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The Severe Acute Respiratory Syndrome Coronavirus 2 causes COVID-19 infection. Vitamins C and D have been investigated for their effects
on COVID-19 including the severity of it’s symptoms and complications. These vitamins may provide some benefits against the Severe Acute
Respiratory Syndrome Coronavirus 2 as they modulate the immune system in addition to having anti-viral effects. This review will investigate
the effects of vitamins C and D on COVID-19 infection to determine their benefits in the management of patients infected by the Severe Acute

Respiratory Syndrome Coronavirus 2.
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Introduction

COVID-19 is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus ™. This disease was first
reported in China towards the end of 2019. Following a rapid
epidemic spread throughout the mainland of China, the World
Health Organization (WHO) labelled the disease a pandemic as
numerous countries across the globe became affected 7.
Worldwide, there are more than 90 million reported cases of
COVID-19 /. The SARS-CoV-2 virus is mainly transmitted from
person-to-person via respiratory secretions suggesting that close
contact may be required for successful transmission “. Symptoms
of COVID-19 may include: fever, cough or shortness of breath and
fatigue >, Gastrointestinal symptoms may also be observed and
in some instances, patients may be asymptomatic ",

To date, the treatment of COVID-19 has proven quite
complicated and this has therefore brought to light two vitamins
(vitamins C and D) that may serve some benefits to COVID-19
patients. Vitamin C is an anti-oxidant that exhibits anti-
inflammatory properties in addition to promoting immunity. It has
already been shown that patients infected with the SARS-CoV-2
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virus usually experience low serum levels of vitamin C ), Vitamin
D exhibits anti-viral effects and evidence suggests that the
metabolites of this vitamin have inhibitory effects on the SARS-
CoV-2 virus ¥, Associations between serum levels of vitamins C
and D and the development of COVID-19 has already been
investigated in COVID-19 patients. Therefore, this review will
examine the effects of vitamins C and D on COVID-19 infection
and deduce whether or not these vitamins may be beneficial in
treating COVID-19 patients.

Vitamins C and D

Vitamin C also called ascorbic acid, is a water soluble vitamin "%,
It is an essential vitamin that serves many important roles in the
body. Claims have been brought forward to implicate this vitamin
in supporting cardiovascular health and fighting malignancies ™
I The use of this vitamin helps in improving immunity as it can
act as an anti-oxidant thus neutralizing excess free radicals that
may potentially cause tissue damage. It also functions in collagen
production and in the synthesis of carnitine and catecholamines
(15181 vitamin C supports the production of bile acids from
cholesterol ", Animal sources only contain vitamin C in small
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amounts; therefore, this vitamin is mainly obtained from the
consumption of plant based foods such as strawberries, tomatoes,
peppers and broccoli. Within the oral cavity, vitamin C is passively
absorbed; however, it is actively absorbed from the gastrointestinal
tract (1291,

Vitamin D, a fat soluble vitamin, exists in two forms:
ergocalciferol (vitamin D2) and cholecalciferol (vitamin Dj). It
functions in the body to regulate calcium and phosphorus levels in
the blood. Evidence suggests that this fat soluble vitamin plays an
essential role in preventing the development of osteoporosis in
addition to preventing malignancies and autoimmune diseases. It
also promotes cardiovascular health ”'. In addition, vitamin D
promotes hormone secretion, regulates immune system function
and supports cell proliferation and differentiation . In humans,
the skin epidermis serves as an important endogenous source of
vitamin D. In the presence of ultraviolet B (UVB) light, previtamin
D3 is produced in skin cells through a non-enzymatic reaction.
Subsequent reactions in the skin finally convert previtamin D; to
vitamin D3. Vitamin Djs is then carried in the blood and undergoes
conversion to 25-hydroxyvitamin D3 (250HDs) in the liver after
which, 250HD; is converted to 1,25-dihydroxyvitamin D
(1,25(0H),D) by an enzymatic process in the kidneys . Apart
from being synthesized by the skin, vitamin D can also be obtained
from the consumption of foods such as liver, red meat and oily
fishes such as sardines and salmons **!,

