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ABSTRACT

Severe respiratory infections are characterized by elevated inflammation and generation of reactive
oxygen species (ROS) whichmay lead to a decrease in antioxidants such as vitamin C and a higher
requirement for the vitamin. Administration of intravenous vitamin C to patients with pneumonia and
sepsis appears to decrease the severity of thedisease and potentially improve survival rate. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection causes pneumonia, sepsis and acute
respiratory distress syndrome (ARDS) in severe cases, and is referred to as coronavirus disease 2019
(COVID-19). Patients with COVID-19 infection also appearto have depleted vitamin C status and require
additional supplementation of vitamin C during the acute phase of the disease. To date there have been 12
vitamin C and COVID-19 trials published, including five randomized controlled trials (RCTs) and seven
retrospective cohort studies. The current level of evidence from the RCTs suggests that intravenous
vitamin C intervention may improve oxygenation parameters, reduce inflammatory markers, decrease days
in hospital and reduce mortality, particularly in the more severely ill patients. High doses of oral vitamin C
supplementation may also improve the rate of recovery in less severe cases. No adverse events have been
reported in published vitamin C clinical trials in COVID-19 patients. Upcoming findings from larger
RCTs will provide additional evidence on vitamin supplementation in COVID-19 patients.

KEYWORDS: vitamin C; COVID-19; clinical trials; acute respiratory distress syndrome.

1. INTRODUCTION

Coronaviruses are single-stranded ribonucleic acid
viruses comprising a lipid bilayer containing crown-like
spikes (Latin, Corona = Crown) on their outer surface
(Rabi et al., 2020). Infection with these viruses can affect
both the upper and lower respiratory tract and can cause

Since then, numerous other risk factors have been
identified, including specific underlying health
conditions. Currently, there is a global research effort to
try and identify therapies that may help in the treatment
of COVID-19.

diseases ranging from a mild form, or common cold, to
pneumonia (Cui et al., 2019). In early December 2019,
there were reports of infections with pneumonia-like
symptoms of unidentified causes in China (Zhu et al.,
2020).

The infections were subsequently identified as being
caused by a novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), the resultant disease being
named coronavirus disease (COVID-19) in February
2020 (Gorbalenya et al., 2020). Globally, as of August
2021, there have been over 200 million confirmed cases
of COVID-19, including nearly 4.5 million deaths,
reported (WHO, 2021). Initial data indicated that the
majority of patients were aged over 40 years, and that the
risk of death increased with age (Rabiet al., 2020).

Vitamin C is an essential nutrient that has important roles
in immune function, includingantioxidant, anti-
inflammatory, antithrombotic, and immuno-modulatory
func-tions (Carr et al., 2020; Holford et al., 2020).

Vitamin C deficiency, defined as a plasma
concentrations of _11 _mol/L, is more common in the
elderly, male gender, people with comorbidities, and low
socioeconomic status (Carr and Rowe, 2020). These are
also risk factors for COVID-19 infection. Severe
respiratory infections, such as pneumonia, are common
clinical conditions that lead to a high requirement for
vitamin C, thus providing grounds for active vitamin C
replacement in patients who suffer from severe
respiratory infections (Hemil4 et al., 2017).

Although a vitamin C intake of 200 mg daily in healthy
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volunteers produces a saturating plasma concentration of
70 to 90 _mol/L (Levine et al., 1996; Levine et al.,
2001), at least ten-fold higher doses (i.e., 2-3 g/day) are
required to saturate the plasma of critically ill patients
(Carr et al., 2017 ;De Grooth et al., 2018). Critically
ill patients are defined as patients at high risk for
actual or potential life-threatening injuries and
illnesses, requiring at least organ support and are
continuously monitored in the intensive care unit
(ICU). Vitamin C is generally administered
parenterally to critically ill patients as it provides
significantly  higher circulating concentrations than
enteral vitamin C (Padayatty et al., 2004). Vitamin C
administration in patients with pneumonia, sepsis and
acuterespiratory distress syndrome (ARDS) has shown
potential benefits suchas reducing duration of hospital
and ICU stay and mortality (Holford etal., 2020).
Pneumonia, sepsis and ARDS are common
complications of patients with severe COVID-19 and
in March 2020, the World Health Organization
highlighted vitamin C as a potential adjunctive therapy
with biologic plausibility for patients with critical
COVID-19 (WHO, 2020).

This pragmatic review summarizes the current level of
evidence available from published studies (randomized
controlled trials [RCTs] and retrospective cohort studies)
that have investigated enteral and parenteral vitamin C
supplementation in patients with SARS-CoV2 infection
and severe COVID-19.

