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ABSTRACT

Background: COVID-19 is associated with a weak immune system in the human body. Vitamin D
plays a role in the body’s immune system and is known to enhance the function of immune cells. In
this case, vitamin D inhibits some of the inflammation that can make COVID-19 more severe. The is
study aims to determine the serum levels of vitamin D, calcium, and phosphorus in COVID-19
patients.

Methods: This was a cross sectional study conducted during the period from January 2021 to July
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2021. 50 COVID-19 patients as a case study and 50 healthy individuals as a control group were
included in this study. Blood samples were collected from the study group and measured for vitamin
D using Enzyme-linked immunosorbent assay (ELISA) technique. Calcium and phosphate were
measured by the Cobas 6000 fully automated analyzer (Roche, Germany).

Results: The study result showed that in COVID-19 patients, vitamin D (27 £ 5 ng/mL), p-value =
0.000, and calcium (10.2 £ 4 mg/dL), p-value = 0.000, in comparison with control. There was a
correlation between vitamin D (r = -.771; p =.000) and calcium (r = -.752; p =.000) and the severity

of disease.

Conclusions: According to our research, vitamin D deficiency may increase the risk of developing
COVID-19 and the risk of developing severe ilinesses.

Keywords: COVID -19; vitamin D; calcium; phosphate.

1. INTRODUCTION

“Although most people with coronavirus disease
2019 (COVID-19) are asymptomatic or only
experience minor symptoms, some patients may
experience life-threatening clinical syndromes
such as pneumonia, acute respiratory distress
syndrome (ARDS), myocarditis, microvascular
thrombosis, and cytokine storm” [1]. “To reduce
the risk of developing a serious illness and, as a
result, the death rate, it is necessary to protect
people from COVID-19, which has become

grown more contagious as a result of its mutation.

A glimmer of hope has emerged in the global
fight against COVID-19 with the approval of
COVID-19 vaccinations for emergency use.
There have been some severe cases of COVID-
19, and the benefits of vaccinations for the
immune systems have not yet been
demonstrated conclusively. Vitamin D is a group
of fat-soluble secosteroids responsible for
increasing intestinal absorption of calcium,
magnesium, and phosphate, and many other
biological effects” [2,3]. “In humans, the most
important compounds in this group are vitamin
D3 (also known as cholecalciferol ) and vitamin
D2 (ergocalciferol) [2,3,4], vitamin D plays an
important role in calcium homeostasis and
metabolism”. “Despite the rarity of reports of
hypocalcemia during COVID-19 infection, we
should therefore pay more attention to changes
in calcium/phosphorus metabolism in patients
with COVID-19 and closely monitor calcium
levels, especially in those with a history of
hypocalcemia” [5]. “The impact of vitamin D on
the management and side effects of COVID-19,
as well as its potential role in lowering the
incidence of COVID-19, has been the subject of
a great deal of investigation. By promoting the
release of cathelicidin and defensin proteins in
monocytes and macrophages, vitamin D has
antiviral effects and prevents viral replication”
[6,7]. “Due to its effects, such as promoting T
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lymphocyte chemotaxis and removing respiratory
pathogens by triggering apoptosis and
autophagy in the infected epithelium, vitamin D is
crucial in avoiding infections of the respiratory
system” [8]. “Some patients with COVID-19 with
severe symptoms had low T lymphocyte counts,
according to reports” [9]. “This finding supports
the idea that vitamin D could be a potential anti-

inflammatory agent because vitamin D
administration increase the number of T
lymphocytes” [10]. “There is evidence that