The Effects of COVID-19 on the Immune System

When the SARS-CoV-2 virus binds to receptors within the
pulmonary system it activates the immune system leading to a
sequence of events and the ultimate release of cytokines. Excess
cytokines in response to the SARS-CoV-2 virus within the alveolar
of the lungs cause a dysregulation of the immune system leading to
the development of ARDS. Higher levels of interleukin (IL) 6 are
observed in patients affected by COVID-19 *“. Respiratory
complications observed in COVID-19 patients may be attributed to
the presence of higher levels of this inflammatory mediator, as IL-
6 is known to be involved in respiratory failure and multiple organ
dysfunction and failure. Patients presenting with severe symptoms
of COVID-19 also have higher levels of pro-inflammatory markers
such as IL-2, IL-7, granulocyte colony-stimulating factor (G-CSF)
and tumor necrosis factor o (TNF-a) and these patients also
experience abnormal immune signaling especially of the Human
Leukocyte Antigen DR-isotype (HLA-DR allele) and show major
decrease in the number of lymphocytes (T and B lymphocytes) and
natural killer cells *°7,

Vitamins C and D and the immune System

Vitamin C plays an important role in immunity as it functions to
regulate many components of the immune system. White blood
cells, like neutrophils, actively take up vitamin C thus
accumulating high intracellular levels of this vitamin %7,
Vitamin C plays an essential role in the function of neutrophils and
it is believed that high levels of ascorbic acid within these immune
cells, serve a protective role against cellular damage from free
radicals Y. Furthermore, vitamin C supports the normal migration
of neutrophils to sites of injuries and infections through a process
called chemotaxis 2. Low levels of vitamin C, as is commonly
observed during an infection, can impair the process of neutrophil
migration, therefore compromising appropriate immune responses
I3l Evidence also suggests that vitamin C deficiencies potentially
reduce the ability of neutrophils to phagocytose microbes and low
levels of this vitamin diminish the ability of neutrophils to destroy
invading pathogens, as the generation of reactive oxygen species
(ROS) is affected °*. Neutrophil apoptosis and clearance are also
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affected by the presence of low levels of ascorbic acid ™. In
addition to enhancing the functions of neutrophils, vitamin C
demonstrates positive effects on the actions of other white blood
cell, as it promotes lymphocyte proliferation °°, supports antibody
production and prevents the death of lymphocytes 7. These
similar effects are also observed in natural killer cells !,

Vitamin C also influences humoral and cell mediated
immunity; however, it is more evident that it has greater effects on
cell mediated responses. A study that investigated 29 patients with
Crohn’s disease as means of accessing their immune status
following oral supplementations with vitamin C, zinc or placebo,
concluded that vitamin C supplementation improved T- cell
function in study subjects while it had no significant effects on
humoral immunity ®°. Vitamin C regulates the production of
different inflammatory markers as it has already been demonstrated
to enhance the production of anti-inflammatory mediators such as
IL-10 while suppressing the production of pro-inflammatory
mediators such as TNF-o, interferon gamma (IFN-y) and
interleukin 1 beta (IL-1p) 0%,

Similar to vitamin C, vitamin D also potentially regulates
the immune system. It inhibits the differentiation of precusor B
cells into plasma cells ! and prevents the proliferation of B cells.
In addition, it decreases the production of IL-2 and IFN-y by
preventing the proliferation of T-cells, particulary T helper (Th)-1
cells “? but on the contrary, the presence of vitamin D enhances
the activity of T helper (Th)-2 cells. Furthermore, vitamin D
induces T regulatory cells and influences the maturation of T cells
shifting away from the inflammatory Th17 phenotype. The overall
effects of these actions result in a decreased production of pro-
inflammatory cytokines such as IL-17 and IL-21 while promoting
the production of anti-inflammatory cytokines like IL-4, IL-5 and
IL-10 ¥ Moreover, vitamin D prevents monocytes from
producing inflammatory mediators such as IL,6, IL-8, IL-12, and
TNF-a “* It also influences the differentiation and maturation of
dendritic cells thus preventing the development of autoimmune
diseases I,

