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It is always easier to stop something happening in the fi rst 
place than to mend the damage aft er it has happened. With this 
contemplation, almost 500 years before, a Dutch philosopher 
Desiderius Erasmus (1466-1536) rightly quoted a phrase that 
“Prevention is better than cure”. Now this is utmost demand of the 
present time, when specifi c vaccines or treatments for Corona Virus 
Disease-2019 (COVID-19) are not available, then its prevention 
by any means becomes indispensable. It is because outbreak of 
COVID-19 (declared as pandemic by the WHO on March 11, 2020 
[1]) has enormous adverse impact on global public health, social 
stability, and economic development. Th erefore, considering its 
mode of transmission and virulence, preventive measures taken are: 
washing hands using soap solution or an alcohol based rub frequently; 
not touching eyes, noses, mouth and faces; maintain social distancing 
(1 meter or 2 yards or 6 feet); and using clean mask. However, all 
of these are physical means of external protection and dependent 
on socio-economic, educational status and vigilant nature of every 
individual. Th erefore, attempts of protection may vary from subject 
to subject, leading to diff erences in degree of proneness to Corona 
infection. Th erefore, an idea of boosting/strengthening an internal 
defence system i.e., immune system becomes a matter of paramount 
importance and would provide an added advantage in protection  
from  Severe  Acute  Respiratory  Syndrome  Corona  Virus-2  
(SARS-CoV-2) or β-Coronavirus (named by the International Virus 
Classifi cation Commission), a causative agent of COVID-19.

PANORAMIC VIEW ON THE IMMUNE 
SYSTEM

We are naturally gift ed with the defensive immune system. 
Since the time of birth, we live in such a hostile environment that 
our bodies are constantly bombarded by microbes/ pathogens whose 
sole purpose is to live and replicate in a warm, moist, and nutrient-
rich environment. Of course, all microbes are not harmful such as 
microfl ora of gastrointestinal tract have a symbiotic relationship with 
us [2]. However, many microbes which are pathogenic survive and 
multiply by using highly specialized mechanisms that enable them to 
infi ltrate the body, and fi nd nutrition within to reproduce, then exit 
and spread to a new host. Th ese processes generate clinical symptoms 
of disease and if remained untreated becomes fatal. Th erefore, 
to combat such pathogens, our immune system is equipped with 
physical and biochemical barriers, specialized immune cells, and 
antibodies that specifi cally target the pathogen [3]. Briefl y, initial 
onslaught by pathogens or damage by foreign bodies is challenged by 
the innate immune system. Physical barriers such as the skin, body 
hair and mucus membranes help to prevent entry into the body. If 
these are circumvented (overcome), biochemical mechanisms quickly 
identify any “non-self” molecules and destroy and eliminate the 
threat via myriad immune cells [e.g., leukocytes such as neutrophils, 
macrophages, Natural Killer (NK) cells] and cytokines (involved in 
cell signaling), then repair any damage. Specifi c invading agents, such 
as pathogens and foreign tissues have been found to activate slower 
adaptive immune functions that utilize T and B cells. Th ese recognize 
specifi c antigens on the invading microbe and form antibodies against 
it, which either enable identifi cation for attack by other immune cells 
or neutralize the pathogen directly. To accomplish this successfully, 
every stage of this immune response is reliant on the presence of certain 
micronutrients viz., vitamins A, C, D, E, B6, and B12, folate, copper, 
iron, selenium, and zinc. Th ese micronutrients play a very crucial 
and synergistic role at every step of the immune response. Although, 
these micronutrients are very vital for the proper functioning of the 

immune system, however, present ‘mini review cum opinion article’ 
only retrospects the roles of vitamin C (L-Ascorbic acid) in proper 
functioning of the immune system because of ubiquitous availability 
of vitamin C through fruits (viz., gooseberry, lemon, oranges, guava 
etc.), vegetables and its easy accessibility to masses through dietary 
intake. Vitamin C is traditionally considered as a dietary supplement. 
It is not synthesised in the body. Th erefore, its dietary intake is the 
only solution for vitamin C dependent physiological functions. Th us, 
strengthening immune system through adequate intake of vitamin C 
has plausibility of preventing spread of COVID-19 infection. 