Table 1. Vitamin C status in patients with COVID-19.

2. Vitamin C Status in Patients with COVID-19

Significant evidence indicates that patients with severe
respiratory infections have depleted vitamin C status,
with the prevalence of deficiency increasing with the
severity of the condition (Carr et al., 2020). The vitamin
C status of patients with COVID-19 has been reported in
several small observational studies table 1 (Xing et
al.,2021; Pincemail et al., 2021) . Plasma concentrations
of vitamin C in most of these patients were reported to
be very low with 70-80% of the patients having
hypovitaminosis C (plasma concentration <23 _mol/L)
(Arvinte et al., 2020; Tomasa-Irriguible et al., 2021).

The low concentrations were despite patients receiving
on average 124 mg/day vitamin C in their enteral or
parenteral  nutrition  (Pincemail et al, 2021).
Interestingly, markers of oxidative stress were elevated
in the COVID-19 patients relative to controls and there
was an inverse correlation between oxidative stress
markers and vitamin C status in the patients (Muhammad
et al.,2021).

Thus, vitamin C supplementation appears warranted in
these patients to address their hypovitaminosis C and
restore adequate plasma vitamin C status (Xing et al.,
2021). It should be noted that short-term (i.e., 2-4 day)
intervention with intravenous vitamin C may not be of
sufficient duration to provide lasting benefit as 15-25%
of patients can return to hypovitaminosis C status
following cessation of intervention (De Grooth et al.,
2018 ;Fowler et al.,2019).

Population Location Method Findings
18 patients with ARDS 1Barcelona, [Plasma HPLC- |17 patients had <8juM vitamin C1 patient had 14 uM
Spain PDA 2 \vitamin C

21 ICU 3 patients Thornton, Colorado,

USA Serum

Total cohort (n = 21) had 22uM vitamin C

(45% were deficient, 70% were hypovitaminosis
C)Survivors (n = 11) had 29 uM vitamin C
Non-Survivors (n = 10) had 15 uM vitamin C

31 hospitalised patients

UHPLC-MS 4
6 patients (no IVC °) had 11 pM vitamin C

21 healthy controlsJigwa, Nigeria Colourimetric

51 healthy controlsShanghai, China Plasma 25 patients given 100 mg/kg/day IVC had 76 uM51 healthy
controls had 52 uM vitamin C
50 symptomatic patients Serum Patients had 19uM vitamin C

Controls had 25 pM vitamin C

9 ICU patients with severepneumonia
Liege, Belgium

Patients had 22 M vitamin C(reference range: 35-86 _M)

67 patients with ARDSBarcelona,

. PlasmaHPLC
Spain

Mean vitamin C concentration was 8 _ 3 uM55 patients
(82%) had values <23uM

12 patients (18%) had values <6 uM

1 ARDS: acute respiratory distress syndrome, 2 PDA:
photo diode array, 3 ICU: intensive care unit, 4 UHPLC-
MS: ultra-high-performance liquid chromatography-mass
spectrometry, 5 IVC: intravenous vitamin C. Note:
vitamin C concentrations <11 _M are considered
deficient, and <23 _M are considered hypovitaminosis
C.

3. The topicality of vitamin C to the COVID-19
pandemic
Vitamin C is deemed to have conducive effects in

critically ill patients. It is a free radical scavenger that
influences  cellular  immunity, anti-inflammatory
properties, and vascular integrity, and acts as a cofactor
in producing endogenous catecholamines (Wei et al.,
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2020). COVID- 19 causes life-denunciatory respiratory
diseases in humans like severe acute respiratory
syndrome (SARS) and the Middle East respiratory
syndrome(MERS) (Hou et al.,2020). The virulence
mechanisms underlying COVID-19 outcomes are not
fully understood yet(Lau et al., 2020).

Different cellular mechanisms such as dipeptidyl
peptidase-4  receptor (DPP-4) binding, retinoic
acidinducible  gene-1-like  receptors (RIG-I) and
melanoma differentiation-associated 5 (MDAS5) host-
recognition, papain- like protease (PL-pro)-mediated
replication, and breakdown of M- protein-mediated type-
1 IFN (Interferon) initiation evasion have beenidentified
in the closely linked COVID-MERS virus (Skariyachan
etal., 2019).

Of them, DPP-4 has been shown to closely link with
COVID- 19 in the case of the S1 domain of the spike
glycoprotein, pointing out that it would be a primary
intensive factor of COVID-19 infections (Vankadari and
Wilce, 2020).

