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Abstract

Coronavirus disease 2019 (COVID-19),
caused by severe acute respiratory syn-
drome-related coronavirus 2 (SARS-CoV-
2), is now considered as an ongoing global
pandemic. Common symptoms include
pyrexia, cough, dyspnea, fatigue, sore
throat, and loss of sense of taste and smell.
Complications that can result from more
severe insult on lung tissue is pneumonia
and acute respiratory distress syndrome
(ARDS), which can further lead to septic
shock. It is also not uncommon to find neu-
rological symptoms in patients suffering
from COVID-19. The primary treatment for
COVID-19 is symptomatic treatment and
supportive care. As there is no known vac-
cination and antiviral therapy for this dis-
ease, there is a desperate need to find an
alternative to control and stop the spread of
disease. Maintaining adequate micronutri-
ent balance might enhance the immunity
and protect from viral infections as well.
Vitamin C and zinc helps in improving
symptoms and shortening the duration of
the common cold. Vitamin C (L-ascorbic
acid) possesses pleiotropic physiological
activity. High dose Vitamin C has shown to
be effective against the common flu, rhi-
novirus, avian virus, chikungunya, Zika,
ARDS, and influenza, and there is evidence
that supports the protective effect of high
dose IV vitamin C during sepsis-induced
ARDS due to COVID-19. Zinc has a pro-
found impact on the replication of viruses.
Increasing intracellular zinc concentration
along with pyrithione (zinc ionophore) has
been shown to impair the replication of sev-
eral RNA viruses efficiently, including
poliovirus, influenza virus and several
picornaviruses. A combination of zinc and
can also inhibit the replication of SARS-
coronavirus in cell culture.

Introduction

In December of 2019 large number of
patients were presented to the hospitals in
the city of Wuhan in the Hubei province of
China. All these patients had symptoms
related to pneumonia, and the etiological
agent was unknown. Epidemiologically
patients were all related to the seafood mar-
ket of the Wuhan region.1,2 This pneumonia
causing agent was identified as a novel
coronavirus and causes coronavirus disease
(COVID-19).3 Coronavirus has genetic
makeup related to the family of coron-
aviruses and is related genetically to severe
acute respiratory syndrome (SARS) and
Middle East respiratory syndrome
(MERS).4 As compared to SARS caused by
coronavirus 1, patients with COVID-19 can
be infectious in the asymptomatic stage dur-
ing their incubation period.5 There are mul-
tiple variables of the course of the disease
and management that need optimization.5
As of 18 June 2020, there are 8,242,999
confirmed cases and 445,535 deaths world-
wide.6 The COVID-19 pandemic requires a
quick response but developing vaccination
or antivirals specific to COVID-19 is taking
time.7 Till now, there are no Food and Drug
Administration approved treatments or vac-
cines for highly pathogenic coronaviruses.8
Strategies that could immediately save lives
are needed desperately.7 Patients with coro-
navirus presents with pyrexia (85%), cough
(67.7%), dyspnea (18.6%), sore throat
(13.9%) and nasal congestion (4.8%). The
complication that can result from more
severe insult on lung tissue is acute respira-
tory distress syndrome (ARDS), which can
further lead to septic shock. Apart from
these pulmonary symptoms, some patients
are found to have neurological symptoms
too. A study conducted on 841 patients in a
Spanish hospital found that 57.4% of con-
firmed COVID-19 patients had neurologi-
cal symptoms of some sort. 19.6% of the
test population suffered from altered con-
sciousness state, most of which were elderly
and in advance stage of the disease. Of the
patients who died, 4.1% had a neurological
cause.9 Researchers also have isolated novel
coronavirus from the cerebrospinal fluid
(CSF) of affected patients; however, a case
report also points towards viral encephalitis
in which CSF contents are found to be with-
in the normal range. Autopsies have
revealed brain edema and partial neuron
degeneration in eased patients.10,11

