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Abstract
Since its sudden outbreak in December 2019 in Wuhan, A pandemic of SARS-CoV-2 has been announced. 
Vitamin C is a water-soluble vitamin with anti-oxidant and immunity-boosting properties. Vitamin C acts 
as a nutritional supplement profoundly impacting the immune response to the second or third wave of 
the coronavirus disease (COVID-19). Vitamin C efficacy as an adjuvant treatment for inflammation and 
symptoms associated with COVID-19 infection should be investigated further. this report sheds light 
on the available information on the current clinical trials and pharmacotherapy related to COVID-19. 
Information available on Pubmed, eMBASe, Scopus, Web of Science databases and eU clinical trials 
regarding the use of therapeutic agents in patients with COVID-19 was used to perform analysis. Data 
was taken from 18 clinical trials available in the U.S. National library of Medicine. All trials that are 
active, completed, or in the process of recruiting are included in data. Because of majority of clinical 
trials are still ongoing, specific results and high-quality clinical evidence are lacking. Before being 
standardised for use, the protocol must undergo large randomised clinical studies using a variety of 
existing medications and potential therapies. the pivotal role played by vitamins C in maintaining our 
immune system, is quite apparent. this review is an attempt to summarize the available information 
regarding the use of vitamin C as an adjuvant therapy in COVID-19 patients.
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INtRODUCtION

 The latest COVID-19 epidemic has 
required emergency treatment for a large number 
of patients. COVID-19 pandemic is disseminating 
like a storm, necessitating effective preventive 
and precautionary measures in addition to the 
development of a vaccine to fight the disease. 
Vitamin C is used to treat respiratory infections 
and is now being increasingly used as a therapeutic 
agent. It’s main role is that of an antioxidant 
and it improves the functioning of the immune 
system, similar to the phagocytes and lymphocytes 
that improve the response of T lymphocytes by 
augmenting interferon levels.1 Dr Fowler and 
colleagues, in 2014 concluded that administration 
of intravenous vitamin C to patients with sepsis 
could decrease the levels of C-reactive protein 
and thrombomodulin.2 The patients with acute 
respiratory distress syndrome (ARDS) who had 
sepsis were given intravenous administration 
of 200 mg/kg/day of vitamin C for 4 days. The 
results of this randomized controlled trial showed 
that in 28 days, the mortality was 30% relative 
to 46% in the placebo group (p = 0.03) and a 
hazard ratio (HR) of 0.55 (95% CI, 0.33–0.90, p 
= 0.01) was also found.3 This review concluded 
that the intervention of vitamin C, which has a 
high efficacy, low cost, and a potential for rapid 
healing, can be used to treat severe respiratory 
infections as seen in COVID-19.4 The spectrum of 
the disease ranges from asymptomatic individuals 
to severe respiratory tract infection leading to 
system failure and finally death. This is partially 
due to a lack of an effective antiviral therapy and 
therefore there is only symptomatic treatment. 
Currently, vitamin C has been of interest to the 
physician to fight against coronavirus as it a play 
a pivotal role in maintaining immunity and has 
anti-inflammatory properties.5-7 When analyzing 
the current COVID-19 situation in India and 
worldwide, it seemed quite obvious to address 
some aspects of the ways to boost up immunity via 
vitamin C supplementation, which is an effective 
immune-modulator in severe acute respiratory 
syndrome associated with coronavirus 2 (SARS-
CoV-2) or second wave COVID-19.8  Several animal 
studies conducted on vitamin C and infection, 
concluded potential protective role of vitamin C 
in infection.9 Various reports available in literature 

including increase in resistance generation noticed 
in chick embryo tracheal organ cultures to avian 
coronavirus infection,10,11 protection of broiler 
chicks against the avian coronavirus and vitamin 
C induced downregulation of proinflammatory 
genes, enhanced epithelial barrier and increased 
rate of alveolar fluid clearance among septic 
mice suffering from acute respiratory distress 
syndrome(ARDS),12 etc. An increase in mice lung 
pathology was also observed due to deficiency 
of vitamin C. Outcomes of various human trials 
reported shortening in rate of infection caused 
by virus with regular administration of nearly 1 
gm/day of vitamin C.9,13 The effect of vitamin C on 
different new strains of respiratory viruses seems 
not very specific as the types of viruses varied 
during trials. It is likely that there may be some 
impact of the vitamin on various new strains of 
virus as well.