During COVID-19, an expansive and unrestrained
release of pro- inflammatory cytokines or cytokine storm
occurs that is also observed in MERS and SARS-CoV-1
(Zabetakis et al., 2020). Clinically, this cytokine storm
induces systemic inflammation and respiratory
inflammation and multiple organ failure (Zhang et
al.,2020). Vitamin C supplementation has shown
conducive effects in infections and sepsis. As severe
COVID-19 may induce acute respiratory distress
syndrome (ARDS) and sepsis, high doses of vitamin C
supplementation may contribute to ameliorating
inflammation in patients with COVID-19. In fact,
vitamin C-deficient individuals are highly susceptible to
systemic inflammation, and severe respiratory infections
observed throughout the course of COVID-19 (Calder et
al.,2020).

4. Evidence of antiviral action of vitamin C

Vitamin C supplementation has demonstrated a wide
range of antiviral effects against several types of viral
infections (Colunga Biancatelli et al., 2020). Decreased
levels of vitamin C have been observed in different viral
infections (Cheng, 2020) such as sepsis, sepsis- related
acute respiratory disease syndrome (ARDS) (Fowler et
al., 2019), and other critical conditions of illness Carr
and Maggini,2017).In viral infections, vitamin C is
crucial for destroying neutrophil (Anderson et al., 1990)
accumulated within macrophages and is accountable
for T cell maturation (Manning et al.,2013). This
enhances phagocytosis and apoptosis (Carr and
Maggini,2017). In several murine models, vitamin C has
promoted survival from lethal infection (Colunga
Biancatelli et al., 2020). Treatment with vitamin C (50
mg/kg) in the Venezuelan encephalitis virus-affected
mice revealed 50% mortality of the controls with less

nitric oxide (NO) content and lipid peroxidation
products. The treatment group exhibits an increased
survival rate (50%) in comparison with untreated
infected mice (0%) (Valero et al.,2015).

A previous study noted that mice infected with the
influenza virus could not yield vitamin C, and mice not
receiving vitamin C supplementation showed higher lung
pathology scores (Li et al.,2006).

Vitamin C decreased mortality rate in dose-dependent
fashion (100%, 80%, and 50% at 0, 125, and 250 mg/kg/
day) in HIN1 (hemagglutinin type 1 and neuraminidase
type 1) viral-induced pneumonia (Cai et al., 2015). Mice
infected with the rabies virus demonstrated nearly 50%
mortality while treating intramuscular 100 mg/kg
vitamin C daily in comparison with untreated infected
mice. Vitamin C supplementation (300 mg/day) in
influenza induced pneumonia is protected from severe
infection and reduced the duration of hospital stays
(Colunga Biancatelli et al., 2020).

Another study in 133 patients demonstrated that the
administration of vitamin C promotes the protection
(odds ratio 0.25) from herpes simplex keratitis (Kim et
al.,2018). Some current studies reported vitamin C as a
potential intervention against the coronavirus (Zhang et
al.,2020). Hence, it is hypothesized that vitamin C
supplementation may reduce the severity of the current
COVID-19 pandemic.

5. Mechanism of vitamin C against infections as
well as COVID-19

The key reason for severe lung injury in COVID-19
patients is theoxidative stress and excessive free radicals
generated from thedysfunctional immune system to kill
the virus but end up wounding the patient instead.
Vitamin C can reduce oxidative damage and neutralize
these free radicals in the lungs. When there is an
imbalance between oxidants and antioxidants, body
organs’ damage occurs and progresses patients to
severe disease (Askari et al.,2012).

We can improve the antioxidant status by administering
sufficient vitamin C. The white blood cells (immune
cells) are highly enriched with vitamin C, implying these
immune cells’ functional roles. Vitamin C influences
phagocytes’ functions, replicating viruses, production of
interferon, and maturation of T-lymphocytes. Vitamin C
also acts as a safeguard of these immune cells against
oxidative damage when they clear out viruses from the
body (figure 1). Based on these knowledge, many
hospitals in China, New York, and Shanghai have
already started administrating intravenous vitamin C to
manage the COVID-19 infections. However, anecdotal
evidence of positive response from these hospitals
suggests promising vitamin C results against COVID-19
(The Financial Express,2020).
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Figure 1: The role of vitamin C in immune cell functions.

6. Clinical efficacy of vitamin C in critically ill
patients without COVID-19

More than hundreds of animal studies have demonstrated
that a few grams of vitamin C’s daily dose may prevent
infections (Hemild, 2017). A pilot study on 24 critically
ill patients with sepsis revealed that intravenous (IV)
vitamin C administration reduces the Sequential Organ
Failure Assessment (SOFA) scores and levels of
proinflammatory markers significantly over the 4- day
study period in patients who received 50 and 200 mg/kg
per day vitamin C in comparison with patients who
received placebo (Fowler et al., 2014).

