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Abstract

Introduction:

Vitamin C, ascorbic acid, is an essential water-soluble nutrient. Vitamin C has important anti-
inflammatory, immunomodulating, antioxidant, antithrombotic and antiviral properties. The
role of vitamin C in preventing and treating the upper respiratory tract infections has been
controversial since the dual Nobel laureate Linus Pauling published a book in 1970 claiming
that vitamin C prevents and alleviates symptoms of common cold.

Aim of the study:

The aim of our study was to evaluate the efficacy of vitamin C administration during viral
infections in the adult population.

Brief description of the state of knowledge:

In the analyzed studies, vitamin C supplementation has been found to play a role in respiratory
defense mechanisms for specific groups of patients with upper respiratory tract infections.
While there is some promise in the use of vitamin C for the treatment of COVID-19, current
evidence for its efficacy in pneumonia is weak, but vitamin C may still have a place in treatment,
particularly for patients with low levels of the vitamin. Additional research is necessary to
determine the efficacy of administering vitamin C for the treatment of pneumonia, the common
cold, and COVID-19.

Conclusions:

The available evidence from the studies does not provide clear proof of the efficacy of vitamin
C supplementation in preventing or treating viral infections such as the common cold, COVID-
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19 or pneumonia. Further studies, particularly randomized clinical trials, are necessary to
demonstrate its effectiveness in specific viral infections. The current evidence is insufficient to
recommend the use of vitamin C for preventing or treating viral infections in the general

population.

Key words: vitamin C; ascorbic acid; viral infections; common cold; COVID-19; pneumonia

Introduction

Vitamin C, also known as ascorbic acid, is an essential nutrient found in the body in its reduced
form (ascorbic acid) or in its oxidized form called dehydroascorbic acid (DHA). Both forms are
biologically active molecules with the same vitamin activity. The discovery of vitamin C is
credited to Hungarian biochemist Albert Szent-Gyorgyi, who in 1928 demonstrated its efficacy
in preventing and treating scurvy (Latin: scorbutus - hence the name ascorbic acid "a-
scorbutus™). Ascorbic acid is not synthesised in the human body due to the lack of the necessary
enzyme for this process (L-gulonolactone oxidase). Therefore, it must be continuously supplied
to the body through food.[1] The highest amounts of ascorbic acid are found in fruits and
vegetables, especially citrus fruits, rose hips, sea buckthorn, black currant, and bell peppers.[2-
6] However, it is also present in trace amounts in animal products. Vitamin C is a water-soluble
vitamin, and the body absorbs approximately 70-80% of the dose.The absorption of vitamin C
mainly occurs in the duodenum and proximal small intestine, and its efficiency is largely
dependent on the body's physical condition.[1] Vitamin C is highly biologically active and
participates in numerous processes and transformations in the human body. Among other
functions, it has antioxidant properties, supports the biosynthesis of carnitine, collagen, and
hormones, facilitates the absorption of iron, and acts as a cofactor for mono- and dioxygenase

enzymes. [7,8]

Vitamin C is a primary antioxidant that supports anti-inflammatory processes and enhances the
immune system's function.[9] Its effectiveness in preventing and treating viral infections,
despite its widespread use in this regard, remains a subject of many studies and discussions.
The aim of this paper is to evaluate the existing literature and determine the efficacy of vitamin

C supplementation in the treatment of viral infections in adults.



Material and methods

To investigate the use of vitamin C in treating viral infections, we conducted a search on the
PubMed platform using the search term "Vitamin C Viruses'. This search returned 518 studies.
These were published between 1935 and 2023. We also searched for the phrases 'vitamin C',
‘ascorbic acid’, ‘common cold', ‘COVID-19', 'pneumonia’, ‘common cold and vitamin C',
'‘COVID-19 and vitamin C', and ‘pneumonia and vitamin C'. Our analysis focused on papers
published after 2000 that followed the principles of evidence-based medicine. On the basis of

these trials, we analysed the effects of the use of vitamin C in the treatment of viral diseases.