vitamin D may prevent or improve outcomes in
many infectious and inflammatory conditions ,
including acute and chronic respiratory
infections. There is also a growing understanding
of its immunomodulatory and anti-inflammatory
functions. A recent meta-analysis found a 70%
reduction in viral respiratory tract infections
among people with vitamin D deficiency
randomized to vitamin D treatment’ [1]. “The
potential importance of vitamin D in the spread of
COVID in the USA is supported by the fact that
nearly half of the population is vitamin D
deficient, with higher rates among people with
darker skin and/or lower sun exposure, including
those living in higher latitudes in winter, nursing
home residents and health care workers, who
also have a greater risk of COVID-19”. Adrian
[11,12] “the previous study provided some of the
first evidence to support the hypothesis that
vitamin D deficiency can affect the risk COVID-
19, finding that patients with vitamin D deficiency
that was not adequately treated were 77% more
likely to test positive for COVID-19 than patients
who were not likely vitamin D deficient” [13].
“One of the most significant issues with the
pandemic is the severe progression of COVID-19
in some patients. Studies have shown that
patients with severe COVID-19 had a higher rate
of thrombotic events and cytokine storms. These
occurrences are to blame for tragic results”
[14,15,16]. “Having enough vitamin D reduce the
probability of a cytokine storm and controls
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thrombotic pathways, as is well known” [17,18].
“Vitamin D deficiency (VDD) has been
associated with increase COVID-19 severity and
death, and vitamin D sufficiency has been
suggested to decrease the increased levels of
inflammatory markers and cytokine storm during
COVID-19 disease” [18,19]. “As a result, there is
a great deal of interest in the question of how
VDD affects COVID-19 infection and outcomes.
Some studies have shown that people who are in
hospitals with severe COVID -19 also have low
levels of vitamin D (vitamin D deficiency).
However, the risk factors for developing severe
COVID -19 are the same as those for developing
vitamin D deficiency, so it is difficult to tell if
vitamin D deficiency itself is a risk factor for
severe COVID -19. Clinical studies showed that
the most vulnerable populations to COVID -19
are the elderly populations and those with
vitamin D deficiency” [20]. “older patients with
comorbidities and below normal vitamin D have a
higher rate of mortality” [21]. “Vitamin D
deficiency has also been reported to be
associated with an increased risk of severity in
COVID -19” [22]. “It seems highly probable that
adequacy of vitamin D supplementation for
populations with a high prevalence of vitamin D
deficiency may decrease the risk of severe
consequences of COVID -19” [22].

2. METHODS AND MATERIALS

2.1 Study Design

A cross-sectional study was conducted during
the period from December 2021 to April 2022 in
Khartoum State. Sudanese patients with COVID-
19 and patients who were diagnosed with
COVID-19 during the study period were enrolled
to participate in this study. The confirmation of
COVID-19 will be based on a CT scan and/or
RT-PCR. The total study group was 100, 50
patients with COVID-19 as a case study present
during the period of study, and 50 healthy
individuals were enrolled as a control group.

2.2 Inclusion and Exclusion Criteria

Covid -19 patients are included in the study
group. Any diseases that may affect serum
vitamin D levels, serum calcium levels, or serum
phosphate, will be excluded.

2.3 Data Collection

Primary data collection were collected from the
analytical results of the patients who had made
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tests. Secondary data collection were collected
from medical journals, medical textbooks, and
internet web sites.

2.4 Sample Collection

The venous blood sample will be collected using
sterile, dry, plastic syringes and a tourniquet to
make the veins more prominent. The puncture
sites were cleared with 70% ethanol, and the
amount of blood sample required is 5 ml, which
will be collected in lithium heparin containers
from each volunteer. The lithium heparin blood
sample were centrifuged at 4000 rpm to obtain
the plasma vitamin D tests. All samples were
stored at (4 c) until the analysis.

Biochemical

2.5 Measurement of

Parameters

Method for measured vitamin D Enzyme-linked
immunosorbent assay (ELISA) competitive
binding method: This ELISA test kit is designed
for the in vitro determination of 25 - OH vitamin D
in human serum samples. Amount of 25 - OH
vitamin D in the patient sample and a known
amount of biotin-labeled 25 - OH vitamin D
compete for the antibody binding sites in the
microplate wells plate. Unbound 25 OH
vitamin D is removed by washing. For the
detection of bound biotin-labeled 25 - OH vitamin
D, a second incubation is performed using
peroxidase-labeled streptavidin. In a third
incubation using the peroxidase substrate
tetramethylbenzidine (TMB) the bound
peroxidase promotes a color reaction. The color
intensity is inversely proportional to the 25 - OH
vitamin D concentration in the sample. Calcium,
and phosphate blood levels were measured by
the Cobas 6000 fully automated analyzer
(Roche-Germany).