Biochemistry of Vitamin C
 Professor (Dr.) Albert Szent Goyrgi was 
awarded the Nobel Prize for his work in separating 
vitamin C molecule from red peppers and declaring 
its role in the gum disease- Scurvy.9 Vitamin C 
serves as an essential micronutrient in our body, 
is a potent antioxidant and acts as a coenzyme in 
various enzyme regulated biochemical reactions.6            
The plethora of functions performed by vitamin 
C is due to its ability to donate electrons. Apart 
from contributing to the enhancement of immune 
system and support to various cellular activities, 
it also interferes with the entry of pathogens by 
destroying the oxidant species on the skin.14 The 
proliferation of T and B cells is also enhanced by 
vitamin C by its gene-regulating effects.14 It is 
also involved in phagocytosis, chemotaxis and 
production of antioxidant species to check the 
entry of microbes into the body.15,16     
 The vitamin is abundantly present in 
phagocytes such as neutrophils, macrophages 
and it potentiates their bactericidal role.15 It is 
also reported to have a role in apoptosis and 
removal of dead immune cells and debris from 
the site of immune response.14 It is a co-factor in 
collagen formation and catecholamine synthesis, 
and is a modulator of the immune system.15 It has 
been documented that vitamin C administration 
improves haemodynamics, organ work, and may 
also improve endurance in physically sick patients. 
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As stated earlier, apart from its anti-inflammatory 
properties, vitamin C inhibits nuclear factor 
kappa-light-chain-enhancer of activated B cells 
(NFkB), which are responsible for the activation 
of several pro-inflammatory cytokines such as 
tumor necrosis factor alpha (TNF-α), interleukin 
1 (IL-1), interleukin 6 (IL-6) and interleukin 8 
(IL-8).14 Therefore, vitamin C has a potential anti-
inflammatory activity and can be used in conditions 
like Acne Vulgaris and Rosacea.17 It can promote 
wound healing and prevent post-inflammatory 
hyperpigmentation. As expressed before, vitamin 
C hinders NFkB, which is responsible for the 
initiation of the various cytokines, for example, 
TNF-a, IL-1, IL-6 and IL-8. Therefore, vitamin 
C has a potential calming action and can be 
utilized in conditions like skin inflammation and 
Rosacea. It can advance recuperation of injury 
and forestall post-fiery hyperpigmentation.18,19 
Excessive production of oxidative stress is the 
key to severe lung injury among COVID-19 
infected patients. Disturbances in the immune 
system generate huge amount of free radicals 
responsible for wounding patients.20,21 Vitamin 
C being antioxidant works by scavenging free 
radicals from the site protecting the organ. Vitamin 
is very abundantly available in white blood cells 
and are well reported to improve phagocytosis, 
T cell maturation, cytokine production acting 
as safeguards against virus menace. While 
recently Deborah et al using Docking & molecular 
simulation procedures reported the binding of 
various other vitamins and steroid ligands to 
the newly discovered fatty acid binding sites in 
COVID-19 spike proteins.18 Simulations studies 
have depicted that dexamethasone and vitamin 
D as ligand facilitate the locked conformation of 
spike proteins thereby inhibiting the ace receptor 
binding. Docking experiments also suggest fat 
soluble vitamins (vitamin D, K and A) as very 
potential ligands for fatty acid binding sites on 
spike proteins.22 Vitamin D 3 metabolite calcitriol 
has been found to diminish viral titres in animal 
models and nasal epithelium cell line of humans. 
Obesity is one well known risk factors for COVID-19 
infection developing the severity to the level of 
death. Vitamin D level is known to be sequestered 
in adipose tissue mass among obese subjects 
leading to deficiency.22 In comparison to these fat 
soluble vitamins, entirely different approach has 

been reported by vitamin C as discussed above. 
Preventive role of vitamin C is less clear, being 
reported to pose its T and B cell differentiation 
and proliferation effect through its gene regulatory 
property.17

Vitamin C and COVID-19
 There is a wealth of literature available 
showing the role of quality nutrition in maintaining 
the immune system. The important role played 
by vitamin C in boosting immunity is well known 
and more effective in SARS-COV-2 or COVID-19.23 
To minimize infections, correction of nutritional 
regimen has been of utmost importance.  
A nutritional focus on the immune system could  
help minimize the impact of many kinds of  
infections including COVID-19. The prevailing 
global situation with COVID-19 and the number of 
people dying due to the respiratory complications 
is forcing all the public health officials to develop 
some strategy focusing on nutrition. In the current 
pandemic caused by coronavirus, vitamin C has 
been of interest to the research stalwarts in 
the fight against the disease. All over the world, 
several clinical trials are going on vitamin C to 
assess its impact on COVID-19.17-19 In one such 
study conducted in China, COVID-19 critical 
patients on ventilators were tried with intravenous 
large doses of vitamin C.23 The use of high dose 
of Vitamin C has numerous pharmacological 
characteristics: antiviral, anti-oxidant, anti-
inflammatory and immunomodulatory effects, 
and potential therapeutically good management 
of COVID-19. There were no reported adverse 
reactions with the short-term use of high dose of 
vitamin C. The current ongoing clinical trials testing 
the effect of vitamin C in management of COVID-19 
show positive results.24