Both vitamins C and D have already been investigated
for their effects on infections especially infections of the
respiratory system. A randomized double-blinded controlled trial
designed to examine the association between vitamin C
supplementation and the common cold recruited 439 subjects. The
intervention received was 50mg (low-dose) or 500 mg (high dose)
of vitamin C supplementation daily. This study demonstrated that
the number of cases of the common cold observed was higher in
the low dose group as compared to the high does group; however,
this study showed no major effects of vitamin C supplementation
on cold duration or severity ““). Furthermore, a systematic
literature review was conducted to investigate the effects of
vitamin C in preventing or reducing the duration of upper
respiratory tract infections in children. This review included eight
randomized controlled trials, with a total of 3135 children aged 3
months to 18 years. It demonstrated that the use of vitamin C
potentially reduced the duration of the assessed outcome by 1.6
days (standardized mean differences = -0.30 [-0.53; -0.08], p =
0.009, 12 = 70%) in study participants !, Also, another study was
done to assess the effects of vitamin C on respiratory infections in
military personnel and in other subjects that were living under
similar conditions to those of military recruits. This analysis
showed a 45% to 91% reduction in the occurrence of the common
cold and an 80% to 100% decrease in the occurrence of pneumonia
in study subjects who were supplemented with vitamin C, thus
implying that vitamin C may have some protective role to play in
respiratory infections [““), Additionally, a meta-analysis which
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examined 9 randomized controlled trials to discover the
effectiveness of vitamin C in treating the common cold showed
that the use of extra therapeutic doses of vitamin C at the beginning
of a common cold infection helped to reduce the duration of the
infection in addition to reducing the severity of presenting
symptoms. These observations were demonstrated regardless of
routine supplementation. This study therefore concluded that the
use of extra therapeutic doses of vitamin C may prove beneficial in
patients affected by the common cold .

Low levels of vitamin D affects the immune system and
therefore, has been associated with increased risks for developing
infections. Different studies have already demonstrated the
beneficial effects of vitamin D in preventing the occurrence and
reducing the severity of symptoms observed in patients suffering
from respiratory illnesses. A study was carried out in young
Finnish men to investigate the possible existence of an association
between vitamin D deficiency and the development of acute
respiratory tract infections. This study demonstrated higher
incidences of respiratory infections resulting in lost working days
in study subjects that exhibited lower levels of serum vitamin D as
compared to control subjects . Furthermore, a randomized
controlled trial which assessed the effects of vitamin D
supplementation on the occurrence of seasonal influenza A in
school children, concluded that the incidence of this disease during
the winter season may be reduced through the use of vitamin D,
supplementation. In this study, more cases of influenza A occurred
in control subjects (31 of 167) as compared to study subjects who
were supplemented with vitamin D (18 of 167) ). In addition, one
multi-center, randomized, open, controlled clinical trial was done
to assess vitamin D for its clinical efficacy and safety in preventing
influenza A infections in children. In this study, 400 infants were
assigned to receive either low-dose or high-dose vitamin D and it
was demonstrated that more cases of influenza A were reported in
the low-dose group (78 cases) as compare to the high-dose group
(43 cases). It was also noted from this study that cases in the high-
dose vitamin D group recovered more rapidly from existing
symptoms and carried a lower viral load as compared to the cases
identified in the low-dose vitamin D group. This study therefore
concluded that high-dose vitamin D supplementation was effective
in preventing seasonal influenza %, Moreover, another
randomized, double-blind controlled clinical trial was designed to
evaluate the effects of vitamin D supplementation during the
winter season and early spring on the occurrence of influenza and
upper respiratory tract infections. This study which recruited 223
patients with irritable bowel syndrome, concluded that
supplementation of vitamin D potentially protects against upper
respiratory tract infections /. Also, a randomized, double-blinded
controlled clinical trial to evaluate the role of vitamin D in
influenza and upper respiratory tract infections in 1300 healthy
children and adolescence, demonstrated that vitamin D
supplementation reduced the risk of respiratory tract infections in
study subjects; however, vitamin D was unable to reduce the
occurrence of influenza infections °*!,