Interestingly, a randomized control trial did not change
levels of inflammatory markers or SOFA scores in
sepsis-induced ARDS patients (n = 167) after IV vitamin
C 200 mg/kg per day administration for 4 days.However,
the hospital stays and the mortality rate decreased
significantly in the treatment group in 28 days (p = 0.03)
(Fowler et al.,2019). Several controlled studies point out
that the combination therapy of vitamin C,
hydrocortisone, and thiamine had auspicious effects in
sepsis or severe pneumonia patients (Marik et al.,2017).

Again, a randomized control trial study in patients with
septic shock compared the outcomes of the combination
therapy of vitamin C (6 g per day), hydrocortisone (200
mg per day), and thiamine (400 mg per day) to
hydrocortisone alone. The study’s findings showed that
combination therapy did not affect the duration of a
shock though significantly improved the SOFA score in

treatment groups (p = 0.03) (Fujii et al.,2020).

These clinical findings suggested that vitamin C may
play a significant role in the management of COVID-19
infection. 8 Clinical data on vitamin C in critically ill
patients with COVID-19 A series of clinical trials related
to COVID-19 have been launched or announced from the
very beginning of COVID-19 to evaluate the therapeutic
benefit of vitamin C alone or in combination therapy
with one or more substances (e.g., zinc, vitamin D,
hydroxychloroquine, and azithromycin)  (Clinical
Trials,2020). Randomized controlled trials are currently
registered in the National Institutes of Health Clinical
Trials (NIHCT)/National Clinical Trial (NCT) to
examine monotherapy for severe COVID-19 treatment
(to treat, or prevent COVID-19 in combination with
hydroxychloroquine and other supplements (Adams et
al.,2020).

The dosing of vitamin C varies widely in these trials,
ranging from 250 to 500 mg orally to 24 g IV daily.
Researchers from China have noted that they have
successfully treated the moderate to severe COVID-19
patients (n > 50) with large doses of IV vitamin C
(10,000-20,000 mg/day). The findings are no incidence
of death and a shorter mean hospital stay than untreated
COVID-19 patients (Carr et al.,2017).

Besides, the Shanghai Medical Association has recently
endorsed the use of high-dose vitamin C for the
management and treatment of hospitalized patients with
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COVID-19 (Healthline, 2020). A recent review points
out that higher doses of IV vitamin C may be required to
deplete cytokine storms in ARDS (Boretti and
Banik,2020).

High doses of vitamin C are deemed to be administered
IV route as they are thinly tolerated orally. However,
bowel tolerance for vitamin C is elevated in many
patients with the severity of illness. So, some patients
may tolerate oral doses up to 200 g/day (Cathcart, 1981).

7. High-dose vitamin C administration in patients
with COVID-19

Observational studies have indicated that patients with
COVID-19 have high rates of hypovitaminosis C and
vitamin C deficiency, which are comparable to patients
with sepsis and septic shock (Carr,2020). Previous
studies of high-dose vitamin C administration in patients
with sepsis and ARDS have shown reduced duration of
ICU and hospital stay as well as decreased mortality
(Fowle et al., 2019; Hemild and Chalker,2020).

Based on the evidence from preliminary RCTs and
retrospective cohort studies, vitamin C appears to also
support positive outcomes in COVID- 19 in both
inpatient and outpatient settings, leading to a beneficial
effect in patients with moderate symptoms, as well as
patients with pneumonia, sepsis and ARDS. Intervention
with vitamin C resulted in improved oxygenation and
pulmonary function, reduced inflammatory markers and
temperature, decreased days in ICU and hospital, and
decreased mortality, particularly in the more severely ill
patients. Oral supplementation in mild to moderate cases
also increased the rate of recovery when taken in high-
doses.

Overall, the intervention studies to date have a number of
limitations such as small sample sizes and early
termination of some studies, differencesin vitamin C
dose and duration and lack of optimization of these,
lack ofplacebo controls, and no pre-and post intervention
plasma vitamin Cconcentrations. However, living meta-
analysis of the studies as they are published is
supporting the premise that high-dose 1VC can improve
the complications associated with COVID-19 and
potentially decrease mortality (Vollbracht and Kraft,
2021). Notably, there have been no adverse events
reported in the published trials to date.