Vitamin C Related to COVID-19 Infections
 Researchers around the globe are 
recommending large doses of this vitamin C in 
routine lifestyle. An Australian study was done in 
order to assess the effect of vitamin C in COVID-19 
patients, but they did not find any correlation 
of vitamin C among SARS-COV-2 patients.24 
The United States are in the process of trying 
a combination of various nutrients including 
vitamin D, zinc and hydroxychloroquine along 
with vitamin C for COVID-19 prevention.25 Current 
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health strategies include: social distancing, hand 
washing, other hygienic practices, and vaccination 
along with a complementary strategy in the form 
of nutritional supplement to boost immunity. In 
one non-randomized clinical trials among 252 
students, 85% students experienced reduction 
of influenza like symptoms with high doses of 
vitamin C.26 Another interventional randomized 
prospective clinical trial is going on among 140 
participants in Wuhan, China to see the effect of 
vitamin C infusion for treating severe COVID-19 
infected pneumonia. Estimated completion time 
of the study is September 2020 and the results 
have not been published yet.27 It is reported in the 
literature that severity and duration of common 
cold symptoms have been reduced by taking large 
doses of vitamin C.26 Various studies conducted 
on critical COVID-19 patients with vitamin C 
supplementation have given mixed results on the 
mortality rate, their intensive care unit (ICU) stay 
and on ventilator stay. Stature of vitamin C as an 
adjuvant healing agent is still in dilemma therefore 
large clinical studies are needed to be done in the 
direction so as to establish its therapeutic role.28,29 

Total 18 clinical trials have used adjuvant therapy 
of vitamin C in the treatment of COVID-19 that 
were conducted in New York, Australia, United 
States, Canada, Italy, Saudi Arabia, Iran and 
Portland.
 Intravenous administration of high doses 
of vitamin C in sepsis and septic shock acts as a pro-
oxidant for immune cells, dependent on glycolysis 
for bioenergetic function, but as an antioxidant 
for lung epithelial cells, which produce ATP by 
oxidative phosphorylation in the mitochondria. 
Furthermore, vitamin C can inhibit the production 
of lactate protecting alveolar type II epithelial 
cells. Intravenous administration of high doses 
of vitamin C may be beneficial for the patient 
with COVID-19 if the decision is made at the right 
time i.e. as early as possible after the report of 
respiratory distress, based on clinical scores and 
biomarkers of inflammation and oxidative stress. 
Activated macrophages lead to an elevated level 
of lactate, which is moved to alveolar epithelial 
cells of type II, where it is utilized to produce ATP 
and inhibits the mitochondrial signaling loci of 
viral proteins. Macrophage-discharged lactate 

Figure 1. Mechanism of action of high-dose Vitamin C in immune effector cells (Figure modified from Adnan Erol 
et al.)26
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diminishes the production of type I Interferons 
(IFN), decreasing viral clearance as shown in  
Figure 1.

Search Strategy and Selected Criteria
 This integrative literature review was 
conducted in Medical Literature Analysis and 
Retrieval System, National Library of Medicine 
(PubMed), Cochrane Library, Elsevier and China 
National Knowledge Infrastructure (CNKI). The 
databases were searched from their earliest 
records through August 2020 using the following 
keywords: COVID-19 [Coronavirus disease 
2019], Second wave COVID-19 [second wave 
Coronavirus disease 2019], SARS-CoV-2 [severe 
acute respiratory syndrome coronavirus 2], vitamin 
C, and ascorbic acid. All the records were selected 
and screened by two independent reviewers, and 
a third reviewer was consulted when there was 
any disagreement. This search included articles 
published up until 11th February 2021. The review 

was conducted according to the guidelines for 
Preferred Reporting, items for Systematic Reviews 
and Meta-Analyses (PRISMA).30,31

Search Results
 The 3 Systemic reviews (SRs) and 18 
clinical trials (CT) included assessed the effects 
of therapeutics interventions (vitamin C) for 
participants with positive COVID-19. After the 
selection process, CT & SRs were found to fulfil our 
inclusion criteria and were included in the analysis.