Vitamins C and D and COVID-19

Vitamin C has been investigated for its potential benefits in
patients presenting with COVID-19 infections and evidence has
already suggests a beneficial role of this vitamin in COVID-19
patients. A randomized, controlled clinical trial carried out in three
different hospitals in the province of Hubei, China, recruited fifty-
four critically ill COVID-19 patients to investigate the
effectiveness of high-dose vitamin C infusion in the treatment of
severely ill COVID-19 patients. Patients who were diagnosed with
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COVID-19 were assigned to receive either high-dose intravenous
vitamin C or placebo. This study concluded that the use of high-
dose vitamin C (24 g per day for 7 days) may prove clinically
effective in the treatment of critically ill COVID-19 patients /. A
case report of a 74 year old woman, diagnosed with COVID-19
and presenting with acute respiratory distress syndrome (ARDS)
showed a good prognosis for severely ill COVID-19 patients
treated with high-dose intravenous vitamin C. This case
demonstrated faster recovery time and reduced length of stay in the
intensive care unit (ICU) with shorter mechanical ventilation time
(561 A case series which included 17 COVID-19 patients who
received intravenous vitamin C for the management of their
symptoms, concluded that this vitamin can potentially be used in
the treatment of patients with moderate to severe COVID-19
infections. This study demonstrated meaningful reductions in the
levels of inflammatory markers, in addition to potential reductions
in the FiO2 (fraction of inspired oxygen) requirements in patients
treated with vitamin C "), One meta-analysis which included eight
clinical trials and a total of 685 patients presented strong evidence
to suggest that the use of vitamin C decreases the length of time
required for mechanical ventilation in severely ill COVID-19
patients ©°®!. To date, further studies are being designed and
executed to investigate the potential benefits of using vitamin C in
COVID-19 patients. Published data from these investigations will
potentially present better insight on the safety, tolerability and
efficacy for the use of vitamin C in the successful treatment of
COVID-19. The accumulated knowledge will provide better
guidelines in the care of COVID-19 patients.

Evidence suggests that vitamin D may also have some
beneficial effects in the management of COVID-19 infections.
These claims may be supported by the fact that the initial outbreak
of this disease occurred during the winter season when serum
vitamin D levels are usually found to be significantly lower. In
addition, it is observed that the number of COVID-19 cases
identified in the Southern Hemisphere are much lower towards the
end of the summer season. Furthermore, the number of cases of
ARDS observed to be associated with COVID-19 infections are
much greater in individuals with lower vitamin D levels. Older
patients and patients presenting with severe comorbidities are more
likely to present poorer prognoses when affected by COVID-19
and it is also known that these patients are more likely to
experience vitamin D deficiencies *°..

One study was carried out at an urban academic medical
centre to assess the association between vitamin D status prior to
COVID-19 testing and potential COVID-19 test outcomes. In this
retrospective cohort study, vitamin D levels were measured one
year before COVID-19 testings were done and 489 study
participants were categorized based on their vitamin D status as
being likely deficient, likely sufficient or uncertain. Results from
this study demonstrated higher rates of COVID-19 infections in the
deficient group as opposed to the sufficient group (21.6%(95%Cl,
14.0%-29.2%) vs 12.2%(95%Cl, 8.9%-15.4%). Therefore, it was
concluded that the risk for COVID-19 increased in the presence of
vitamin D deficiency . Another retrospective, observational
study, which examined the medical records of 42 study subjects
with acute respiratory failure secondary to COVID-19 infection,
treated in the Respiratory Intermediate Care Unit (RICU) of the
Policlinic of Bari from March, 11 to April 30, 2020, showed that
higher rates of hypovitaminosis D were observed in COVID-19
patients suffering from ARDS and that mortality rates were higher
in patients who presented with severe vitamin D deficiency *!. A
parallel pilot randomized open label, double-masked clinical trial
carried out at Reina Sofia University Hospital, C"ordoba Spain
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enrolled 76 consecutive patients hospitalized with COVID-19
infection. This study assessed the effects of calcifediol treatment
on ICU admission and mortality rate among Spanish patients
hospitalized for COVID-19. Results from this evaluation
demonstrated that the use of high doses of calcifediol or 25-
hydroxyvitamin D, decreased the rate for ICU admissions in
hospitalized COVID-19 patients . Furthermore, a case series,
done with the use of confirmed COVID-19 cases from the
Bethesda Hospital Yogyakarta Indonesia, evaluated vitamin D
status in COVID-19 patients. This study, which examined the
medical records of 10 participants, reported a 90% prevalence rate
of vitamin D deficiency from the observed cases [**!.

These findings suggest that both vitamins C and D may
have potential protective benefits against COVID-19 infections and
may also serve to eliminate or reduce the occurrence of major
complications that are observed with the disease.

Discussion

It is apparent that vitamins C and D both play beneficial roles in
respiratory tract infections including those caused by the SARS-
CoV-2 virus. From these findings, there is no doubt that COVID-
19 patients may stand to significantly benefit from having normal
levels of vitamins C and D before disease contraction or through
the use of vitamins C and D supplementation following a diagnosis
of COVID-19. Both vitamins support immune function, and their
beneficial roles in COVID-19 may be derived from their effects on
different immune cells and mediators.