ESTABLISHED ROLES OF VITAMIN C IN 
IMMUNITY

Th e symptoms of a disease Scurvy was fi rst recorded by Egyptians 
as early as 1550 BCE. Th e Scurvy was characterized by impaired 
functioning of the immune system due to vitamin C defi ciency. 
James Lind, a Scottish Surgeon in the Royal Navy (1753) published 
fi rst clinical trial by feeding diff erent diets to groups of men suff ering 
from scurvy and noted that those who consumed citrus fruit made 
the most remarkable recovery [4]. Since then, it has been established 
that vitamin C is one of the micronutrients which is also essential 
to the immune system, and have synergistic roles based on their 
complementary mode of action [5]. It is well established that Vit. C 
has pleiotropic roles in empowering and strengthening the function 
of the immune system [6-9]. Th e foremost layers of innate immune 
system include physical barriers (e.g. skin, eye lashes, body hair, GIT, 
respiratory tract, nasopharynx, cilia) and biochemical barriers (bile, 
gastric acid, saliva, mucus, sweat, tears). Maintenance of structural 
and functional integrity of mucosal cells in innate barriers (e.g., skin, 
respiratory tract) is dependent on vitamin C [6-9]. Vitamin C promotes 
collagen synthesis and protects cell membranes from damage caused 
by free radicals, thus supports integrity of epithelial barriers [8]; 
enhances keratinocyte diff erentiation and lipid synthesis as well as 
fi broblast proliferation and migration [10]. As far as diff erentiation, 
proliferation, functioning, and movement of innate immune cells 
are concerned, Vitamin C is involved in proliferation, function, and 
movement of neutrophils, monocytes, phagocytes [11]; maintains 
or enhances NK cell activities and chemotaxis [8,11-13]; enhances 
phagocytosis and Reactive Oxygen Species (ROS) generation; involves 
in apoptosis and clearance of spent neutrophils from sites of infection 
by macrophages [10]; attenuates extracellular trap formation, thus 
reduces associated tissue damage [14]. High levels of vitamin C have 
been observed to improve antimicrobial eff ects [10]; increases serum 
levels of complement proteins [7]; and has role in IFN-γ production 
[10,12]. It has infl ammatory and antioxidant eff ects. It maintains 
redox homeostasis within cells, protects from ROS and Reactive 
Nitrogen Species (RNS) during oxidative burst [8]; regenerates 
other important antioxidants, such as glutathione and vitamin E, to 
their active state [15]; modulates cytokine production and decreases 
histamine levels [10]. In case of adaptive immunity, Vitamin C plays 
roles in production, diff erentiation, and proliferation of T cells, 
particularly cytotoxic T cells (CD8+ T cells) [10,12]. As far as antibody 
production and development is concerned, Vitamin C also promotes 
proliferation of lymphocytes, resulting in increased generation of 
antibodies [10].     

Impact of Vitamin C defi ciency and supplementation on 
immune functions have been also studied. It’s defi ciency increases 
oxidative damage [16], decreases Delayed-type hypersensitivity 
(DTH) response [17], and impairs wound healing [10]. Its defi ciency 
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diminishes resistance to infections [8,10,17] and thereby increase 
incidence and severity of Pneumonia and other infections [16,18]. 
Supplementation of high dose of Vit. C stimulates phagocytic and 
T-lymphocytic activity [8]. Antioxidant properties of vitamin C 
protect leukocytes and lymphocytes from oxidative stress [7], and 
enhances neutrophil chemotaxis [19,20]. 

ROLES OF VITAMIN C IN PLAUSIBLE IMMUNE 
RESPONSE AGAINST COVID-19 INFECTION 

Th e immune response to β-Coronavirus is not yet elucidated. 
However, previous studies on SARS-CoV and MERS-CoV (Middle 
East Respiratory Syndrome-Corona Virus) have helped predict an 
immune response against it [21-23]. Figure 1 depicts some sites of 
action of vitamin C in the predicted host immune response against 
β-Coronavirus. 