State of knowledge

Efficacy of vitamin C administration in viral upper respiratory tract infections in adults

Vitamin C has been proposed as a treatment for respiratory infections since its isolation in the
1920s. Its potential effects on the immune system may be explained through protection against
oxidative stress generated during infections. The concentration of endogenous vitamin C falls
rapidly with the onset of infection and tends to return to normal with the disappearance of
symptoms. Therefore, its administration may be beneficial for the recovery process. High doses
of vitamin C have been suggested to accelerate recovery from the common cold due to its

immunostimulatory properties [10, 12, 17].

The common cold is a viral upper respiratory tract infection characterized by coughing,
tiredness, fever, sore throat, and muscle pain. Symptoms typically last for a few days to no more
than three weeks. Since the common cold is typically caused by respiratory viruses, such as the
rhinovirus, antibiotics are ineffective. Therefore, other potential treatment options are of
significant public health interest. Although symptoms are usually mild, the common cold
remains a major cause of doctor visits and absenteeism from work and school in high-income

countries. [12]

Hemild and Chalker (2013) reviewed seven studies conducted between 1971 and 1988 that
analysed the therapeutic effect of vitamin C. The meta-analysis included 3,249 common cold

episodes where participants began supplementation at the onset of cold symptoms. The pooled



results of these therapeutic trials did not show a significant difference between vitamin C and

placebo, regardless of the therapeutic protocols used.

In 2013, Hemild and Chalker analysed the results of the Anderson (1974) trial [12]. Anderson
found that an 8g dose of vitamin C was more effective than a 4g dose when administered only
on the first day of illness. This suggests that rapid initiation with high doses may be essential.
The results of the Anderson and Hemild 2013 trial suggest that future therapeutic trials with
adults should use doses of at least 8 g a day, as a larger effect was observed using 8 g compared
with 4 g as a single dose. However, it is important to note that further research is needed before
practical conclusions can be drawn. The potential benefits of administering vitamin C for the
treatment of the common cold appear to be greatest when supplementation is initiated within
24 hours of symptom onset at high doses (~8 g daily) and when therapy is continued for at least

5 days.

However, Audera’'s 2001 study failed to demonstrate any therapeutic effect of mega-dose
vitamin C in reducing the duration of the common cold. In a study conducted on healthy adult
volunteers, it was found that doses of vitamin C exceeding 1 g per day, taken shortly after the
onset of a cold, did not reduce the duration or severity of cold symptoms when compared to a
vitamin C dose less than the minimum recommended daily intake (90 mg for males and 75 mg
for females, with a focus on obtaining these amounts from dietary sources such as fruits and
vegetables) [11].

Gorton and Jarvis conducted a study to investigate the efficacy of megadose Vitamin C in
preventing and relieving cold and flu symptoms. The test group was compared with a control
group [13]. The language used is clear, concise, and objective, with a formal register and precise
word choice. The text adheres to conventional structure and formatting features, including
consistent citation and footnote style. The text is grammatically correct and free from spelling
and punctuation errors. No changes in content have been made. The control group received
treatment with pain relievers and decongestants for reported symptoms, while the test group
received hourly doses of 1 g of vitamin C for the first 6 hours and then 3 times daily thereafter.
In the test group, individuals who did not report symptoms were also given 1 g doses three
times a day. This treatment protocol led to an 85% reduction in reported flu and cold symptoms

compared to the control group.



These data suggest that vitamin C supplementation contributes to respiratory defence
mechanisms. It has been suggested that the elderly, who have been shown to have a lower
concentration of vitamin C, may be more susceptible to infections than younger people.
Additionally, patients who are exposed to continuous oxidative stress, such as chronic smokers
or those exposed to heavy physical exercise and/or stress due to low temperatures, may benefit
from a moderate and continuous intake of vitamin C in relation to respiratory infections, such

as the common cold. These findings are supported by references [12, 15, 16].