Vitamin C exhibits antiviral effects as is demonstrated by
studies in both animals and humans [“°, In addition, in patients
suffering from COVID-19, this vitamin functions in decreasing
immune responses that may promote pulmonary and systematic
inflammation ). The blood of COVID-19 patients sometimes
show high levels of inflammatory molecules. Evidence reveals that
the treatment of COVID-19 patients with vitamin C, potentially
decrease the levels of inflammatory molecules thus reducing
inflammation °®. Endocrine organs such as the pituitary and
adrenal glands contain high levels of vitamin C and periods of
physiological stress, including those caused by infections, result in
the release of vitamin C from these glands therefore increasing its
levels in the blood. The administration of glucocorticoid steroids
has been proven effective in the treatment of COVID-19 infections.
Vitamin C regulates the production of cortisol and as a result,
promotes the anti-inflammatory and cellular protective effects of
glucocorticoids *”. Vitamin C has anti-oxidant properties ** and
can potentially prevent major complications of COVID-19. ARDS,
which is a complication commonly observed with COVID-19
infections, is mainly caused by conditions that increase
inflammation and oxidative stress [°°),

The literature shows that deficiencies in vitamin D are
potentially linked to an increased risk for infections and
autoimmune conditions Y. COVID-19 patients may serve to
benefit from the use of vitamin D as this vitamin functions to
maintain cellular integrity and it also suppresses the cytokine storm
thus supporting cellular immunity . Furthermore, it induces T-
regulatory cells and suppresses Th-1 cellular responses therefore,
supporting adaptive immunity 7%, Vitamin D significantly impacts
complications of COVID-19 such as ARDS and heart failure, as an
association is already established between its deficiency and the
presence of increased and persistent inflammation %, In addition
to its effects on immune mediators, there are other mechanisms by
which vitamin D provides potential benefits to COVID-19 patients.
Similarly to SARS-CoV-1, SARS-CoV-2 utilizes angiotensin
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converting enzyme 2 (ACE-2) as a potential receptor for entering
and infecting different cells throughout the body especially cells
lining the respiratory and gastrointestinal tracts. When SARS-CoV-
2 binds ACE-2 it causes a down regulation of ACE-2 thus
promoting the development of pneumonia and lung injury /2.
Vitamin D in mice has been shown to decrease acute lung injury by
disrupting the angiopoietin (Ang)-2-Tie-2 signalling pathway and
through its negative effects on the renin angiotensin system (RAS)
(5] Furthermore, this vitamin potentially increases the levels of
ACE2, MasR and Ang-(1-7) through its ability to enhance the
activities of the ACE2/Ang-(1-7)/MasR axis, down regulates the
ACE/Ang II/AT1R axis and inhibit renin. Therefore, through its
influence on these various pathways, vitamin D decreases
inflammation and may therefore be beneficial in the management
of COVID-19 infections ["274,

Since an effective treatment and cure for the COVID-19
infection is yet to be established, prevention may be the only
effective way for completely controlling this disease. Due to their
established effects on the immune system and their proven effects
on respiratory illnesses, there is no doubt that the use of vitamins D
and C may prove beneficial in preventing the development of
COVID-19 or may even help to reduce the severity of symptoms in
COVID-19 patients. Several studies are currently being designed
and executed as means of establishing the exact benefits of these
vitamins in the treatment of SARS-CoV-2 infections. Results from
these studies may serve to establish effective doses of these
vitamins in addition to required routes of administration and safety
levels that are required to effectively treat COVID-19 patients.
Results may also be used in the preparations of guidelines for
managing the disease which will determine if routine screening for
serum levels of vitamins C and D should be carried out in COVID-
19 patients and whether or not these vitamins should be routinely
supplemented in these patients. In the meantime, the incorporation
of these vitamins as part of prevention or treatment regimens may
serve great benefits to patients who are vulnerable or affected by
the SARS-CoV-2 virus.

Conclusion

Evidence shows that vitamins C and D may provide some benefits
to COVID-19 patients. Both vitamins have anti-viral effects and
also possess the ability to regulate the immune system thus
reducing inflammation. As a result, vitamins C and D reduce the
occurrence and severity of COVID-19 complications, especially
that of ARDS. Further studies will serve to prove the role of these
vitamins in the management of SARS-CoV-2 infections and the
doses of these vitamins that would be safe and effective; however,
evidence from this review shows that these vitamins should be
considered as part of the protocols for the prevention and
management of COVID-19 infections.
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