These complications are responsible for
mortality and are contributors to Intensive
care Unit (ICU) admission of patients older
than 60 years, with smoking, or any other
preexisting morbidity.5 As there is no spe-

cific treatment of this novel coronavirus,
there is a desperate need to find an alterna-
tive solution to stop and control the spread
of this virus.12

Literature is emerging that suggests the
adjunctive role of vitamin C in the treat-
ment of viral infection because vitamin C is
found to be virucidal in high doses.13

Pneumonia and neurological damage
seem to be caused by hyperactive immune
cells or cytokine storm.10 IV high dose vita-
min C could be the beneficial choice and
safe during early stages of COVID-19
because it causes immunosuppression at the
level of effector cells.14 Zinc is an essential
trace element that is required for the main-
tenance and development of innate and
acquired immune systems. The combination
of zinc and pyrithione (zinc ionophore) can
inhibit the replication of a variety of RNA
viruses efficiently, including SARS-related
coronavirus (SARS-CoV). Therefore, zinc
supplement has an effect not only on the
symptoms related to COVID-19 but also on
COVID-19 itself.12

Intravenous vitamin C and zinc
as immune boosters

Vitamin C (ascorbic acid) and zinc are
essential nutrients that play a vital role in
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the normal functioning and maintenance of
human health. Both have profound effects
on the growth and differentiation of cells
and are required for the operation of the
immune system optimally. Inadequacy of
vitamin C or zinc can lead to the weakened
immune system with alteration in resistance
to infections, impaired growth, and delay in
wound healing due to weakened collage-
nous structures.15 Vitamin C, also known as
ascorbic acid, is a water-soluble vitamin.
Vitamin C acts as an antioxidant and plays
its role in the synthesis of collagen in con-
nective tissue.12 There is compelling evi-
dence from animal models of sepsis that
intravenous vitamin C injection increases
survival and protects microvascular func-
tions, including blood flow of capillary,
microvascular permeability barrier, and
arteriolar response to vasodilator and vaso-
constrictors. These effects are both persist-
ent and rapid, as vitamin C accumulates
quickly in microvascular endothelial cells,
scavenges reactive oxygen species (ROS),
and take action through tetrahydrobiopterin
to stimulate NO production by endothelial
nitric oxide synthase (Table 1).16

Vitamin C is an important micronutrient
for humans, with a strong cofactor and
antioxidant for a number of gene regulatory
and biosynthetic enzymes. Vitamin C is
important in immune defense by supporting
several functions of both the adaptive and
innate immune system. Vitamin C act as a
cofactor for a number of biosynthetic and
gene regulatory monooxygenase and dioxy-

genase enzymes. The vitamin has been
known long as a cofactor for the prolyl and
lysyl hydroxylases required to stabilize the
collagen tertiary structure, and also act as a
cofactor for the two hydroxylases that is
involved in biosynthesis of carnitine, a mol-
ecule that play role in generation of meta-
bolic energy using transport of fatty acids
into mitochondria.17-19

Vitamin C is also crucial in stimulation
of phagocytic cells, such as migration of neu-
trophils, phagocytosis, microbial killing,
generation of ROS, and enhance chemo-
taxis. It is also desirable for apoptosis and
clearance of the expended neutrophils from
infection sites by macrophages, thereby
avoiding potential tissue damage.17

Zinc is a dietary trace mineral and is
essential for maintenance and development
of immune cells of both the innate and
adaptive immune system. Deficiency of
zinc can result in dysfunction of cell-medi-
ated and antibody-mediated immunity and
increases susceptibility to infectious dis-
eases. Zinc supplement given to zinc-defi-
cient children could reduce measles-related
morbidity and mortality caused by lower
respiratory tract infections.20