DISCUSSION

Until the time of this study, no definite treatment option
has been suggested and cleared for COVID-19. While
this pandemic is still responsible for death of above two
million people and infection of many more, search for
better treatment options should never be delayed (World
Health Organization;2020). Vitamin C is an essential
water-soluble nutrient that has important roles in our
body, especially in immune cell functions (Polidori et al.,
2004). Studies report that vitamin C can be effective in
treatment of bacterial and viral infection (Wu et al.,

2020). These studies showed vitamin C weakly inhibits
the multiplication of viruses such as influenza type A,
Herpes simplex virus type 1 (HSV-1) and poliovirus type
1. A clinical study showed the effect of IV vitamin C
therapy on reduction of IgG and IgM antibody levels in
EBV infection (Mikirova and Hunninghake, 2014).
There is also a report of a case of enterovirus/rhinovirus-
induced ARDS where the infusion of HDIVC was
associated with rapid resolution of lung injury (Fowler et
al.,2020) Marik et al. also suggested MATH + protocol
for COVID-19 patients, including methylprednisolone,
ascorbic acid, thiamine, heparin, and supplemental
oxygen. They suggest using vitamin C 3 g IV g 6 hourly
for at least 7 days or until transferred out of ICU
(Marik et al.,2020). There are also other large
randomized controlled trials (RCTs) using different
doses of vitamin C.

Another large study is underway in Italy recruiting 500
patients in whom use of 10 g vitamin C is being tested.
[NCT04323514] Although the results of these trials
will also help our understanding of the preferred dose
of vitamin C in COVID-19 patients, the available results
point to thefact that higher doses can also be safe and
effective (compared to the sixg daily dose used in this
study).

Another important topic is the length of vitamin C
administration. Some studies suggest better outcome by
administering vitamin C for longer duration, i.e., for at
least 7 days (Marik et al.,2020).

However, a recent meta-analysis and systematic review
of 17 studies reporting the effect of vitamin C
supplementation in COVID-19 concluded that the best
duration for administering vitamin C is over 3—4 days,
with lower efficacy if used less than 3 days or more than
5 days (Scholz et al., 2020).

REFERENCES

1. Adams KK, Baker WL, Sobieraj DM Myth busters:
dietary supplements and COVID-19. Annals of
Pharmacotherapy, 2020; 54(8): 820-6.
https://doi.org/1 0.1177/1060028020928052.

2. Anderson R, Smit MJ, Joone GK, Van Staden AM
Vitamin C and cellular immune functions.
Protection against hypochlorous acid- mediated
inactivation of glyceraldehyde-3-phosphate
dehydrogenase and ATP generation in human
leukocytes as a possible mechanism  of
ascorbatemediated immunostimulation. Ann New
York Acad Sci., 1990; 587(1): 34-48.
https://doi.org/10.1111/j.1749-6632.1990.tb00131.

3. Arvinte, C.; Singh, M.; Marik, P.E Serum Levels of
Vitamin C and Vitamin D in a Cohort of Critically
Il COVID-19 Patients of a North American
Community Hospital Intensive Care Unit in May
2020: A Pilot Study. Med. Drug Discov., 2020; 8:
100064. [CrossRef]

4. Askari G, Ghiasvand R, Feizi A, Ghanadian SM,

www.wjahr.com |  Volume 6, Issue 6. 2022 |

ISO 9001:2015 Certified Journal | 10


https://doi.org/1
https://doi.org/10.1111/j.1749-6632.1990.tb00131.x

Hamid.

World Journal of Advance Healthcare Research

Karimian J The effect of quercetin supplementation
on selected markers of inflammation and oxidative
stress. J Res Med Sci., 2012; 17(7): 637-41.

C Pharmacokinetics in Critically 1l Patients: A
Randomized Trial of Four IV Regimens. Chest,
2018; 153: 1368-1377. [CrossRef].

5. Boretti A, Banik BK Intravenous vitamin C for 18. Fowler AA, Syed AA, Knowlson S, Sculthorpe R,
reduction of cytokines storm in acute respiratory Farthing D, DeWilde C, et al Phase | safety trial of
distress syndrome. PharmaNutrition.; intravenous ascorbic acid in patients with severe
12:100190.https: sepsis. J Transl Med, 2014; 12(1): 32.
//doi.org/10.1016/j.phanu.2020.10019 0, 2020. https://doi.org/10.1186/1479-5876-12-32.