Rapid production of Interferons (IFNs) and pro-infl ammatory 
cytokines is an important consequence of  virus  detection, as it 
contributes to an antiviral state in both the infected host cell and the 
uninfected surrounding cells. Generally, all viral infections (as well 
bacterial infections) cause release of infl ammatory mediators leading 
to cytokine storm. Similarly, the COVID-19 infection may also lead 
to cytokine storm (Figure-1). Cytokines released by infected cells 
modulate the adaptive immune response by recruiting and activating 
immune cells such as macrophages, B-cells and T-cells to orchestrate 
the elimination of the virus. However, an unbalanced immune 
response can lead to hyper-infl ammation causing some of the severe 
clinical symptoms of COVID-19 (Figure-1). Moreover, cytokine 
storm results in increased oxidative stress causing subsequent 
immunogenic damage, especially damage to the endothelium and 
alveolar membrane in the lungs [24-27]. Th us, oxidative stress-

induced injury in cells and tissues can be prevented by activation 
of nuclear factor erythroid 2 (nfe2)-related factor 2 (nrf2), a major 
regulator of Antioxidant Response Element (ARE). Th e nrf2-driven 
ARE causes cytoprotective protein expression leading to repairing of 
damaged cells/ tissues. Th is whole process is dependent on vitamin 
C because it’s an important component of the cellular antioxidant 
system. Th erefore, vitamin C is benefi cial to critical care management 
[28, 29]. Th e critical care of patients becomes feasible only through 
high-dose of vitamin C.

REPORTS OF CLINICAL STUDIES USING 
HIGH-DOSE OF VITAMIN C

High-dose of vitamin C has been clinically used for several 
decades. It has been proven to be therapeutically safe in critical care 
medicine [30-34]. High-dose vitamin C therapy lacks a universal 
defi nition. A previous meta-analysis considered high doses as equal 
to or greater than 10 g/day [35]. Nevertheless, the prophylactic dose 
of vitamin C for disease prevention is not yet determined. Recently, 
National Institutes of Health (NIH), USA experts demonstrated 
clearly that the regimen of 1.5 g vitamin C/kg body weight is safe and 
without signifi cant adverse side-eff ects. To our knowledge, there are 
some clinical trials exploring high-dose vitamin C in immunotherapy 
[36]. 

Involvement of vitamin C in reducing the risk of common cold 
has long been studied. Recent studies have demonstrated that vitamin 
C supplementation (≥0.2 g/day, or therapeutic doses of 4-8 g/day) in 
children and adults with a common cold have signifi cantly reduced 
its duration and severity [37, 38]. 

Role of vit. C in the management of acute infections are also 
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Figure 1: Schematic presentation of site of action of Vitamin C on plausible host immune response against β-Coronavirus.   
As soon as, β-Coronavirus enters into the alveolar epithelium, it is recognized by innate immune system. The virus seem to have similar cell entry mechanisms 
as of SARS-CoV and MERS-CoV. Upon immune recognition, viral protein and genome (RNA) undergo molecular processing and results into production of pro-
infl ammatory cytokines (e.g. IL-1β, IL-6 and TNF-α) and type-I Interferons (IFN-α and IFN-β). Innate immune detection of viral RNA establishes an antiviral state. 
The anti-viral activity of type-I Interferons is necessary in limiting the propagation of the virus and is further amplifi ed by the expression of several Interferon-
Stimulated Genes (ISGs) such as RNAse L. Moreover, cytokines released by infected cells modulate the adaptive immune system by recruiting and activating 
immune cells viz., macrophages, B-lymphocytes and T-lymphocytes to eliminate the virus. In addition to this, an unbalanced immune response has the propensity 
to induce hyper-infl ammation in the lungs of severe COVID-19 patients. The blue asterisk (*) marks denote some of the sites of action of vitamin C in this immune 
cascade. 
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reported. A signifi cant reduction in the infection risk and duration 
of Pneumonia has been reported aft er vitamin C supplementation in 
children and adults, particularly when their dietary intake was low. 
In older people with Pneumonia, vitamin C has been observed to 
signifi cantly reduce the severity of disease and mortality rate [39]. 

A High-Dose of Intravenous Vitamin C (HIVC) was proven to 
block several key components of cytokine storms, and HIVC showed 
safety and varying degrees of effi  cacy in clinical trials conducted on 
patients with bacterial-induced sepsis and Acute Respiratory Distress 
Syndrome (ARDS) [29]. It has been observed that HIVC infusion 
(daily 4-doses of 200 mg/kg body weight) helped severely ill patients 
in Intensive Care Unit (ICU), so they recovered more quickly. 
Additionally, oral vitamin C (6 g daily) was also found to reduce viral 
infection risk [28, 40].