2.6 Data Analysis

Data were analyzed by using the SPSS
computer program, SPSS version 18. Statistical
analysis was done using ANOVA for continuous
variables, and Chi square test was used for
proportion. Correlation between quantitative
variables was assessed by Pearson's correlation
coefficient. P. value <0.05 was considered to be
statistically significant.

3. RESULTS

This study described 50 adult patients aged
between 23 and 75 years who were hospitalized
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with Covid -19 in an isolation center in Sudan.
The serum level of vitamin D, calcium and
phosphate in patients covid and compare the
results with the control group. In Fig. 1 the
patients with Covid -19 are classified into mild (n
= 20), moderate (n = 12) and severe (n = 18)
according to severity of disease. In Fig. 2 the
majority of covid -19 are men (58%) who showed
that the incidence of covid -19 is higher in men
than women. Abnormal laboratory parameters
were observed more frequently in confirmed
patients with COVID19, particularly in mild,
moderate, severe or critical patients, as shown in
Fig. 2. In Table 1. This study showed that there
was a significant decrease in the mean level of
vitamin D and calcium in the mean level in

patients with COVID-19 when compared to the
control group (p-value = 0.000), there was no
significant differences in the phosphorus levels
when compared to the control group. There
were no significant differences in the laboratory
parameters levels according to sex in the case
study in Table 2.

Pearson correlation investigates the relationship
between COVID-19 disease stages and
biochemical changes in plasma parameters in
Table 3 and Figs. 3, 4, Negative correlation
between vitamin D levels and disease severity
stages, R= -0.7, P. value =.000 and negative
correlation between serum calcium levels and
disease stages, R =-0.74 , P =0.000.

Stages of the disease

W mild
B moderate

W severe

Fig. 1. Distribution of stages of the disease in the case study

Table 1. Comparison of biochemical parameters means and Sd. among of the study groups

Test Study group Control group P. value
Vitamin D (ng/mL) 27+5 4316 0.000
Calcium (mg/dL) 10.2+4 10.5+4.2 0.000
Phosphate (mg\dL) 4.5+2.2 3. 9+.024 0.15

Table 2. Comparison of biochemical parameters means and Sd. among of the study groups
according to gender

Test male female P. value
Vitamin D (ng/mL) 275 2416 0.4
Calcium (mg/dL) 9.2+4 10.2+4 0.6
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Fig. 2. Distribution of the case study patients according to gender
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stages of the disease

Fig. 3. Correlation between Plasma vitamin D level and stages of COVID-19 disease, R=-0.7,

P. value =.000
Table 3. Correlation between the stages of the disease and biochemical changes in the plasma
parameters
Test Correlation - R. value P. value
Vitamin D (ng/mL) =771 .000
Calcium (mg/dL) -.752 .000
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Mild

Moderate

Sever

Fig. 4. Correlation between Plasma level calcium and stages of COVID-19 disease, R=-0.74 , P.
value =0.000