Antiviral role of vitamin C

The inspiration for using IV vitamin C
(IVC) for the treatment of viral infections
comes, in part, from the fact that patients

with viral infections exhibit deficiency of
vitamin C. This suggests that the manage-
ment of viral infections may benefit from
vitamin C supplementation.21According to
three human controlled trials, the incidence
of pneumonia was significantly lower in
vitamin C treated groups, suggesting that
vitamin C might prevent the occurrence of
lower respiratory tract infections under cer-
tain conditions.20 Vitamin C is directly viru-
cidal in high doses. It was assumed based
on in vitro studies, where very high dose
vitamin C in the presence of iron or copper,
presumably through the generation of radi-
cal species and hydrogen peroxide, has
virucidal activity.22 It has been suggested
that administration of vitamin C orally can
prevent herpes simplex virus (HSV)-1 reac-
tivation under experimental environment.23

Previous reports also showed that IV
administration of high-dose vitamin C
helped to reduce the pain in patients with
post herpetic neuralgia and the treatment of
patients with herpes Zoster.24

The antiviral role of zinc

Zn2+ is needed for the replication of
many viruses and has been shown to play a
crucial role in viral infections. Zinc status is
a critical factor that can influence antiviral
immunity, mainly as zinc-deficient popula-
tions are often most at risk of acquiring viral
diseases such as human immunodeficiency

                             Review

Table 1. Role of IV vitamin C as an immune booster.16

Enhancement of interferon production
Enhancement of phagocytic function
The selective concentration of vitamin C in white blood cells
Enhancement of cell-mediated immune response
Enhancement of cytokine production by white blood cells
Inhibition of T-lymphocyte apoptosis
Enhancement of nitric oxide production by phagocytes
Enhancement of T-lymphocyte proliferation
Enhancement of B-lymphocyte proliferation
Inhibition of neuraminidase
Enhancement of antibody production and complement activity
Enhancement of natural killer cell activity
Enhancement of prostaglandin formation
Enhancement of cyclic GMP levels in lymphocytes
Enhanced localized generation of hydrogen peroxide
Vitamin C and hydrogen peroxide can dissolve the protective capsules of some bacteria, such as pneumococci
Detoxification of histamine
Neutralization of the oxidative stress that can otherwise enhance the infective process 
Nonspecific immunopotentiation and improvement of the vaccination effect 
Mucolytic effect of vitamin C and possible alteration of bacteria cell surface qualities
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virus (HIV) or hepatitis C virus. The role of
zinc as an antiviral can be separated into two
categories: i) zinc supplementation imple-
mented to improve the antiviral response
and systemic immunity in patients with zinc
deficiency; and ii) zinc treatment performed
to specifically inhibit viral replication or
infection-related symptoms (Table 2).25 Zinc
possess broad-spectrum antimicrobial activ-
ity. Among all viruses, HSV, SARS-CoV,
transmissible gastroenteritis virus, HIV, vac-
cinia virus, equine arteritis virus, respiratory
syncytial virus and rhinovirus are the viruses
that are inhibited by zinc salts. The antiviral
effects of zinc on viruses are mediated
through different mechanisms, such as by
inhibition of entry of viruses, by blocking
polyprotein processing, or by inhibiting
RNA-dependent RNA polymerase activity
of the virus. In hepatitis E, zinc salts show
their action by inhibiting the activity of
HEV RNA-dependent RNA polymerase and
also act by inhibiting RNA viral replication
in HEV-infected cells.26 Oral zinc might
show a reduction in the length and severity
of a cold.27 Although the exact mechanism
of action is unknown, there is some consen-
sus that zinc in ionized form affects picor-
naviruses (rhinoviruses are viruses that
cause the common cold, are from the family
of Picornaviruses).28 Pyrithione (PT) is a
zinc ionophore that frequently exists as a
centrosymmetric dimmer to chelate Zn2+
ion via oxygen and sulfur centers. PT, which

was used as an antibacterial and antifungal
agent, has also shown effectiveness in inhi-
bition of infections by several RNA viruses,
such as coxsackievirus, human rhinovirus,
ang mengovirus(these viruses belong to
Picornaviridae family). PT can also effi-
ciently inhibit the replication of a variety of
RNA viruses.12 PT showed potent inhibitory
effect against HSV-1 and HSV-2 infections.
It was revealed that PT inhibited ICP4 gene
expression and as a result caused the silence
of viral early and late genes expression,
leading to a reduction in producing viral
progeny. It was also found that PT treatment
also interferes with the cellular ubiquitin-
proteasome system.29