Recently conducted randomized clinical trial in the USA 
demonstrated reduction in the mortality of the patients with sepsis-
related ARDS upon intravenous administration of ~15 g vitamin 
C daily for 4 days [41, 42]. In addition to this, a clinical trial was 
conducted in Wuhan city, China by applying HIVC (a dose of 24 g 
daily for 7 days) to treat patients with severe COVID-19 pneumonia 
[29]. Its elaborate results are expected soon. Moreover, reports of 
some more ongoing clinical trials are yet to be received in which 
patients with moderate to severe COVID-19 have been treated with 
varied high-doses of Vitamin C. 

CONCLUSION
Considering the established immunosupportive and 

immunomodulatory properties of vitamin C, there seems assured 
protection against COVID-19 infection, if its dietary intake is 
maintained adequately (at least 100-200 mg vitamin C daily). 
Moreover, a better design of human clinical trial studies addressing 
dosage of vitamin C and combinations of other micronutrients 
in diff erent proportions and in diff erent populations are required 
to substantiate the benefi ts of vitamin C supplementation against 
COVID-19 infection. Several measures for prevention taken 
simultaneously can certainly help prevent COVID-19 spread. 
Th erefore, it can be unequivocally concluded and suggested that 
COVID-19 prevention using vitamin C is plausible. 

ACKNOWLEDGEMENT
Th e intellectual support from Dr. Meeta Kumari, Department 

of Home Science, Patna University, Patna, Bihar, India is greatly 
acknowledged.

REFERENCES
1. WHO Director-General’s opening remarks at the media briefi ng on 

COVID-19”. World Health Organization (WHO). 11 March 2020.  

2. McFall-Ngai M, Hadfi eld MG, Bosch TC, Carey HV, Domazet-Lošo T, Douglas 
AE, Dubilier N, Eberl G, Fukami T, Gilbert SF, Hentschel U, King N, Kjelleberg S, 
Knoll AH, Kremer N, Mazmanian SK, Metcalf JL, Nealson K, Pierce NE, Rawls 
JF, Reid A, Ruby EG, Rumpho M, Sanders JG, Tautz D, Wernegreen JJ. Animals 
in a bacterial world, a new imperative for the life sciences. Proc Natl Acad Sci 
U S A. 2013 Feb 26;110(9):3229-3236. doi: 10.1073/pnas.1218525110. Epub 
2013 Feb 7. PMID: 23391737; PMCID: PMC3587249.

3. Maggini S, Pierre A, Calder PC. Immune Function and Micronutrient 
Requirements Change over the Life Course. Nutrients. 2018 Oct 
17;10(10):1531. doi: 10.3390/nu10101531. PMID: 30336639; PMCID: 
PMC6212925.

4. Bartholomew M. James Lind’s Treatise of the Scurvy (1753). Postgrad Med J. 
2002 Nov;78(925):695-696. doi: 10.1136/pmj.78.925.695. PMID: 12496338; 
PMCID: PMC1742547.

5. Gombart AF, Pierre A, Maggini S. A Review of Micronutrients and the Immune 
System-Working in Harmony to Reduce the Risk of Infection. Nutrients. 2020 
Jan 16;12(1):236. doi: 10.3390/nu12010236. PMID: 31963293; PMCID: 
PMC7019735.

6. Maggini S, Pierre A, Calder PC. Immune Function and Micronutrient 
Requirements Change over the Life Course. Nutrients. 2018 Oct 
17;10(10):1531. doi: 10.3390/nu10101531. PMID: 30336639; PMCID: 
PMC6212925.

7. Micronutrient Information Center. Immunity in Depth. Linus Pauling Institute. 
2016. Available online: http://lpi.oregonstate.edu/mic/health-disease/
immunity.

8. Maggini S, Beveridge S, Sorbara JP, Senatore G. Feeding the immune system: 
The role of micronutrients in restoring resistance to infections. CAB Rev. 
2008;3:1–21. 