4. DISCUSSION

The outbreak of COVID -19 in the Chinese city of
Wuhan in early December 2019 caused havoc
with an overall case-mortality rate of 2.3% (4,512
deaths among 68,151 confirmed cases) [23], it
was found to spread from person to person like
droplet infection [24] and was found to be highly
contagious, which led to the city being closed to
prevent spread of the disease [25]. It started
spreading to all countries in the world and
reached Sudan in March 2020 [26]. COVID -19
affects different people in different ways. Most
people who get it have mild to moderate
symptoms and recover without hospitalization.
The most common symptoms of the disease
include fever, dry cough and fatigue, while less
common symptoms include aches and pains,
sore throat, diarrhea, conjunctivitis, headache
and loss of taste or smell, a rash, while serious
symptoms of covid -19 disease include difficulty
or shortness of breath, pain or pressure in the
chest, loss of the ability to speak or move. This
study described 50 adult patients between 23
and 75 years of age and determined the serum
level of vitamin D, calcium, and phosphate in
patients with COVID-19 and compared the
results with the control group. COVID-19 patients
are classified as mild, moderate, and severe
according to stages of disease. In this study, the
most of those infected with COVID-19 are male.
which agrees with the study of Team TNCPERE
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[27] who demonstrated that the incidence of
COVID-19 is higher in men than women. Recent
studies suggest that this may be due to dissimilar
innate immunity, steroid hormones, and factors
related to sex chromosomes.

This study showed that there was a significant
decrease in the levels of vitamin D and calcium
in COVID-19 patients compared to the control
group. These results showed an agreement with
the finding of Abdolahi Shahvali Elham et al. [28],
who found a deficiency in the levels of vitamin D
and calcium in a group of COVID-19 patients
compared to the control group. While the results
of this study on calcium levels showed
agreement with the previous study reporting a
high prevalence of hypocalcemia in patients with
the coronavirus [29].

Vitamin D plays a key role in regulating the
balance of calcium. Additionally, it directly
induces antimicrobial peptides at mucosal
surfaces and regulates T cell activity, which has
important impacts on the immune system. Low
vitamin D levels are linked to an increased risk of
respiratory tract infections, according to pre-
pandemic observational data [30,31]. The results
of Randomized trials were mixed, but two
important meta-analyses showed some evidence
that vitamin D supplementation may help prevent
respiratory tract infections, especially in vitamin
D deficient individuals [32-34].
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Could vitamin D help with COVID-19 defense?
Mechanistically, vitamin D increases the body's
ability to fight against respiratory infections like
the influenza A virus and the rhinovirus [35,36].

The statistical quality analysis revealed a
difference in the amount of vitamin D between
the case and control groups (p = 0.000), but not
in the level of calcium (p = 0.00). This confirms
with studies by Abdolahi Shahvali Elham [28],
among others, who discovered a correlation
between vitamin D levels and the severity of the
disease. and the William et al. study, which
shown that vitamin D has a positive impact on
COVID-19 patients [37].

This contradicts the findings of studies by
Abdolahi Shahvalili Elham and Hosseininezhad
et al. [38] who found that there was no significant
difference in the prevalence of vitamin D
deficiency between males and females. The
study found that the level of vitamin D in the
serum of both sexes (males and females) had a
significant difference between the case and the
control group.

Observational data from past studies suggest
that low levels of 25(OH)D may be a risk factor
for severe COVID-19. [39] However, confounding
or random influences may be responsible for this
connection [40,41]. For instance, COVID-19 and
vitamin D deficiency are both independently
associated with obesity, old age (>65 years), and
male sex. Two related, new randomized studies
give this critical question the much-needed
support it needs. The initial investigation was
carried out in the United Kingdom between May
and October 2021 [42]. Jolliffe and colleagues
randomly assigned 3100 participants to receive
either 3200 IU/day or 800 IU/day of vitamin D3
for a period of six months if their blood levels of
25-hydroxyvitamin D were below 75 nmol/L.
3,100 extra controls weren't examined or
supplemented. The scientists concluded that
neither of the vitamin D doses was impacted by
the prevalence of COVID-19.

