories of participants.
Comparison of vitamin D levels among the healthy controls, severe COVID-19 
patients and mild COVID-19 patients.

Distribution of clinical characteristics of COVID-19 
patients based on disease severity

A comparison of clinical characteristics between severely 
symptomatic COVID-19 patients admitted to the Intensive 
Care Unit (ICU) and those with mild symptoms without 
admission revealed that those who were admitted to the ICU 
were statistically signifi cantly older and had signifi cantly 
higher median IL-6 levels (3-fold higher) (43.67 ± 11.86 
years vs. 33.89 ± 13.38 years; p = 0.001 and 27.56 pg/ml [13.13-
47.81] vs. 8.34 pg/ml [5.1-21.63]; p = 0.0003, respectively). 
The admitted COVID-19 patients had a slightly lower median 
vitamin D level than those not admitted, but this diff erence 
was not statistically signifi cant (29.97 ng/ml [17.07-37.45] 
vs. 31.90 [16.20-38.34]; p = 0.678). Most of the patients 
who were not admitted had lymphopenia, but there was 
no signifi cant diff erence in comparison to those admitted 
(55.6% vs. 39.4%; p = 0.158). Furthermore, there was no 

signifi cant diff erence in the median absolute lymphocyte 
and monocyte counts between the patients admitted to the 
ICU and those not admitted (Table 2).

Spearman’s correlation analysis of vitamin D in relation 
to lymphocyte count, monocyte count, IL-6 concentration, 
duration of admission and age of patients with severe 
COVID-19 revealed a negative correlation between vitamin 
D levels and lymphocyte count, but the relationship was 
not statistically signifi cant (r = - 0.03, p = 0.886) (Figure 
2a). A statistically non-signifi cant positive correlation was 
observed between vitamin D and monocyte count (r = 0.32, p 
= 0.067) (Figure 2b) while a statistically signifi cant negative 
correlation between vitamin D and IL-6 was observed (r = - 
0.42, p = 0.016) (Figure 2c). The duration of admission  and 
age  did not show any signifi cant correlation with vitamin 
D (r = 0.28, p = 0.120;  and r = 0.14, p = 0.452; respectively) 
(Figures 2 d,e).

Lymphocyte and monocyte counts of the patients with 
mild COVID-19 were found to be positively correlated with 
vitamin D, although the correlation was not statistically 
signifi cant (r = 0.09, p = 0.576; and r = 0.13, p = 0.392;  
respectively) (Figures 3 a,b). Vitamin D was found to be 
negatively correlated with IL-6 in COVID-19 patients with 
mild symptoms (Figure 3c), but this relationship was not 
statistically signifi cant (r = - 0.27, p = 0.070). There was no 
statistically signifi cant correlation between vitamin D and 
the age of patients (r = 0.23, p = 0.133) (Figure 3d).

DISCUSSION
The clinical presentation of patients with SARS-

CoV-2 infection has varied, from asymptomatic or 
mildly symptomatic to moderate and severe COVID-19, 
characterized by Acute Respiratory Distress Syndrome 
(ARDS) and death [20,21,33,34]. Several studies have been 
published regarding the potential role of vitamin D in 
COVID-19 infection with varying conclusions in Western 
countries [6,20,25,35-39]. Therefore, this study aimed to 
assess vitamin D levels among severe COVID-19 patients 



339Chileshe M, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1445

Table 2: Clinical characteristics of severely symptomatic COVID-19 patients and mildly symptomatic patients.

Whole cohort
(n = 78)

Severe COVID-19
(n = 33)

Mild COVID-19
(n = 45) p value

Age, Years mean (SD) 38.15 ± 13.37 43.67 (11.86) 33.89 (13.38) 0.001a

Male n (%) 57 (73.1%) 25 (75.8%) 32 (71.1%) 0.648b

Lymphopenia (<1000 cells/μl) n (%) 38 (48.7%) 13 (39.4%) 25 (55.6%) 0.158b

Monocytosis (> 800 cells/μl) n (%) 16 (20.5%) 8 (24.2%) 8 (17.8%) 0.759b

25-OHD ng/ml median [IQR] 31.44 [26.15-37.84]  29.97 [26.19-37.45] 31.90 [26.12-38.34] 0.678c