9. Maggini S, Wintergerst ES, Beveridge S, Hornig DH. Selected vitamins and 
trace elements support immune function by strengthening epithelial barriers 
and cellular and humoral immune responses. Br J Nutr. 2007 Oct;98 Suppl 
1:S29-35. doi: 10.1017/S0007114507832971. PMID: 17922955.

10. Carr AC, Maggini S. Vitamin C and Immune Function. Nutrients. 2017 
Nov 3;9(11):1211. doi: 10.3390/nu9111211. PMID: 29099763; PMCID: 
PMC5707683.

11. Maggini S, Pierre A, Calder PC. Immune Function and Micronutrient 
Requirements Change over the Life Course. Nutrients. 2018 Oct 
17;10(10):1531. doi: 10.3390/nu10101531. PMID: 30336639; PMCID: 
PMC6212925.

12. Haryanto B, Suksmasari T, Wintergerst E, Maggini S. Multivitamin 
supplementation supports immune function and ameliorates conditions 
triggered by reduced air quality. Vitam. Miner. 2015;4:1–15.

13. Wu D, Lewis ED, Pae M, Meydani SN. Nutritional Modulation of Immune 
Function: Analysis of Evidence, Mechanisms, and Clinical Relevance. Front 
Immunol. 2019 Jan 15;9:3160. doi: 10.3389/fi mmu.2018.03160. PMID: 
30697214; PMCID: PMC6340979.

14. Bozonet SM, Carr AC. The Role of Physiological Vitamin C Concentrations 
on Key Functions of Neutrophils Isolated from Healthy Individuals. Nutrients. 
2019 Jun 17;11(6):1363. doi: 10.3390/nu11061363. PMID: 31212992; 
PMCID: PMC6627200.

15. Wintergerst ES, Maggini S, Hornig DH. Immune-enhancing role of vitamin C 
and zinc and effect on clinical conditions. Ann Nutr Metab. 2006;50(2):85-94. 
doi: 10.1159/000090495. Epub 2005 Dec 21. PMID: 16373990.

16. Hemilä H. Vitamin C and Infections. Nutrients. 2017 Mar 29;9(4):339. doi: 
10.3390/nu9040339. PMID: 28353648; PMCID: PMC5409678.

17. Calder P, Prescott S, Caplan M. Scientifi c Review: The Role of Nutrients in 
Immune Function of Infants and Young Children Emerging Evidence for Long-
Chain Polyunsaturated Fatty Acids; Mead Johnson & Company: Glenview, IL, 
USA, 2007.

18. Prentice S. They Are What You Eat: Can Nutritional Factors during Gestation 
and Early Infancy Modulate the Neonatal Immune Response? Front Immunol. 
2017 Nov 28;8:1641. doi: 10.3389/fi mmu.2017.01641. PMID: 29234319; 
PMCID: PMC5712338.

19. Anderson R, Oosthuizen R, Maritz R, Theron A, Van Rensburg AJ. The effects 
of increasing weekly doses of ascorbate on certain cellular and humoral 
immune functions in normal volunteers. Am J Clin Nutr. 1980 Jan;33(1):71-6. 
doi: 10.1093/ajcn/33.1.71. PMID: 7355784.

20. Pehlivan Fadime E. Vitamin C: An Antioxidant Agent. DOI: 10.5772/
intechopen.69660.

21. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, 
Schiergens TS, Herrler G, Wu NH, Nitsche A, Müller MA, Drosten C, Pöhlmann 
S. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by 
a Clinically Proven Protease Inhibitor. Cell. 2020 Apr 16;181(2):271-280.e8. 
doi: 10.1016/j.cell.2020.02.052. Epub 2020 Mar 5. PMID: 32142651; PMCID: 
PMC7102627.



SCIRES Literature - Volume 2 Issue 1 - www.scireslit.com Page - 052

American Journal of Clinical Anatomy & Physiology

22. Prompetchara E, Ketloy C, Palaga T. Immune responses in COVID-19 and 
potential vaccines: Lessons learned from SARS and MERS epidemic. Asian 
Pac J Allergy Immunol. 2020 Mar;38(1):1-9. doi: 10.12932/AP-200220-0772. 
PMID: 32105090.