Study Selection
 Total 30 articles and 39 clinical trials were 
retrieved. We identified and screened 18 clinical 
trials & 25 articles, we excluded 39 unqualified 
trials on the basis of titles and abstracts, and then 
18 trials were excluded because of inappropriate 
content, while 30 were excluded for the assessment 
of inappropriate content because it did not match 
with COVID-19 disease. Finally, 3 articles,23-25,29 

Figure 2. Study selection procedure. From, 28 for more information, visit www.prisma-statement.org
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fulfilled our eligibility criteria after manual search 
and a review of full text manuscripts. The study 
selection procedure is outlined in [Figure 2].

ReSUltS

trials Search Outcomes
 Up to 11 February 2021, 18 clinical 
trials from the National Institutes of Health, the 
U.S.A Food and Drug Administration (FDA), and 
Industry (Clinical Trials.gov) clinical trials data 
were retrieved from a total of 18 clinical trials of 
first wave & second wave of COVID-19. COVID-19 
disease (SARS-COV-2), Pneumonia, acute lung 
injury are included in clinical trials. Subsequent 
screening of headings, abstracts and suspended or 
discontinued clinical trials were removed; a total 
of 17 used vitamin C or ascorbic acid alone or with 
other combinations; 7 used hydroxychloroquine, 
4 used zinc, 3 used azithromycin and vitamin 
D3 single one used vitamin B12, methylene 
blue, vitamin C, N-acetyl cysteine; folic acid; 
zinc gluconate; oral nutrition supplement (ONS) 
enriched in eicosapentaenoic acid, gamma-
linolenic acid and antioxidants. The remaining 

studies used different types of molecules or 
interventions.
 Above all, most of the trials have 
cleared ethical approval and total 18 trials of 
these  studies are still in the recruitment phase, 
2 trials are not recruiting yet, 1 trial has shown 
status of suspended enrolling by invitation and 
1 withdrawal. None of the clinical trials had yet 
been completed. In the present study, we included 
18 trials, in terms of clinical trial phases, 3 trials 
are in the post marketing surveillance (phase-4), 
4 trial are is in the testing of the drug on patients 
to assess efficacy, effectiveness and safety 
(Phase-3), 10 are testing of the drug on patients 
to assess efficacy and side effects (Phase-2), 2 
are in testing of the drug on healthy volunteers 
for safety, involves testing multiple doses (dose 
ranging) in Phase-1, 2 are in not applicable’ 
status and there are trials in phase-4 drug with 
supplements vitamin C, hydroxychloroquine and 
oral nutrition supplement (ONS) enriched with 
eicosapentaenoic acid, gamma-linolenic acid and 
antioxidants. Post-marketing studies, which are 
conducted after a treatment is approved for use 
by the Food and Drug Administration, provide 

Figure 3. A paradigm shift for Traditional Vaccine Development and Development of Outbreak paradigm COVID-19 
(Figure modified from Nicole et al.)
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additional information including the treatment 
or drug’s risks, benefits, and best use. Summaries 
of the various clinical trials studies are presented  
in Table.
 As a result of the critical circumstances 
in the treatment, anticipation and control of the 
COVID-19 infection, an inside-out exploration 
and development of effective methods of 
intervention for COVID-19 to facilitate disease 
control is fundamental. Since the COVID-19 
pandemic, a few specialists worldwide have quickly 
completed vaccine development for A paradigm 
shift for Traditional Vaccine Development and 
Development of Outbreak paradigm COVID-19 
[Figure 3].

DISCUSSION

 The current enrolled clinical trials of 
this examination aim to provide an appropriate 
status to develop the Immunomodulator vitamin 
C as an adjuvant therapy SARS-COV-2 in the first 
and second wave of Coronavirus Diseases 2019 
(COVID-19). During the time of an epidemic when 
human-to-human transmission is built up and 
announced case numbers are rising exponentially, 
presently forecasting are of urgent significance for 
general wellbeing and control. 
 Still poorly understood, there is no 
recognized effective treatment for SARS-CoV-2. 
The genetic material of SARS-CoV-2 virus comprise 
a segment of ribonucleic corrosive (RNA) inside 
a circular protein capsule that is covered in 
spikes. The viral spike (S) protein, has a important 
function in the viral infectivity, although, different 
examinations seriously focused around other 
viral proteins, for example, the nucleocapsid (N) 
protein, envelope (E) protein, and non-structural 
protein 16 (NSP16) has likewise been discussed. 
In any case, the utility of live attenuated vaccines 
is restricted right now of the risks of reversion 
or repair. Most of the reports demonstrate the 
intervention of clinical trials access on 11 February 
2021, 18 clinical trials, out of which 8 are in current 
status are 4 are recruiting preliminaries; Davis., 
reported vitamin C 1000 mg orally daily is proven 
COVID-19 intervention.31-34 4 preliminary in stage 
3 phase Ahmed Reported vitamin C 50 mg/kg of 
weight administered intravenously every 6 hours 