Role of vitamin C and zinc
in COVID-19

There is evidence that supports the pro-
tective effect of high dose IVC (HDIVC)
during sepsis-induced ARDS. Vitamin C can
transcriptionally upregulate the protein
channels (Na+/K+ ATPase, CFTR, aquapor-
in-5, and ENaC) regulating the alveolar fluid
clearance.30 HDIVC has been involved in
reducing the formation of plasma cell-free
DNA that is formed from the neutrophil
extracellular trap, which facilitates systemic
inflammation in multiple organ failure in
sepsis.31 Interestingly, HDIVC significantly

reduces syndecan-1, an endothelial glycoca-
lyx, elevated levels of which in plasma cor-
responds with an increase in mortality in
severe sepsis.31 According to randomized
controlled trials undertaken at Zhongnan
Hospital (NCT04264533) on 14 February
2020 that focuses on assessing the efficacy
and safety of vitamin C in pneumonia
caused by SARS-CoV-2. They hypothesize
that IVC can improve the prognosis of acute
respiratory infections. The treatment com-
prises 12 g vitamin C infusion (q12h) for
seven days, and the outcome calculates the
ventilator-free days. Its completion time is
estimated in September 2020.5 Epithelial
cells of lungs use oxidative phosphorylation
in mitochondria to produce ATP, and effec-
tor cells of the immune system depends on
glycolysis for bioenergetic functions.
Therefore, high-dose vitamin C treatment
acts as epithelial cells of lungs and prooxi-
dant for immune effector cells. Additionally,
treatment with vitamin C may also protect
innate immunity of alveolar type II by
inhibiting lactate secretion, produced by
activated immune cells. In association with
the prooxidant role of vitamin C, which
requires millimolar (pharmacological) rather
than micromolar (physiological) concentra-
tions, reevaluating the infusion of high dose
vitamin C could be a timely choice for
ARDS related to COVID-19.14 Moreover, a
recent review, speculates the importance of
nutrition as a mitigation strategy to support
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Table 2. Antiviral effect zinc against viral infection.25

Viral infection/condition   Antiviral effect                                                             Effective dose