6. CaiY, Li YF, Tang LP, Tsoi B, Chen M, Chen H, et 19. Fowler AA, Truwit JD, Hite RD, Morris PE,
al A new mechanism of vitamin C effects on Dewilde C, Priday A, et al Effect of vitamin C
A/FM/1/47(HIN1) virus-induced pneumonia in infusion on organ failure and biomarkers of
restraint-stressed mice. BioMed Res Int.,, 2015; inflammation and vascular injury in patients with
675149-12. https://doi. org/10.1155/2015/675149. sepsis and severe acute respiratory failure: the

7. Calder PC, Carr AC, Gombart AF, Eggersdorfer M. CITRIS-ALI randomized clinical trial. J Am Med
Optimal nutritional status for a well-functioning Assoc, 2019; 322(13): 1261-70.
immune system is an important factor to protect https://doi.org/10.1001/jama.2019.11825.
against viral infections. Nutrients., 2020; 12(4). 20. Fujii T, Luethi N, Young PJ, Frei DR, Eastwood
https://doi.org/10.3390/nul2 041181. GM, French CJ, et al. Effect of vitamin C,

8. Carr AC, Maggini S. Vitamin C and immune hydrocortisone, and thiamine vs hydrocortisone
function. Nutrients, 2017, 9(11). alone on time alive and free of vasopressor support
https://doi.org/10.3390/nu9111211. among patients with septic shock: the VITAMINS

9. Carr, A.C Vitamin C in pneumonia and sepsis. In randomized clinical trial. J Am Med Assoc, 2020;
Vitamin C: New Biochemical and Functional 323(5): 423-31.

Insights; Chen, Q.V.M., Ed.; CRC Press/Taylor & 21. https://doi.org/10.1001/jama.2019.22176.
Francis: Boca Raton, FL, USA, 2020; 115-135. 22. Gorbalenya, A.E.; Baker, S.C.; Baric, R.S.; de

10. Carr, A.C.; Rosengrave, P.C.; Bayer, S.; Chambers, Groot, R..; Drosten, C.; Gulyaeva, AA,;
S.; Mehrtens, J.;Shaw, G.M Hypovitaminosis C and Haagmans, B.L.; Lauber, C.; Leontovich, A.M.;
vitamin C deficiency incritically ill patients despite Neuman, B.W.; et al The species Severe acute
recommended enteral and parenteral intakes. Critical respiratory syndrome-related coronavirus:
Care, 2017; 21: 300. [CrossRef]. Classifying 2019-nCoV and naming it SARS-CoV-

11. Carr, A.C.; Rowe, S. Factors Affecting Vitamin C 2. Nat. Microbiol., 2020; 5: 536-544. [CrossRef]
Status and Prevalence of Deficiency: A Global 23. Healthline Can vitamin C protect you from COVID-
Health Perspective. Nutrients, 2020; 12: 1963. 19? Available from, 2020.

[CrossRef] [PubMed]. 24. https://www.healthline.com/nutrition/vitamin-c-

12. Carr, A.C.; Spencer, E.; Dixon, L.; Chambers, S.T coronavirus.

Patients with Community Acquired Pneumonia 25. Hemila H Vitamin C and infections. Nutrients,
Exhibit Depleted Vitamin C Status and Elevated 2017; 9(4).https://doi.org/1 0.3390/nu9040339.

Oxidative Stress. Nutrients, 2020; 12: 1318. 26. Hemild, H.; Chalker, E Reanalysis of the Effect of
[CrossRef]. Vitamin C on Mortality in the CITRIS-ALI Trial:

13. Cathcart RF Vitamin C titrating to bowel tolerance, Important Findings Dismissed, 2020.
anascorbemia, and acute induced scurvy. Med 27. Holford, P.; Carr, A.C.; Jovic, T.H.; Ali, SR,
Hypotheses., 1981; 7(11): 1359- 76. https://doi. Whitaker, 1.S.; Marik, P.E.; Smith, A.D Vitamin C-
0rg/10.1016/0306-9877(81)90126-2. An Adjunctive Therapy for Respiratory Infection,

14. Cheng RZ Can early and high intravenous dose of Sepsis and COVID-19. Nutrients, 2020; 12: 3760.
vitamin C prevent and treat coronavirus disease [CrossRef] [PubMed]

2019 (COVID-19)? Med Drug Discovery, 2020; 5: 28. Hou Y, Zhao J, Martin W, Kallianpur A, Chung
100028. MK, Jehi L, et al. New insights into genetic
https://doi.org/10.1016/j.medidd.2020.100028. susceptibility of COVID-19: an ACE2 and

15. Colunga Biancatelli RML, Berrill M, Catravas JD, TMPRSS2 polymorphism analysis. BMC Med,
Marik PE Quercetin and vitamin C: an experimental, 2020; 18(1): 216. https://doi.org/10.1186/ $12916-
synergistic therapy for the prevention and treatment 020-01673-z. in the Trial Report. Front. Med, 7.
of SARS-CoV-2 related disease (COVID-19). Front [CrossRef] [PubMed].