for 96 hours (16 doses), 7 preliminary in stage 2 
phase, as shown in Table. Various investigations 
demonstrated that ascorbic acid(vitamin C) 
decidedly influences the turn of events and 
development of T-lymphocytes, specifically NK 
(natural Killer) cells engaged with the immune 
reaction to viral agents.35-37 It also contributes 
to the inhibition of ROS production and to the 
remodulation of the cytokine network typical of 
systemic inflammatory syndrome.38-40 Corrao et 
al.,41 refers the observer to a current continuing 
clinical trail have demonstrated the effectiveness 
of vitamin C administration in terms of reducing 
mortality, in patients with sepsis hospitalized in 
intensive care wards.
 Past examination has demonstrated that 
high doses of intravenous vitamin C (HDIVC) may 
help patients with sepsis, adverse lung injury (ALI), 
and the intense respiratory distress condition 
(ARDS). In any case, it isn't known whether early 
intervention of HDIVC could forestall development 
to ARDS. Davis, Current examination, phase IV 
has reported HDIVC would diminish the danger 
of respiratory distress requiring mechanical 
ventilation and improvement of ARDS alongside 
decrease in supplemental oxygen demand and 
inflammatory markers.31 There is a Phase II 
interventional study testing whether treatment 
with hydroxychloroquine, Vitamin C, Vitamin D, 
and Zinc can prevent symptoms of COVID-19.36-40

 Previous studies have reported is 41 
patients with SARI at first demonstrated that 13 
patients were moved into the ICU, of which 11 
(85%) had ARDS and 3 (23%) had stun. Of these, 
10 (77%) required mechanical ventilation backing, 
and 2 (15%) required ECMO support of the over 13 
patients, 5 (38%) in the long run passed on and 7 
(38%) were moved out of the ICU. Viral pneumonia 
is a dangerous condition with a poor clinical 
prognosis. For most viral infection, there is a lack 
of effective targeted antiviral medications, and 
symptomatic supportive treatment is as yet the 
current main treatment. Peng et al., has reported 
phase 2 stage, vitamin C infusion can help improve 
the prognosis of patients with treatment of severe 
2019-nCoV infected pneumonia administered with 
an intervention of 2 gram Vitamin C with sterile 
water for injection; total volume: 50ml. 12ml/
hour.30-33 Biome42 reported a randomized, double-
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blind, placebo-controlled phase II interventional 
study that tests the efficacy of quintuple therapy 
(Hydroxychloroquine, Azithromycin, Vitamin 
C, Vitamin D, and Zinc) in the treatment of 
patients with COVID-19 infection. Continuous 
detrimental changes in COVID-19 genome through 
vigorous mutations, understanding the severity, 
effectiveness of measures, immune responses, 
newer diagnosing ways and knowing other relevant 
characteristics of VOC have become big challenge. 
Enhancement of surveillance and sequencing 
techniques are fewer strategies available to better 
understand various variants. Definitely continuous 
revaluation of vitamin C potential as preventive 
immunomodulator is required against these VOCs 
through well designed clinical trials.

CONClUSION

 Keeping in mind the current situation 
of second wave of COVID-19 pandemic, 
Supplementation of vitamin C is required to 
strengthen immunity as adjuvant therapeutic 
substances for severely infected or asymptomatic 
subjects. Development of any new antiviral drug or 
an efficacious vaccine is almost done. Countries all 
over the world are working hard to explore some 
treatment or immunization. Vitamin C and other 
antioxidants are among the currently available 
agents to mitigate COVID-19 associated acute 
respiratory distress syndrome (ARDS). Although 
the findings of this trial will be too late for the many 
thousands of people currently infected with the 
virus. Though outcome of studies will nevertheless 
provide valuable information regarding its 
potential to mitigate a number of symptoms and 
will be of utmost concern in such types of future 
viral outbreaks. Obviously, well-designed clinical 
studies are absolutely  needed to develop standard 
protocols for bedside use. Vitamin C intake appears 
to be able to both; prevent and treat respiratory 
and systemic infections. In many treatment plans, 
significantly higher doses of vitamin C have been 
suggested to treat established infections. Looking 
at the beneficial effects of vitamin C, the public 
health officials should also set a clear guidelines 
for nutritional recommendations along with 
disseminating knowledge to the masses about 

handwashing, use of masks and other COVID-19 
protocols.
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