Efficacy of vitamin C administration in COVID-19 in adults

Coronavirus disease 2019 (COVID-19) is a viral pneumonia caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). It was first reported in Wuhan, China in
December 2019 and has become a global pandemic (announced in March 2020 by World Health
Organization), affecting countries worldwide. Symptoms of COVID-19 typically appear within
two weeks of infection and usually resemble mild to moderate influenza-like symptoms,
including fever, fatigue, cough, and shortness of breath. According to current evidence, the
majority of infected individuals (80-90%) may experience mild symptoms or be asymptomatic,
while approximately 5% may develop pneumonia, ARDS, and multi-organ dysfunction, which
can lead to death..[20]

Due to the high morbidity and mortality rates associated with COVID-19, there has been
significant interest in potential treatment options. Although currently, there are options for
COVID-19 management, such as antiviral medications and monoclonal antibodies, which may
be effective in the treatment of COVID-19. [21] and various vaccines containing non-
replicating viral vector, protein subunits, RNA, DNA, and inactivated virus have been approved
and are available for the prevention of COVID-19[22] there is still a need for new management
and treatment options for this disease. One potential option for adjuvant treatment is the
administration of oral or intravenous vitamin C. This proposal is based on theoretical reasons
and previous experience with vitamin C in critically ill patients and patients with respiratory
infections. It is widely believed that vitamin C can aid sepsis patients in maintaining normal
lung function by improving broncho-alveolar function, alveolar fluid clearance, and reducing
neutrophil sequestration. In recent years, numerous publications have reported on the use of

vitamin C in the treatment of patients with COVID-19 in various settings.



It has been suggested that oxidative stress is one of the prominent contributors to the
pathogenicity of SARS-CoV-2. [23] It is possible that oxidative stress plays a role in the
incidence, severity, and mortality of COVID-19. This is because oxidative stress can
compromise the immune system, trigger viral replication, induce the release of pro-
inflammatory chemokines and cytokines, and result in inflammation and cell death in people
infected with COVID-19. [24] Based on this evidence, it is possible that oxidative stress plays
a role in the incidence, severity, and mortality of COVID-19. Therefore, administration of

antioxidants, such as vitamin C, may be a potential intervention to control COVID-19.

A systematic review and meta-analysis of 11 randomised controlled trials (RCTs) conducted in
April 2023 demonstrated a significant reduction in the risk of all-cause mortality in patients
with COVID-19 who received vitamin C compared to the control group. In most of the included
trials (6), vitamin C was administered intravenously at a fixed non-weight-based dose ranging
from 2 to 24 g daily for a duration of 4 to 7 days. However, it is important to await data from

large randomized trials to confirm any potential mortality benefit. [25]

A systematic review conducted in China in 2023, which included forty-four RCTs with 26,540
participants, similarly showed a significant statistical difference in mortality among COVID-
19 patients between the group treated with vitamin C and the control group. However, trial

sequential analysis suggested the need for more trials to confirm its efficacy.[26]

A meta-analysis conducted in October 2022, involving nineteen trials, demonstrated a decrease
in in-hospital mortality among COVID-19 patients treated with vitamin C. The mortality rate
in the groups with and without vitamin C supplementation was 24.1% and 33.9%, respectively.
However, this meta-analysis also revealed that COVID-19 patients treated with vitamin C had
a longer ICU stay compared to patients receiving standard therapy, with 11.1 (7.3) vs. 8.3 (4.7)
days, respectively.[27]

A 2021 retrospective study analysed data from 296 COVID-19 patients who were administered
a low-dose oral vitamin C (1 g once daily) for a median duration of 11 days. The study found
that the incidence of thrombosis was lower in the group that received vitamin C compared to
the control group (6.1% vs. 13%, respectively). However, there was no association found
between the use of low-dose vitamin C as an adjunctive therapy in COVID-19 critically ill

patients and in-hospital mortality or 30-day mortality.[28]



The 2021 retrospective cohort study evaluated 76 patients and found that high-dose vitamin C
treatment (loading dose of 6 g intravenous infusion every 12 hours on the first day, and 6 g once
for the following 4 days, n=46) improved oxygen support status compared to standard therapy
alone (n=30) (63.9% vs 36.1%, respectively) in patients with COVID-19. [29]

Based on the studies and theoretical background mentioned, the use of vitamin C as an adjuvant
treatment in COVID-19 appears promising. However, the findings are still insufficient to
warrant a change in guidelines and routine use of vitamin C in COVID-19 patients for reducing
mortality, improving thrombosis rates, or oxygenation. Further studies, particularly randomized

clinical trials, are required.