However, there are not enough cohort studies
and clinical studies to identify how vitamin D
affects the severity and/or prevention of COVID-
19 infections. Initial research by Alipio [43]
revealed a strong correlation between vitamin D3
level and infection severity; patients with
sufficient vitamin D3 status (> 30 ng/mL) showed
mild COVID-19 symptoms, while 72.8% of
patients with vitamin D3 deficiency (20 ng/mL)
showed severe symptoms.
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This study found that the mean calcium level was
substantially lower in COVID-19 patients than in
the control group. Yang's [44] result that COVID-
19 was independently related to hypocalcemia
more so than the control group confirmed these
similar findings. In a previous study, it was
observed that the most common adverse effect
of hypocalcemia was increased neuromuscular
irritability, which is characterized by muscle
spasms, tingling in the limbs, and perioral
numbness.

A rare complication of hypocalcemia is reversible
cardiomyopathy [45]. The findings of the current
study are similar to those of Ramesh [46] who
found that COVID-19 was significantly
associated with hypocalcemia more so than
among controls.

When compared to the control group in this
investigation, COVID-19 patients had normal
levels of phosphate see Table 1. Disagree with
previous studies' findings that hypophosphatemia
was more significantly linked with COVID-19
than the control group [44,46]. Other
earlier research found that the risk variables
for hypophosphatemia—excessive energy
expenditure and catabolism, as well as
insufficient dietary intake—were likely mediating
the association between hypophosphatemia and
poor outcomes. Malnutrition was a common
problem for those with COVID-19, and it has
been associated with poor outcomes for these
patients [47-52].

The influence of vitamin D on COVID-19 has
been examined in a number of recent research.
In one study of 489 individuals, it was discovered
that those with a vitamin D shortage had a higher
likelihood of testing positive for the virus that
causes COVID-19 than those with adequate
vitamin D levels. According to other studies,
patients with COVID-19 who develop acute
respiratory failure had high rates of vitamin D
deficiency. These patients had a significantly
increased probability of dying [53]. Additionally,
vitamin D deficiency is common in Sudan. The
COVID-19 has disproportionately impacted these
communities. In addition, those who are elderly,
obese, or have a body mass index of 30 or more
are more likely to suffer from a vitamin D
deficiency (hypertension). These factors also
raise the possibility of developing severe COVID-
19 symptoms. According to the National
Institutes of Health and the World Health
Organization [53], there isn't enough data to
recommend the use of vitamin D to prevent
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infection with the virus that causes COVID-19 or
to treat COVID-19. Further study is needed to
determine whether vitamin D and vitamin D
deficiency can help prevent and treat COVID-19.

5. CONCLUSION

This study concludes that there was a significant
decrease in the level of vitamin D and calcium in
COVID-19 patients when compared to the control
group. There was a significantly strong
correlation between the study parameters and
COVID-19 disease severity.
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objectives of the study. An interview and a
guestionnaire were used to collect data.

ETHICAL APPROVAL

This study was approved by the Ethical
Committee of the Faculty of Medical Laboratory
Sciences - Alzaiem Alazhari University.

ACKNOWLEDGEMENT

We would like to thank the biomedical scientist
who collected samples during the period of
research and the staff of the Therapeutic
Hospital for Patients of COVID-19 in Khartoum
state (nursing, doctors, and medical laboratory
specialists) for providing facilities for this work.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Cascella M, Rajnik M, Aleem A, Dulebohn
S, Di Napoli R. Features, evaluation, and
treatment of coronavirus (COVID-19);
2021.

[cited 2021 Oct]
Available:https://www.statpearls.com/Articl
elLibrary/viewarticle/52171

2. Office of Dietary supplements - vitamin D.
ods. od.nih.gov; October 9, 2020.
Retrieved October 31, 2020.

3. Norman AW. From vitamin D to hormone
D: Fundamentals of the vitamin D
endocrine system essential for good

41

10.

11.

12.

13.

14.

15.

health. The American Journal of Clinical
Nutrition. August 2008;88(2):491 S - 499
S.

Bikle DD. Vitamin D metabolism,
mechanism of action, and clinical
applications. Chemistry and Biology. March
2014;21(3):319 - 29.