Vitamin D insuffi  ciency (25-OHD 20-29.9 ng/ml) 
N (%) 28 (35.9%) 15 (45.5%) 13 (28.9%) 0.318b

 IL-6 pg/ml median [IQR] 17.07 [6.27-32.03] 2 7.56 [13.13-47.81] 8.34 [5.1-21.63] 0.0003c

Lymphocyte count, X 103/μl median [IQR] 1.02 [0.69-1.52] 1.04 [0.83-1.53] 0.82 [0.64-1.56] 0.271c

Monocyte count, X 103/μl median [IQR] 0.53 [0.36-0.79] 0.56 [0.31-0.84] 0.52 [0.38-0.76] 0.660c

SD: Standard Deviation; IQR = Interquartile Range; ICU: Intensive Care Unit, 25-OHD: 25-hydroxyvitamin D, IL-6: Interleukin 6. 
a = unpaired Student’s t test, b = Chi-square, c = Mann–Whitney U test. The p values are comparisons between the two groups, severe COVID-19 and mild COVID-19.
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Figure 2 Vitamin D correlation with clinical factors in severe COVID-19 patients 
Vitamin D correlation with other clinical parameters in severe COVID-19 patients (n = 33).
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admitted to the ICU in comparison to mild patients and 
healthy control individuals and to further explore its link to 
interleukin 6 in the African setting, specifi cally in Zambia, at 
Mary Begg Health Services.

Patients with severe COVID-19 were signifi cantly older 
than those with mild infection, which is in agreement with 
several other studies [20,23,40]. This observation in all 
these studies could be attributed to the disrupted immune 
responses that occur with aging resulting in failure to 
mount anti-infl ammatory responses, thereby resulting in 
increased proinfl ammatory responses and severe disease 
[41-44]. Additionally, with increasing age, there is an 
increased incidence of comorbidities that might exacerbate 
COVID-19 disease progression and severity, as previously 
documented in other studies [36,45,46]. Lymphopenia was 
also observed in almost half of the COVID-19 patients in this 
study, and this is in tandem with what has been reported in 
other studies [47-51]. There are several postulates for this 
observed lymphopenia, including an infl ammatory cytokine 
storm, which might result in the destruction of lymphocytes, 
lymphocyte exhaustion, SARV-CoV-2 infection interference 
with T-cell expansion, apoptosis of T cells and natural killer 
cells due to viral infection, and the virus might directly 
destroy the lymphatic organs. These and other possible 
mechanisms might contribute to the observed lymphopenia 
in the study outcomes [52-55].

Vitamin D has been proven to reduce the risk of getting 
the common cold and has been shown to have modulatory as 
well as regulatory roles in host defense, adaptive and innate 

immunity, infl ammation, and epithelial repair [56,57]. Due 
to these properties, studies have been conducted to assess 
vitamin D levels in COVID-19 patients. In the present study, 
the majority of COVID-19 patients (both severe and mild) 
had optimal vitamin D levels, and further, there was no 
signifi cant diff erence in vitamin D concentration among 
those with severe COVID-19 compared to mild COVID-19 
patients and the control group. This is contrary to what was 
found in other studies conducted elsewhere in which vitamin 
D was found to be signifi cantly lower (defi cient) in patients 
with severe COVID-19 in comparison to control groups 
[3,7,10,15,20-22,58]. This observed diff erence could be 
explained in terms of vitamin D sources. Over 80% of vitamin 
D in humans comes from the conversion of the precursor 
molecule 7-dehydrocholesterol (provitamin D3) following 
exposure to Ultraviolet B (UVB) radiation with a wavelength 
between 290 nm and 320 nm of sunlight [59]. The majority 
of African countries, including Zambia, in which this study 
was conducted, have longer summer periods, which would 
translate into longer exposure to sunlight and increased 
synthesis of vitamin D, unlike in other settings. While it is 
true that melanin reduces the natural synthesis of vitamin 
D by absorbing photons from UVB and we would expect a 
higher prevalence of vitamin D defi ciency in this study as the 
majority of participants were of dark skin tone, most of the 
participants had optimal levels probably due to prolonged 
exposure to UVB such that optimal levels of vitamin D are 
synthesised in addition to nutrition intake [60,61]. This 
would explain the higher levels of vitamin D observed in the 
participants in this study regardless of COVID-19 infection 
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Figure 3 Vitamin D correlation with clinical parameters in mild COVID-19 patients.
Vitamin D correlation with other clinical parameters in mild COVID-19 patients (n = 45).
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severity and possibly the observed low infections and death 
rates due to COVID-19 among people within the tropical 
regions of Africa [37,62]. However, there is a paucity of data 
showing epidemiological vitamin D concentrations and 
eff ects in the region, hence a recommendation for a large 
cohort study of vitamin D concentration among the people 
of Zambia.