Efficacy of vitamin C administration in pneumonia in adults

Pneumonia is an acute infection of the lower respiratory tract caused by viruses, bacteria, and
fungi. The most common symptoms include cough, fever, sweats, chills, chest pain, shortness
of breath, and hemoptysis. The risk of pneumonia is highest in children and the elderly. Lower
respiratory tract infections, including pneumonia, are among the leading causes of morbidity

and mortality worldwide.

Vitamin C has been recommended for the prophylaxis and treatment of viral pneumonia since
the 1930s. Clinical observations have indicated favourable effects of vitamin C in patients.
Vitamin C plays a role in the functioning of the immune system and acts as a potent antioxidant.

It regulates the expression of pro-inflammatory modulators and alleviates oxidative stress.

Hemild and Louhiala analyzed three prophylactic studies, one of which was a randomized,
double-blind, placebo-controlled trial. All three studies showed a significant reduction in
pneumonia incidence in the group receiving vitamin C supplementation. The study also
considered two therapeutic trials involving 197 outpatients with pneumonia. Only one was
randomized, double-blind, and placebo-controlled. The study found that older individuals who
took vitamin C experienced lower mortality rates and less severe symptoms, but these benefits
were limited to the most severely ill. In the second therapeutic study, a dose-dependent
reduction in pneumonia duration was observed after administering two doses of vitamin C.
Another analyzed prophylactic study showed that a one-day administration of vitamin C did
not affect the incidence of pneumonia in severely burned patients. The studies that were



analyzed were heterogeneous, which limits their comparability. The results suggest that further
research is needed on both the prophylactic and therapeutic use of vitamin C in pneumonia,
particularly when dietary intake of vitamin C is low. The current evidence for the effectiveness
of vitamin C is weak, but therapeutic supplementation with vitamin C may be justified in
pneumonia patients with low serum vitamin C levels, as it is associated with low cost and low
risk. [30]

The Journal of Thoracic Disease published a study that found no evidence that the inclusion of
intravenous vitamin C in the treatment of patients with severe viral pneumonia improved
prognosis or reduced 28-day mortality. The study was conducted on a sample of 201 patients
who were hospitalized in the intensive care unit, of which 35 received intravenous vitamin C at
a dose of 69 per day. A limited number of patients demonstrated only a tendency to improve
survival and resolution of shock symptoms. Although the study did not find evidence of the
effectiveness of vitamin C, it emphasized the need for well-controlled, randomized trials to
demonstrate its effectiveness against viral pneumonia. Scientists do not exclude the possibility

that vitamin C may find a place in the treatment of pneumonia. [31]

In 2021, a review of studies on the impact of vitamin C supplementation on preventing and
treating pneumonia in children and adults was published. Five studies involving a total of 2655
participants were considered. Three included children under the age of five, one included
school-age children, and one included adult participants. Two studies assessed the impact of
vitamin C supplementation on preventing pneumonia, while three studies evaluated the impact
of vitamin C supplementation as part of pneumonia treatment. In the studies on pneumonia
prevention supplementation at doses of 1 g per day for 14 weeks, 2 g per day for 8 weeks, and
2 g per day for 14 weeks was used. The analyzed trials in pneumonia treatment supplemented
vitamin C as adjunctive therapy at doses of 125 mg per day and 200 mg per day until symptoms
resolved or the patient was discharged. The conclusions suggest that there is insufficient
certainty in existing evidence to reliably assess the impact of vitamin C supplementation on
preventing and treating pneumonia. Further high-quality studies are needed to evaluate the role

of vitamin C supplementation in the prevention and treatment of pneumonia. [32]