Lippi G, South AM, Henry BM. Electrolyte
imbalances in patients with severe
coronavirus disease 2019 (COVID-19).
Ann Clin Biochem. 2020;57(3):262—265.
White JH. Vitamin D metabolism and
signaling in the immune system. Rev
Endocr Metab Disord. 2012;13:21-29.
Gombart AF, Borregaard N, Koeffler HP.
The human cathelicidin antimicrobial
peptide (CAMP) gene is a direct target of
the vitamin D receptor and is strongly up-
regulated in myeloid cells by 1,25-
dihydroxyvitamin D3. FASEB J. 2005;
19:1067-1077.

Adams JS, Ren S, Liu PT, Chun RF
Lagishetty V, Gombart AF, et al. Vitamin D-
directed rheostatic regulation of monocyte
antibacterial responses. J Immunol. 2009;
182:4289-4295.

Chen G, Wu D, Guo W, Cao Y, Huang D,
Wang H, et al. Clinical and immunological
features of severe and moderate
coronavirus disease 2019. J Clin Invest.
2020;130:2620-2629.

Cantorna MT, Snyder L, Lin YD, Yang L.
Vitamin D and 1,25(OH)2D regulation of T
cells. Nutrients. 2015;7:3011-3021.

Adrian R Martineau, et al. Vitamin D
supplementation  to prevent  acute
respiratory tract infections: systematic

review and meta-analysis of individual
participant data. BMJ 2017 Feb
15;356:i6583.

Kimberly YZ Forrest, Wendy L Stuhldreher.
Prevalence and correlates of vitamin D
deficiency in US adults Nutr Res2011
Jan;31(1):48-54.

David O. Meltzer, Thomald. Best, Hui
Zhang, et al. Association of Vitamin D
status and other clinical characteristics
with COVID-19 Test Results. JAMA Netw
Open. 2020;3(9):e2019722.

Franchini M, Marano G, Cruciani M,
Mengoli C, Pati I, Masiello F, et al. COVID-
19-associated coagulopathy. Diagnosis
(Berl). 2020;7:357-363.

Hu B, Huang S, Yin L. The cytokine storm
and COVID-19. J Med Virol. 2021;93:250—
256.


https://www.statpearls.com/ArticleLibrary/viewarticle/52171
https://www.statpearls.com/ArticleLibrary/viewarticle/52171
https://pubmed.ncbi.nlm.nih.gov/?term=Forrest+KY&cauthor_id=21310306
https://pubmed.ncbi.nlm.nih.gov/?term=Stuhldreher+WL&cauthor_id=21310306
https://jamanetwork.com/searchresults?author=David+O.+Meltzer&q=David+O.+Meltzer
https://jamanetwork.com/searchresults?author=David+O.+Meltzer&q=David+O.+Meltzer
https://jamanetwork.com/searchresults?author=Hui+Zhang&q=Hui+Zhang
https://jamanetwork.com/searchresults?author=Hui+Zhang&q=Hui+Zhang

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Ali et al.; Asian J. Res. Biochem., vol. 11, no. 2, pp. 34-43, 2022; Article no.AJRB.94190

Wang Y, Zhou Y, Yang Z, Xia D, Hu Y,
Geng S. Clinical characteristics of patients
with severe pneumonia caused by the
SARS-CoV-2 in Wuhan, China.
Respiration. 2020;99:649-657.

Alhassan Mohammed H, Mirshafiey A,
Vahedi H, Hemmasi G, Moussavi Nasl
Khameneh A, Parastouei K, et al
Immunoregulation of inflammatory and
inhibitory cytokines by vitamin D3 in
patients with inflammatory bowel diseases.
Scand J Immunol. 2017;85:386—394.
Daneshkhah A, Agrawal V, Eshein A,
Subramanian H, Roy HK, Backman V.
Evidence for a possible association of
vitamin D status with cytokine storm and
unregulated inflammation in COVID-19
patients. Aging Clin Exp Res. 2020;32:
2141-2158.