Immunol, 2020; 11: 1451. 29. Kim G-N, Yoo W-S, Park M-H, Chung J-K, Han Y-
https://doi.org/10.3389/fimmu.2020.01451. S, Chung I-Y, et al Clinical features of herpes

16. Cui, J.; Li, F.; Shi, Z.L Origin and evolution of simplex keratitis in a Korean tertiaryreferral center:
pathogenic coronaviruses. Nat. Rev. Microbiol., efficacy of oral antiviral and ascorbic acid on
2019; 17: 181-192. [CrossRef] [PubMed] recurrence. Korean J Ophthalmol, 2018; 32(5): 353—

17. De Grooth, H.J.; Manubulu-Choo, W.P.; Zandvliet, 60.https://doi.org/10.3341/kjo.2017.0131.

A.S.; Spoelstra- de Man, AM.E.; Girbes, AR 30. Lau FH, Majumder R, Torabi R, Saeg F, Frank
Swart, E.L.; Oudemans-van Straaten, H.M Vitamin Lau RH, HoffmanR, et al Ketidakcukupan vitamin
www.wjahr.com |  Volume6, Issue 6.2022 |  ISO 9001:2015 Certified Journal 11


https://doi/
https://doi.org/10.3390/nu12%20041181
https://doi.org/10.3390/nu9111211
https://doi/
https://doi.org/10.1016/j.medidd.2020.100028
https://doi.org/10.3389/fimmu.2020.01451
https://doi.org/10.1186/1479-5876-12-32
https://doi.org/10.1001/jama.2019.11825
http://www.healthline.com/nutrition/vitamin-c-
https://doi.org/1%200.3390/nu9040339
https://doi.org/10.1186/
https://doi.org/10.3341/kjo.2017.0131

Hamid.

World Journal of Advance Healthcare Research

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

D lazim pada COVID-19 yang parah.MedRxiv,
2020; (04): 24. 20075838.https://doi.org/10.1101
/2020.04. 24.20075838.

Levine, M.; Conry-Cantilena, C.; Wang, Y.; Welch,
R.W.; Washko, P.W.; Dhariwal, K.R.; Park, J.B.;
Lazarev, A.; Graumlich, J.F.; King, J.; et al Vitamin
C pharmacokinetics in healthy volunteers: Evidence
for a recommended dietary allowance. Proc. Natl.
Acad. Sci. USA, 1996; 93: 3704-3709. [CrossRef]
[PubMed].

Levine, M.; Wang, Y.; Padayatty, S.J.; Morrow, J A
new recommended dietary allowance of vitamin C
for healthy young women. Proc. Natl. Acad. Sci.
USA, 2001; 98: 9842-9846. [CrossRef] [PubMed].
Li W, Maeda N, Beck MA Vitamin C deficiency
increases the lung pathology of influenza virus-
infected gulo-/- mice. J Nutr., 2006; 136(10): 2611—
6. https:// doi.org/10.1093/jn/136.10.2611.

Manning J, Mitchell B, Appadurai DA, Shakya A,
Pierce LJ, Wang H, et al Vitamin C promotes
maturation of T-cells. Antioxidants Redox Signal.,
2013; 19(17): 2054-67. https://doi.org/10.1089
/ars.2012.4988.

Marik PE, Khangoora V, Rivera R, Hooper MH,
Catravas J Hydrocortisone, vitamin C, and thiamine
for the treatment of severe sepsis and septic shock:
a retrospective before-after study. Chest.,, 2017;
151(6): 1229-38. https://doi.
0rg/10.1016/j.chest.2016.11.036.

Muhammad, Y.; Kani, Y.A,; lliya, S.; Muhammad,
J.B.; Binji, A.; El-Fulaty Ahmad, A.; Kabir, M.B.;
Umar Bindawa, K.; Ahmed, A Deficiency of
antioxidants and increased oxidative stress in
COVID-19 patients: A cross-sectional comparative
study in Jigawa, Northwestern Nigeria. SAGE Open.
Med., 2021; 9: 2050312121991246.[CrossRef].
Padayatty, S.J.; Sun, H.;Wang, Y.; Riordan, H.D.;
Hewitt, S.M.; Katz, A.;Wesley, R.A.; Levine, M
Vitamin C pharmacokinetics: Implications for oral
and intravenous use. Ann. Intern. Med, 2004; 140:
533-537. [CrossRef] [PubMed].

Pincemail, J.; Cavalier, E.; Charlier, C.; Cheramy-
Bien, J.P.; Brevers, E.; Courtois, A.; Fadeur, M.;
Meziane, S.; Goff, C.L.; Misset, B.; et al Oxidative
Stress Status in COVID-19 Patients Hospitalized in
Intensive Care Unit for Severe Pneumonia. A Pilot
Study. Antioxidants, 2021; 10: 257. [CrossRef]
[PubMed].