Conclusions

Analyzed studies in general cases do not clearly prove the efficacy of vitamin C
supplementation in the prevention and treatment of viral infections such as the common cold,
COVID-19 or pneumonia. However, positive results of vitamin C administration in the common
cold have been observed in specific cases, mainly among older patients or those exposed to
continuous oxidative stress. The use of vitamin C in COVID-19 treatment may lead to positive
outcomes. However, it is too early to use vitamin C in patients with COVID-19 treatment to
reduce mortality, improve thrombosis rates, or oxygenation. The current evidence for the
effectiveness of vitamin C in pneumonia is weak. Nevertheless, therapeutic supplementation
with vitamin C may be justified in patients with low serum vitamin C levels. None of the
analyzed studies, except for one meta-analysis, found any negative effects resulting from
additional vitamin C supplementation. Given the above, and the low cost of such
supplementation, it may be justified in some groups of patients to include vitamin C
administration in the treatment process. Further studies, especially randomized clinical trials,

are required to demonstrate its effectiveness in specific viral infections.

Disclosure

The authors declare that they have no financial or non-financial conflicts of interest that could
be perceived as influencing the interpretation of the research findings or the content of this

manuscript. This work was conducted independently without any external funding or support.
Author’s contribution

Conceptualization: Magdalena Koziot, Kamila Podgorniak, Aleksandra Maltgorzata

Zajkowska; Methodology: Kinga Klimczak, Marlena Cgkata, Katarzyna Lenczewska;
Software: Kinga Klimczak, Julia Piotrowska, Magdalena Koziot; Check: Karolina Btaszczak,

Joanna Skotnicka, Kamila Podgoérniak; Formal Analysis: Maria Witkowska, Marlena Cakata,

Julia Piotrowska; Investigation: Aleksandra Matgorzata Zajkowska, Katarzyna Lenczewska,

Karolina Btaszczak; Resources: Joanna Skotnicka, Maria Witkowska; Data Curation: Karolina

Blaszczak, Joanna Skotnicka; Writing - Rough Preparation: Julia Piotrowska, Kinga Klimczak,

Katarzyna Lenczewska, Maria Witkowska; Writing - Review and Editing: Magdalena Koziot,

Kamila Podgérniak, Aleksandra Matgorzata Zajkowska; Visualization: Aleksandra Matgorzata

Zajkowska, Marlena Cakata; Funding Acquisition: Not applicable

10



All authors have read and agreed with the published version of the manuscript.
Funding Statement

The authors declare that there are no conflicts of interest or financial disclosures associated with

this scientific work.

Institutional Review Board Statement
Not applicable

Informed Consent Statement

Our work did not involve direct human subject research or obtaining their consent for

participation in the study.
Data Availability Statement

As a review paper, our work does not present new data or analyses. Therefore, there are no
specific datasets or data availability to report. The information and findings presented in this
review are based on previously published studies, which can be accessed through their

respective sources as cited in the reference section.
Conflict of Interest Statement

The authors declare that there are no significant conflicts of interest associated with this

research work.

References

[1] Janda K, Kasprzak M, Wolska J. [Vitamin C-— structure, properties, occurrence and
functions]. Pomeranian J Life Sci. 2015;61(4):419-25. Polish. PMID: 29522664.

[2] Ellong, E.; Billard, C.; Adenet, S.; Rochefort, K. Polyphenols, carotenoids, vitamin C
content in tropical fruits and vegetables and impact of processing methods. Food Sci. Nutr.
2015, 6, 299-313.

11



[3] Roman, |.; Stanila, A.; Stanila, S. Bioactive compounds and antioxidant activity of Rosa

canina L. biotypes from spontaneous flora of Transylvania. Chem. Cent. J. 2013, 7, 73.

[4] Gutzeit, D.; Baleanu, G.; Winterhalter, P.; Jerz, G. Vitamin C content in sea buckthorn
berries (Hippophaé rhamnoides L. ssp. rhamnoides) and related products: A kinetic study on

storage stability and the determination of processing effects. J. Food Sci. 2008, 73, 615-620.

[5] Vagiri, M.; Ekholm, A.; Oberg, E.; Johansson, E.; Andersson, S.C.; Rumpunen, K. Phenols
and ascorbic acid in black currants (Ribes nigrum L.): Variation due to genotype, location, and
year. J. Agric. Food Chem. 2013, 61, 9298-9306.