A direct correlation was observed in the study between 
vitamin D concentration and monocytes, in both mild and 
severe COVID-19 although not statistically signifi cant. 
This lack of statistical signifi cance could be attributed 
to the small sample size and demands critical scrutiny 
with sound epidemiological numbers. This is because, 
within the monocyte/macrophage subset of white blood 
cells, activation of Toll-Like Receptors (TLR) leads to the 
stimulation of the expression of the vitamin D receptors 
and localized production of vitamin D from precursor 
25-hydroxyvitamin D3 (25OHD) [63]. This in turn results 
in increased recruitment of monocytes to the site of 
infl ammation through the cathelicidin pathway and helps 
to clear the pathogen [64], hence the need to explore this 
relationship.

Furthermore, the vitamin D concentration in severe 
COVID-19 patients in this study was inversely (negatively) 
correlated with IL-6, which is in agreement with other 
studies [23-25,65,66]. This inhibitory eff ect of vitamin D on 
IL-6 is due to the blunting of the T-helper cell type 1 (Th1) 
immune response and through the MAPK/P38 signaling 
pathway [18,67]. This leads to a decrease in proinfl ammatory 
cytokines and an increase in anti-infl ammatory cytokines. 
By downregulating proinfl ammatory cytokines and 
upregulating anti-infl ammatory cytokines, vitamin D may 
be capable of preventing severe complications related to 
COVID-19 and other viral illnesses [18,19].

Vitamin D, an immunomodulator with specifi c 
immunosuppressive properties that directly inhibits 
cytokine release (IL-6), which is central in COVID-19 
disease severity, could potentially be useful for prophylaxis 
or prevention, management, and treatment of severe 
COVID-19. With these fi ndings, large-scale studies need to 
be conducted within Zambia to evaluate vitamin D and its 
eff ects on COVID-19 and other respiratory infections.

Study limitations

The sample size was very limited. For this reason, it would 
not be expedient to generalize the fi ndings in this study. The 
use of samples dominantly from this locality of the study 
site, thus, means that genetically and environmentally, 
this population may be diff erent from others, and hence, 
more studies are advised. Potential confounders were 
vitamin D supplements in clients with chronic underlying 
conditions (comorbidities) who initially were given vitamin 
D prophylaxis beforehand. This confounder was managed by 

going back to the list of all clients who took supplementary 
vitamin D during the season. Only one client from those 
included in this study had a chronic underlying condition 
and possibly received vitamin D supplements, none of the 
rest of the participants had received vitamin D supplements. 
Another possible confounder could have been specimen 
collection time for vitamin D determination knowing its 
nocturnal properties. We could not control for this, but 
the diff erence may not be statistically signifi cant for the 
interpretation of the data and its inference.

CONCLUSION
The vitamin D concentration in severe COVID-19 patients 

admitted to the ICU was not signifi cantly diff erent from that 
measured in mild patients and the control group. However, 
vitamin D was found to be signifi cantly negatively correlated 
with IL-6 in patients with severe disease, and a similar 
picture was seen in mild COVID-19 patients, although 
statistical signifi cance could not be reached. Therefore, this 
suggests that COVID-19 patients could benefi t from vitamin 
D supplementation to negate the eff ects of IL-6 on disease 
severity and progression. Large-scale studies and clinical 
trials are recommended to further explore the benefi cial 
eff ects of vitamin D on COVID-19 patients.
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