Mohammad S, Mishra A, Ashraf MZ. The
emerging role of vitamin D and its
associated molecules in pathways related
to the pathogenesis of thrombosis.
Biomolecules. 2019;9:649.

lie PC, stefanescu S, Smith L, The role of
vitamin D in the prevention of coronavirus
disease 2019 infection and mortality. Aging
Clin Exp Res. 2020;32(7):1195 - 1198.
Raharusuna P, Priambada S, Budiarti C,
Agung E, Budi C, patterns of mortality and
vitamin D: an Indonesian study. Preprint;
2020.

Tian Y, Rong L. letter. COVID-19, and
vitamin D. Authors reply. Aliment
Pharmacol Ther. 2020;s1(10): 995 -
996.

Wu Z, McGoogan JM. 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. J Am Med
Asso. 2020c¢;323(13):1239-42.

Chan JFW, Yuan S, Kok KH, To KK, Chu
H, Yang J. a familial cluster of pneumonia
associated with the 2019 novel coronavirus
indicating person-to-person transmission: a
study of a family cluster. Lancet. 2020 140-
6736(20):30154-59.

Phan LT, Nguyen TV, Luong QC, Nguyen
TV, Nguyen HT, Le HQ, et al. Importation
and Human-to-Human Transmission of a
Novel Coronavirus in Vietham. N Engl J
Med. 2020;382(9):87274.

HCT & UNCUT. Sudan- Coronavirus-
COVID-19 Country preparedness and
response plan [Internet]; 2020.

42

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Team TNCPERE. The epidemiological
characteristics of an outbreak of 2019
novel coronavirus diseases (COVID-19) in
China. Chin J Epidemiol. 2020;41.
Abdolahi Shahvali Elham, Khalighi Azam et
al. Serum vitamin D, calcium, and zinc
levels in patients with COVID-19, Clin Nutr
ESPEN. 2021 Jun;43:276-282.

Sun JK, Zhang WH, Zou L, Liu Y, Li JJ,
Kan XH. Serum calcium as a biomarker of
clinical severity and prognosis in patients
with  coronavirus disease 2019: a
retrospective cross-section study. 2020
JUN 30;12 (12):11287 - 11295.

Chauss D, Freiwald T, McGregor R, et al.
Autocrine vitamin D signaling switches off
pro-inflammatory programs of TH1 cells.
Nat Immunol. 2022;23:62-74.

Ismailova A, White JH. Vitamin D,
infections, and immunity. Rev Endocr
Metab Disord. 2022;23:265-77.

Berry DJ, Hesketh K, Power C, Hypptnen
E. Vitamin D status has a linear
association with seasonal infections and
lung function in British adults. Br J Nutr.
2011;106:1433-40.

Jolliffe DA, Camargo CA Jr, Sluyter JD, et
al. Vitamin D supplementation to prevent
acute respiratory infections: a systematic
review and meta-analysis of aggregate
data from randomized controlled trials.
Lancet Diabetes Endocrinol. 2021;9:276-
92.

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:i6583.

DOI:10.1136/bm;.i6583 pmid:28202713
Godbole NM, Sinha RA, Tiwari S, Pawar
SD, Dhole. Analysis of influenza virus-
induced perturbation in autophagic flux and
its modulation during Vitamin D3 mediated
anti-apoptotic signaling. Virus Res. 2020;
282:197936.

Greiller CL, Suri R, Jolliffe DA, et al.
Vitamin D attenuates rhinovirus-induced
expression of intercellular adhesion
molecule-1  (ICAM-1) and platelet-
activating factor receptor (PAFR) in
respiratory epithelial cells. J Steroid
Biochem Mol Biol. 2019;187:152-9.

Grant WB, Lahore H, McDonnell SL,
Baggerly CA, French CB, Aliano JL.
Evidence that vitamin D supplementation
could reduce risk of influenza and COVID-


https://pubmed.ncbi.nlm.nih.gov/?term=Elham+AS&cauthor_id=34024527
https://pubmed.ncbi.nlm.nih.gov/?term=Azam+K&cauthor_id=34024527

38.