[6] Martinez, S.; Lopez, M.; Gonzalez-Raurich, M.; Bernardo Alvarez, A. The effects of
ripening stage and processing systems on vitamin C content in sweet peppers (Capsicum
annuum L.). Int. J. Food Sci. Nutr. 2005, 56, 45-51.

[7] Dosedél M, Jirkovsky E, Macakova K, Krémova LK, Javorska L, Pourova J, Mercolini L,
Remido F, Novakova L, Mladénka P, On Behalf Of The Oemonom. Vitamin C-Sources,
Physiological Role, Kinetics, Deficiency, Use, Toxicity, and Determination. Nutrients. 2021
Feb 13;13(2):615. doi: 10.3390/nu13020615. PMID: 33668681; PMCID: PMC7918462.

[8] Lykkesfeldt J, Michels AJ, Frei B. Vitamin C. Adv Nutr. 2014 Jan 1;5(1):16-8. doi:
10.3945/an.113.005157. PMID: 24425716; PMCID: PMC3884093.

[9] Padayatty SJ, Levine M. Vitamin C: the known and the unknown and Goldilocks. Oral Dis.
2016 Sep;22(6):463-93. doi: 10.1111/0di.12446. Epub 2016 Apr 14. PMID: 26808119;
PMCID: PMC4959991.

[10] Maggini S, Beveridge S, Suter M. A Combination of High-Dose Vitamin C plus Zinc for
the Common Cold. Journal of International Medical Research. 2012;40(1):28-42.
doi:10.1177/147323001204000104

[11] Audera C, Patulny RV, Sander BH, Douglas RM. Mega-dose vitamin C in treatment of the
common cold: a randomised controlled trial. Med J Aust. 2001 Oct 1;175(7):359-62. doi:
10.5694/j.1326-5377.2001.tb143618.x. PMID: 11700812.

[12] Hemild H, Chalker E. Vitamin C for preventing and treating the common cold. Cochrane
Database Syst Rev. 2013 Jan 31;2013(1):CD000980. doi: 10.1002/14651858.CD000980.pub4.
PMID: 23440782, PMCID: PMC8078152.

12


https://doi.org/10.1177/147323001204000104

[13] Gorton HC, Jarvis K. The effectiveness of vitamin C in preventing and relieving the
symptoms of virus-induced respiratory infections. J Manipulative Physiol Ther. 1999
Oct;22(8):530-3. doi: 10.1016/s0161-4754(99)70005-9. PMID: 10543583.

[14] Holford P, Carr AC, Jovic TH, Ali SR, Whitaker IS, Marik PE, Smith AD. Vitamin C-An
Adjunctive Therapy for Respiratory Infection, Sepsis and COVID-19. Nutrients. 2020 Dec
7,12(12):3760. doi: 10.3390/nu12123760. PMID: 33297491; PMCID: PMC7762433.

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

[16] Eccles R. Common cold. Front Allergy. 2023 Jun 22;4:1224988. doi:
10.3389/falgy.2023.1224988. PMID: 37426629; PMCID: PMC10324571.

[17] Bucher A, White N. Vitamin C in the Prevention and Treatment of the Common Cold. Am
J Lifestyle Med. 2016 Feb 9;10(3):181-183. doi: 10.1177/1559827616629092. PMID:
30202272; PMCID: PMC6124957.

[18] 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.

[19] 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 findings 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

[20] Pascarella G, Strumia A, Piliego C, Bruno F, Del Buono R, Costa F, Scarlata S, Agro FE.
COVID-19 diagnosis and management. a comprehensive review. J Intern Med. 2020
Aug;288(2):192-206. doi: 10.1111/joim.13091. Epub 2020 May 13. PMID: 32348588;
PMCID: PMC7267177.

[21] Kudlay D, Svistunov A. COVID-19 Vaccines: An Overview of Different Platforms.
Bioengineering (Basel). 2022 Feb 12;9(2):72. doi: 10.3390/bioengineering9020072. PMID:
35200425; PMCID: PMC8869214.