Rabi, F.A.; Al Zoubi, M.S.; Kasasbeh, G.A,;
Salameh, D.M.; Al-Nasser, A.D SARS-CoV-2 and
Coronavirus Disease: What We Know So Far.
Pathogens, 2019; 9: 231. [CrossRef] [PubMed]
Skariyachan S, Challapilli SB, Packirisamy S,
Kumargowda ST, Sridhar VS Recent aspects on the
pathogenesis mechanism, animal models and novel
therapeutic interventions for middle east respiratory
syndrome coronavirus infections. Front Microbiol.,
2019; 10: 569. https://doi.org/10.3389/fmich.2019.
005609.
Tomasa-Irriguible,

T.M.; Bielsa-Berrocal, L

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

COVID-19: Up t082% critically ill patients had low
Vitamin C values. Nutr. J., 2021; 20: 66. [CrossRef].
Valero N, Mosquera J, Alcocer S, Bonilla E, Salazar
J, Alvarez-Mon M Melatonin, minocycline and
ascorbic acid reduce oxidative stress and viral titers
and increase survival rate in experimental
Venezuelan equine encephalitis. Brain Res, 2015;
1622; 368-76.
https://doi.org/10.1016/j.brainres.2015.06.034.
Vankadari N, Wilce JA Emerging WuHan (COVID-
19) coronavirus: glycan shield and structure
prediction of spike glycoprotein and its interaction
with human CD26. Emerg Microbes Infect., 2020;
9(1): 601 - 4, https://doi.org/10.1
080/22221751.2020.1739565

Vollbracht, C.; Kraft, K Feasibility of Vitamin C in
the Treatment of Post Viral Fatigue with Focus on
Long COVID, Based on a Systematic Review of IV
Vitamin C on Fatigue. Nutrients, 2021; 13: 1154.
[CrossRef] [PubMed].

Wei XB, Wang ZH, Liao XL, Guo WX, Wen JY,
Qin TH, et al Efficacy of vitamin C in patients with
sepsis: an updated meta- analysis. Eur J Pharmacol,
2020; 868.
https://doi.org/10.1016/j.ejphar.2019.172889.
WHO, Coronavirus Disease (COVID-19) Situation
Report as of 2 August 2021 (5:19pm CEST).
Available online: https: //covid19.who.int/, 2021.
World Health Organization A Coordinated Global
Research Roadmap: Novel Coronavirus; World
Health Organization: Geneva,Switzerland, 2020.
Xing, Y.; Zhao, B.; Yin, L.; Guo, M.; Shi, H.; Zhu,
Z.; Zhang, L.; He, J.; Ling, Y.; Gao, M.; et al
Vitamin C supplementation is necessary for
patients with coronavirus disease: An ultra-high-
performance liquid chromatography-tandem mass
spectrometry finding, 2021.

J. Pharm. Biomed. Anal., 196: 113927. [CrossRef]
[PubMed]

Zabetakis I, Lordan R, Norton C, Tsoupras A Covid-
19: the inflammation link and the role of nutrition in
potential mitigation.  Nutrients., 2020; 12(5).
https://doi.org/10.3390/nu12051466.

Zhang L, Liu Y Potential interventions for novel
coronavirus in China: a systematic review. J Med
Virol.  92(5): 479-90. https://doi.org/10.1002/
jmv.25707.

Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, et
al The use of anti-inflammatory drugs in the
treatment of people with severe coronavirus disease
(COVID-19): the experience of  clinical
immunologists from China. Clin Immunol, 2019;
214: 108393. https://doi.org/10.1016/j.clim.2020.1
08393.

Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.;
Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; et al
A Novel Coronavirus from Patients with Pneumonia
in China, 2019. N. Engl. J. Med., 2020; 382: 727—
733. [CrossRef] [PubMed]

www.wjahr.com |

Volume 6, Issue 6. 2022 |

ISO 9001:2015 Certified Journal 12


https://doi.org/10.1089/ars.2012.4988
https://doi.org/10.1089/ars.2012.4988
https://doi/
https://doi.org/10.3389/fmicb.2019.%2000569
https://doi.org/10.3389/fmicb.2019.%2000569
https://doi.org/10.1016/j.brainres.2015.06.034
https://doi.org/10.1
https://doi.org/10.1
https://doi.org/10.1016/j.ejphar.2019.172889
https://doi.org/10.3390/nu12051466
https://doi.org/10.1002/
https://doi.org/10.1002/
https://doi.org/10.1016/j.clim.2020.1
https://doi.org/10.1016/j.clim.2020.1