39.

40.

41,

42.

43.

44,

45,

46.

Ali et al.; Asian J. Res. Biochem., vol. 11, no. 2, pp. 34-43, 2022; Article no.AJRB.94190

19 infections and deaths. Nutrients.
2020;12(4):988.

Hosseininejad N., Kalbasi Z, Afshar J.
vitamin D, and childhood pneumonia. Razi

J Med Sci. 2016;22(140):109 - 116.

Chiodini I, Gatti D, Soranna D, et al.
Vitamin D Status and SARS-CoV-2
Infection and COVID-19 Clinical
Outcomes. Front Public Health. 2021,
9:736665.

Bergman P. The link between vitamin D
and COVID-19: distinguishing facts from
fiction. J Intern Med. 2021;289:131-3.
Subramanian S, Griffin G, Hewison M, et
al. Vitamin D, and COVID-19-Revisited. J
Intern Med; 2022.

Jolliffe DA, Holt H, Greening M, et al. Effect
of a test-and-treat approach to vitamin D
supplementation on risk of acute
respiratory infections and covid-19: phase
3 randomized controlled trial. BMJ. 2022;
378:e071230.

Alipio M. Vitamin D supplementation could
improve clinical outcomes of patients
infected with the coronavirus - 2019
(COVID 2019). SSRN Electron J; 2020.

YongkangDong, Li Dong. Novel
coronavirus epidemic prevention and
control research project of Shanxi
Province, Grant/Award Numbers. The
Research Project of Shanxi Health
Commission. 202003D31002/GZ,
202003D31005/GZ.

Bove-Fenderson E, Mannstadt M.
Hypocalcemic disorders. Best Practice &
Research. Clinical Endocrinology &
Metabolism. 2018;32(5):639—-656.

Pal R, Ram S, Zohmangaihi D Biswas |,
Suri V, Yaddanapudi LN, Malhotra P, Soni
SL, Puri GD, Bhalla A, Bhadada SK. High

47.

48.

49.

50.

51.

52.

53.

prevalence of hypocalcemia in non-severe
COVID-19 patients: A retrospective case-
control study. Front. Med. 2021;7:590805.
Li T, Zzhang Y, Gong C, et al. Prevalence of
malnutrition and analysis of related factors
in elderly patients with COVID-19 in
Wuhan, China. Eur J Clin  Nutr.
2020;74(6):871-875.

Di Filippo L, De Lorenzo R, D'Amico M, et
al. COVID-19 is associated with clinically
significant weight loss and risk of
malnutrition, independent of
hospitalization: a posthoc analysis of a
prospective cohort study. Clin Nutr. 2021,
40(4):2420-2426.

Yu Y, Ye J, Chen M, et al. Malnutrition
prolongs the hospitalization of patients with
COVID-19 infection: a clinical
epidemiological analysis. J Nutr Health
Aging. 2021;25(3):369-373.

Liu A, Cong J, Wang Q, et al. Risk of
malnutrition is common in patients with
Coronavirus Disease 2019 (COVID-19) in
Wuhan, China: a Cross-sectional Study. J
Nutr. 2021;151(6):1591-1596.

Wei C, Liu Y, Li Y, Zhang Y, Zhong M,
Meng X. Evaluation of the nutritional status
in patients with COVID-19. J Clin Biochem
Nutr. 2020;67(2):116-121.

Zhou J, Ma Y, Liu Y, et al. A correlation
analysis between the nutritional status and
prognosis of COVID-19 patients. J Nutr
Health Aging. 2021;25(1):84-93.
DOI:10.1007/s12603-020-1457-6

Wiliam F. Marshall, Can be taking a
vitamin D supplement to prevent infection
with the virus that causes the coronavirus
disease 2019 (COVID-19)? Mayo
Foundation for Medical Education and
Research (MFMER). 2021;10.

© 2022 Ali et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/94190

43


http://creativecommons.org/licenses/by/4.0