23. Lim YX, Ng YL, Tam JP, Liu DX. Human Coronaviruses: A Review of Virus-Host 
Interactions. Diseases. 2016 Jul 25;4(3):26. doi: 10.3390/diseases4030026. 
PMID: 28933406; PMCID: PMC5456285. 

24. Channappanavar R, Perlman S. Pathogenic human coronavirus infections: 
causes and consequences of cytokine storm and immunopathology. Semin 
Immunopathol. 2017 Jul;39(5):529-539. doi: 10.1007/s00281-017-0629-x. 
Epub 2017 May 2. PMID: 28466096; PMCID: PMC7079893.

25. Wan S, Yi Q, Fan S. Characteristics of lymphocyte subsets and cytokines in 
peripheral blood of 123 hospitalized patients with 2019 novel coronavirus 
pneumonia (NCp). medRxiv 2020. 

26. Zhou Y, Fu B, Zheng X. Aberrant pathogenic GM- CSF+ T cells and infl ammatory 
CD14+ CD16+ monocytes in severe pulmonary syndrome patients of a new 
coronavirus. bioRxiv 2020. 

27. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L, Tai 
Y, Bai C, Gao T, Song J, Xia P, Dong J, Zhao J, Wang FS. Pathological fi ndings 
of COVID-19 associated with acute respiratory distress syndrome. Lancet 
Respir Med. 2020 Apr;8(4):420-422. doi: 10.1016/S2213-2600(20)30076-X. 
Epub 2020 Feb 18. Erratum in: Lancet Respir Med. 2020 Feb 25;: PMID: 
32085846; PMCID: PMC7164771. 

28. Cheepsattayakorn Attapon,  Cheepsattayakorn R. Preventing and Treating 
COVID-19 by Intravenous High-Dose and Supplementation of Vitamin C : A 
Promising Therapeutic Option. Medicine and Science Research, 2020, Vol. 
1, Issue 1, p 1-1.

29. Liu F, Zhu Y, Zhang J, Li Y, Peng Z. Intravenous high-dose vitamin C for the 
treatment of severe COVID-19: study protocol for a multicentre randomised 
controlled trial. BMJ Open. 2020 Jul 8;10(7):e039519. doi: 10.1136/
bmjopen-2020-039519. PMID: 32641343; PMCID: PMC7348463. 

30. Hemilä H, Chalker E. Vitamin C Can Shorten the Length of Stay in the ICU: A 
Meta-Analysis. Nutrients. 2019 Mar 27;11(4):708. doi: 10.3390/nu11040708. 
PMID: 30934660; PMCID: PMC6521194. 

31. Hemilä H, Chalker E. Vitamin C may reduce the duration of mechanical 
ventilation in critically ill patients: a meta-regression analysis. J Intensive 
Care. 2020 Feb 7;8:15. doi: 10.1186/s40560-020-0432-y. PMID: 32047636; 
PMCID: PMC7006137. 

32. Fowler AA 3rd, Syed AA, Knowlson S, Sculthorpe R, Farthing D, DeWilde C, 
Farthing CA, Larus TL, Martin E, Brophy DF, Gupta S; Medical Respiratory 
Intensive Care Unit Nursing, Fisher BJ, Natarajan R. Phase I safety trial of 
intravenous ascorbic acid in patients with severe sepsis. J Transl Med. 2014 
Jan 31;12:32. doi: 10.1186/1479-5876-12-32. PMID: 24484547; PMCID: 
PMC3937164. 

33. Fowler AA 3rd, Truwit JD, Hite RD, Morris PE, DeWilde C, Priday A, Fisher B, 
Thacker LR 2nd, Natarajan R, Brophy DF, Sculthorpe R, Nanchal R, Syed A, 

Sturgill J, Martin GS, Sevransky J, Kashiouris M, Hamman S, Egan KF, Hastings 
A, Spencer W, Tench S, Mehkri O, Bindas J, Duggal A, Graf J, Zellner S, Yanny 
L, McPolin C, Hollrith T, Kramer D, Ojielo C, Damm T, Cassity E, Wieliczko A, 
Halquist M. Effect of Vitamin C Infusion on Organ Failure and Biomarkers of 
Infl ammation and Vascular Injury in Patients With Sepsis and Severe Acute 
Respiratory Failure: The CITRIS-ALI Randomized Clinical Trial. JAMA. 2019 
Oct 1;322(13):1261-1270. doi: 10.1001/jama.2019.11825. Erratum in: JAMA. 
2020 Jan 28;323(4):379. PMID: 31573637; PMCID: PMC6777268. 