13



[22] Foshati S, Mirjalili F, Rezazadegan M, Fakoorziba F, Amani R. Antioxidants and clinical
outcomes of patients with coronavirus disease 2019: A systematic review of observational and
interventional studies. Food Sci Nutr. 2022 Sep 2;10(12):4112-25. doi: 10.1002/fsn3.3034.
Epub ahead of print. PMID: 36245940; PMCID: PMC9538172.

[23] Cecchini R, Cecchini AL. SARS-CoV-2 infection pathogenesis is related to oxidative
stress as a response to aggression. Med Hypotheses. 2020 Oct;143:110102. doi:
10.1016/j.mehy.2020.110102. Epub 2020 Jul 13. PMID: 32721799; PMCID: PMC7357498.

[24] Chernyak BV, Popova EN, Prikhodko AS, Grebenchikov OA, Zinovkina LA, Zinovkin
RA. COVID-19 and Oxidative Stress. Biochemistry (Mosc). 2020 Dec;85(12):1543-1553. doi:
10.1134/S0006297920120068. PMID: 33705292; PMCID: PMC7768996.

[25] Kow CS, Hasan SS, Ramachandram DS. The effect of vitamin C on the risk of mortality
in patients with COVID-19: a systematic review and meta-analysis of randomized controlled
trials. Inflammopharmacology. 2023 Dec;31(6):3357-3362. doi: 10.1007/s10787-023-01200-5.
Epub 2023 Apr 18. PMID: 37071316; PMCID: PMC10111321.

[26] Xu C, Yi T, Tan S, Xu H, Hu Y, Ma J, Xu J. Association of Oral or Intravenous Vitamin
C Supplementation with Mortality: A Systematic Review and Meta-Analysis. Nutrients. 2023
Apr 12;15(8):1848. doi: 10.3390/nu15081848. PMID: 37111066; PMCID: PMC101463009.

[27] Olczak-Pruc M, Swieczkowski D, Ladny JR, Pruc M, Juarez-Vela R, Rafique Z, Peacock
FW, Szarpak L. Vitamin C Supplementation for the Treatment of COVID-19: A Systematic
Review and Meta-Analysis. Nutrients. 2022 Oct 10;14(19):4217. doi: 10.3390/nul14194217.
PMID: 36235869; PMCID: PMC9570769.

[28] Al Sulaiman K, Aljuhani O, Saleh KB, Badreldin HA, Al Harthi A, Alenazi M, Alharbi A,
Algarni R, Al Harbi S, Alhammad AM, Vishwakarma R, Aldekhyl S. Ascorbic acid as an
adjunctive therapy in critically ill patients with COVID-19: a propensity score matched study.
Sci Rep. 2021 Sep 3;11(1):17648. doi: 10.1038/s41598-021-96703-y. Erratum in: Sci Rep.
2021 Sep 24;11(1):19433. PMID: 34480041; PMCID: PMC8417267.

[29] Gao D, Xu M, Wang G, Lv J, Ma X, Guo Y, Zhang D, Yang H, Jiang W, Deng F, Xia G,
Lu Z, Lv L, Gong S. The efficiency and safety of high-dose vitamin C in patients with COVID-
19: a retrospective cohort study. Aging (Albany NY). 2021 Feb 26;13(5):7020-7034. doi:
10.18632/aging.202557. Epub 2021 Feb 26. PMID: 33638944; PMCID: PMC7993712.

14



[30] Hemild 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.

[31] Lee SI, Lim CM, Koh Y, Huh JW, Lee JS, Hong SB. The effectiveness of vitamin C for
patients with severe viral pneumonia in respiratory failure. J Thorac Dis. 2021 Feb;13(2):632-
641. doi: 10.21037/jtd-20-1306. PMID: 33717536; PMCID: PMC7947518.

[32] Padhani ZA, Moazzam Z, Ashraf A, Bilal H, Salam RA, Das JK, Bhutta ZA. Vitamin C
supplementation for prevention and treatment of pneumonia. Cochrane Database Syst Rev.
2021 Nov 18;11(11):CD013134. doi: 10.1002/14651858.CD013134.pub3. PMID: 34791642;
PMCID: PMC8599445.

15