Torque teno virus                        Reduced viral load following stem cell transplant                     600 mg ZnSO4/d
Herpes simplex                           Reduced duration and severity of the outbreak                         ZnO/glycine cream (0.3% ionic Zn)
                                                        Reduction in outbreak recurrence                                                0.025% ZnSO4 solution
Experimental rhinovirus            Reduced duration of illness with Zn(Glu)2 only                        Zn(Glu)2 (13.3 mg) or Zn(OAc)2 (5/11.5 mg) lozenges, every 2-3 h/d
Common cold                               Reduced symptom severity, frequency, and duration                ZGG lozenges containing 23 mg Zn, every 2 h/d
                                                        Reduced symptom severity, frequency, and duration                ZGG lozenges containing 24 mg Zn, every 2-3 h/d
                                                        Reduced duration of symptoms                                                     ZGG lozenges containing 13 mg Zn, every 2 h/d
                                                        Reduced symptom severity and duration                                     Zn(OAc)2 lozenges each containing 9 mg Zn, every 2 h/d
Viral warts                                     Improved clearance of warts after 1-2 mo                                   10 mg/ kg ZnSO4 to a maximum dose of 600 mg/d
                                                        Removal of warts based on the concentration of zinc used    3×5 or 10% ZnSO4/d
                                                        Enhanced clearance of warts after 1-2 mo                                  10 mg/ kg ZnSO4 to a maximum dose of 600 mg/d
                                                        No benefit                                                                                            10 mg/ kg ZnSO4/d
                                                        Resolution of 88%lesions after 6 wk/3 sessions                         Up to 3 intralesional injections with 2% ZnSO4 injection
Laryngeal papillomatosis           Resolution of papillomatosis (2 case studies)                           10 mg/kg ZnSO4/d
HIV                                                  Reduced infection, increased CD4 T cell count                          200 mg/dZnSO4/d
                                                        Increased CD4 T cell count                                                              45 mg Zn(Glu)2 every 8 h for 15 d, then 15 mg for 15 d
                                                        Reduced incidence of diarrhea                                                      10 mg elemental zinc as ZnSO4/d
                                                        No benefit                                                                                            25 mg/dZnSO4/d
Chronic hepatitis C virus           Enhanced response to IFN treatment                                          2×75 mg polapre zinc/d
                                                        No benefit to IFN treatment response                                         5×78 mg An(Glu)2/d
                                                        Reduced serum ALT, AST and ferritin                                            3×75 mg polaprezinc/d
                                                        Reduced serum ALT and Th2 cells                                                 2×75 mg polaprezinc/d
                                                        Reduced incidence of HCC (albumin dependent)                     2×150 mg polaprezinc/d

IFN, interferon; ALT, alanine aminotransferase; AST, aspartate aminotransferase, HCC, hepatocellular carcinoma.
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immune function amid the COVID-19 pan-
demic, identifying food groups and key
nutrients of importance that may affect the
outcomes of respiratory infections.32

Zinc might be one of the trace elements
that could reduce respiratory tract infections
due to antiviral properties and may lessen
the intensity of COVID-19.33 The combina-
tion of PT and zinc inhibit SARS-CoV
replication at a lower concentration.
Therefore, zinc affects not only on symp-
toms related to COVID-19 like lower respi-
ratory tract infections and diarrhea but also
affects COVID-19 itself.20 Disulfiram (zinc
ejector drug) can serve as a multi-target
drug by acting at various life cycle stages of
virus: It inhibits replication of COVID-19
by targeting Zn-binding cysteines in
Papain-like cysteine protease (PLpro),
nsp13 and nsp10, and catalytic cysteines in
cysteine proteases (PLpro and 3CLpro) that
catalyze polyprotein cleavage. Hence it
might exhibit a barrier to COVID-19 resist-
ance higher than other antiviral agents by
targeting essential cysteines in multiple
domains, as Zn-bound/catalytic cysteines
mutation would render the virus unable to
survive.7 Moreover, consumption of 25-50
mg of zinc per day is less likely to induce
toxicity, but >200-400 mg per day can cause
adverse effects like vomiting, nausea, epi-
gastric pain, fatigue, and lethargy.33

Conclusions

This study is not experimental, which is
its most significant limitation. As of now,
there is no vaccine or defined protocol for
the management of patients suffering from
coronavirus disease, so people must main-
tain good hygiene and social distance, both
of which will prevent the spread of COVID-
19. Along with these, it is of paramount
importance that the population takes meas-
ures that help in boosting or maintaining an
immune response, so in case people get
infected, they don’t become severely sick
rapidly. Vitamin C, a water-soluble vitamin,
has antioxidant properties, and its level is
found to be reduced in the patient’s infected
pulmonary viral infections. Apart from it,
deficiency of vitamin C is also associated
with abnormal collagen formation, which
can lead to poor wound healing and oral dis-
ease like scurvy.

Zinc possesses a broad spectrum of
antimicrobial activity, and it may inhibit the
activity of coronavirus by preventing entry
into the host cells or by inhibiting RNA
dependent RNA polymerase. Zinc supple-
mentation also may shorten the duration of
the disease. 
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