34. Fowler Iii AA, Kim C, Lepler L, Malhotra R, Debesa O, Natarajan R, Fisher BJ, 
Syed A, DeWilde C, Priday A, Kasirajan V. Intravenous vitamin C as adjunctive 
therapy for enterovirus/rhinovirus induced acute respiratory distress 
syndrome. World J Crit Care Med. 2017 Feb 4;6(1):85-90. doi: 10.5492/
wjccm.v6.i1.85. PMID: 28224112; PMCID: PMC5295174.

35. Wang Y, Lin H, Lin BW, Lin JD. Effects of different ascorbic acid doses on the 
mortality of critically ill patients: a meta-analysis. Ann Intensive Care. 2019 
May 20;9(1):58. doi: 10.1186/s13613-019-0532-9. PMID: 31111241; PMCID: 
PMC6527630.

36. Tu YF, Chien CS, Yarmishyn AA, Lin YY, Luo YH, Lin YT, Lai WY, Yang DM, 
Chou SJ, Yang YP, Wang ML, Chiou SH. A Review of SARS-CoV-2 and the 
Ongoing Clinical Trials. Int J Mol Sci. 2020 Apr 10;21(7):2657. doi: 10.3390/
ijms21072657. PMID: 32290293; PMCID: PMC7177898.

37. Hemilä H, Chalker E. Vitamin C for preventing and treating the common 
cold. Cochrane Database Syst Rev. 2013 Jan 31;(1):CD000980. doi: 
10.1002/14651858.CD000980.pub4. PMID: 23440782.

38. Ran L, Zhao W, Wang J, Wang H, Zhao Y, Tseng Y, Bu H. Extra Dose of 
Vitamin C Based on a Daily Supplementation Shortens the Common Cold: 
A Meta-Analysis of 9 Randomized Controlled Trials. Biomed Res Int. 2018 
Jul 5;2018:1837634. doi: 10.1155/2018/1837634. PMID: 30069463; PMCID: 
PMC6057395.

39. Hemilä H, Louhiala P. Vitamin C for preventing and treating pneumonia. 
Cochrane Database Syst Rev. 2013 Aug 8;(8):CD005532. doi: 
10.1002/14651858.CD005532.pub3. PMID: 23925826.

40. Hemilä H, Chalker E. Vitamin C Can Shorten the Length of Stay in the ICU: A 
Meta-Analysis. Nutrients. 2019 Mar 27;11(4):708. doi: 10.3390/nu11040708. 
PMID: 30934660; PMCID: PMC6521194.

41. Fowler AA 3rd, Truwit JD, Hite RD, Morris PE, DeWilde C, Priday A, Fisher B, 
Thacker LR 2nd, Natarajan R, Brophy DF, Sculthorpe R, Nanchal R, Syed A, 
Sturgill J, Martin GS, Sevransky J, Kashiouris M, Hamman S, Egan KF, Hastings 
A, Spencer W, Tench S, Mehkri O, Bindas J, Duggal A, Graf J, Zellner S, Yanny 
L, McPolin C, Hollrith T, Kramer D, Ojielo C, Damm T, Cassity E, Wieliczko A, 
Halquist M. Effect of Vitamin C Infusion on Organ Failure and Biomarkers of 
Infl ammation and Vascular Injury in Patients With Sepsis and Severe Acute 
Respiratory Failure: The CITRIS-ALI Randomized Clinical Trial. JAMA. 2019 
Oct 1;322(13):1261-1270. doi: 10.1001/jama.2019.11825. Erratum in: JAMA. 
2020 Jan 28;323(4):379. PMID: 31573637; PMCID: PMC6777268.

42. Attapon Cheepsattayakorn., et al. “Intravenous High-Dose and 
Supplementation of Vitamin C Can Effectively Prevent and Treat COVID-19?”. 
Acta Scientifi c Pharmaceutical Sciences. 2020;1-2.


