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Summary:
The new coronavirus (2019-nCoV) and its pulmonary and systemic complications have caused worldwide concern and emergency. There is a lack of effective targeted antiviral drugs, and symptomatic supportive treatment is the only therapeutic approach for severe acute respiratory infection (SARI).

Ascorbic acid (AA) is an essential nutrient with important and diverse physiological effects.  Moreover, at high doses (7,500 and over mg/day), especially when producing high micromolar or milimolar concentrations it has been shown to exhibit pharmacological properties. Among its many actions, it plays a role in reducing inflammation, (a precipitating factor in SARI), supporting various aspects of the immune system and has a direct antiviral effect.  

A number of studies describe an array of mechanisms by which ascorbic acid enhances the function of leukocytes including chemokinesis and chemotaxis properties.	Schwager J, Bompard A, Weber P, Raederstorff D. Ascorbic acid modulates cell migration in differentiated HL-60 cells and peripheral blood leukocytes. Mol Nutr Food Res. 2015 Aug;59(8):1513-23. , phagocytosis.	Shilotri, P.G. Phagocytosis and leukocyte enzymes in ascorbic acid deficient guinea pigs. J. Nutr. 1977, 107, 1513–1516.,  production of lysosomal enzymes.	Anderson R. Effects of ascorbate on normal and abnormal leucocyte functions. Int J Vitam Nutr Res Suppl. 1982;23:23-34., generation of reactive oxygen species.	Sharma, P.; Raghavan, S.A.; Saini, R.; Dikshit, M. Ascorbate-mediated enhancement of reactive oxygen species generation from polymorphonuclear leukocytes: Modulatory effect of nitric oxide. J. Leukoc. Biol. 2004, 75, 1070–1078, and  microbial killing.	Vilchèze C, Kim J, Jacobs WR Jr. Vitamin C Potentiates the Killing of Mycobacterium tuberculosis by the First-Line Tuberculosis Drugs Isoniazid and Rifampin in Mice. Antimicrob Agents Chemother. 2018 Feb 23;62(3). pii: e02165-17..,  up-regulation of antibody response.	Mitsuzumi H, Kusamiya M, Kurimoto T, Yamamoto I. Requirement of cytokines for augmentation of the antigen-specific antibody responses by ascorbate in cultured murine T-cell-depleted splenocytes. Jpn J Pharmacol. 1998 Oct;78(2):169-79. and increased  interferon.	Kim Y1, Kim H, Bae S, Choi J, Lim SY, Lee N, Kong JM, Hwang YI, Kang JS, Lee WJ. Vitamin C Is an Essential Factor on the Anti-viral Immune Responses through the Production of Interferon-α/β at the Initial Stage of Influenza A Virus (H3N2) Infection. Immune Netw. 2013 Apr;13(2):70-4. .  These effects, as well as enhanced neutrophil chemotactic capacity.	Anderson, R.; Oosthuizen, R.; Maritz, R.; Theron, A.; Van Rensburg, A.J. The effects of increasing weekly doses of ascorbate on certain cellular and humoral immune functions in normal volunteers. Am. J. Clin. Nutr. 1980, 33, 71–76.,.	Bozonet SM, Carr AC, Pullar JM, Vissers MCM. Enhanced human neutrophil vitamin C status, chemotaxis and oxidant generation following dietary supplementation with vitamin C-rich SunGold kiwifruit. Nutrients 2015, 7, 2574–2588.  , have also been documented in humans ingesting gram doses of vitamin C.
In addition, studies have shown clinical benefits which include lowering and reducing the risk of infection.	Vorilhon P, Arpajou B, Vaillant Roussel H, Merlin É, Pereira B, Cabaillot A. Efficacy of vitamin C for the prevention and treatment of upper respiratory tract infection. A meta-analysis in children. Eur J Clin Pharmacol. 2019 Mar;75(3):303-311. ,.	Kim GN, Yoo WS, Park MH, Chung JK, Han YS, Chung IY, Seo SW, Yoo JM, Kim SJ. Clinical Features of Herpes Simplex Keratitis in a Korean Tertiary Referral Center: Efficacy of Oral Antiviral and Ascorbic Acid on Recurrence.Korean J Ophthalmol. 2018 Oct;32(5):353-360.  .  Studies in animal models have demonstrated that parenteral ascorbate improves sepsis and sepsis-induced multiple organ dysfunction syndrome via preventing of cellular immunosuppression.	Gao YL, Lu B, Zhai JH, Liu YC, Qi HX, Yao Y, Chai YF, Shou ST. The Parenteral Vitamin C Improves Sepsis and Sepsis-Induced Multiple Organ Dysfunction Syndrome via Preventing Cellular Immunosuppression. Mediators Inflamm. 2017;2017:4024672.. Studies in septic mice suggest that increased survival occurs by activation of Nrf2/HO-1 signals.	Kim SR, Ha YM, Kim YM, Park EJ, Kim JW, Park SW, Kim HJ, Chung HT, Chang KC. Ascorbic acid reduces HMGB1 secretion in lipopolysaccharide-activated RAW 264.7 cells and improves survival rate in septic mice by activation of Nrf2/HO-1 signals. Biochem Pharmacol. 2015 Jun 15;95(4):279-89. .
In-vitro observations with pharmacologic concentrations (millimolar range) suggest a direct antiviral effect of ascorbate.	Furuya A1, Uozaki M, Yamasaki H, Arakawa T, Arita M, Koyama AH. Antiviral effects of ascorbic and dehydroascorbic acids in vitro. Int J Mol Med. 2008 Oct;22(4):541-5. consistent with clinical observations of patients with Epstein-Barr viral (EBV) infection. There was a significant reduction of the EBV antibodies upon pharmacologic intravenous ascorbate therapy 	Mikirova N, Hunninghake R.Effect of high dose vitamin C on Epstein-Barr viral infection. Med Sci Monit. 2014 May 3;20:725-32.. Moreover, intravenous ascorbic acid has demonstrated clinical benefits in different viral infections.	Schencking M, Vollbracht C, Weiss G, Lebert J, Biller A, Goyvaerts B, Kraft K. Intravenous vitamin C in the treatment of shingles: results of a multicenter prospective cohort study. Med Sci Monit. 2012 Apr;18(4):CR215-24.,.	Chen S, Zhao W, Zhang B, Jia Y, Wu S, Zhong B, Yu X, Wang X, Hao Y, ang H, Zhao Y, Mizuno K, Bu H, Tseng Y5Clinical Effect of Intravenous Vitamin C on Viral Myocarditis in Children: A Systematic Review and Meta-Analysis. Evid Based Complement Alternat Med. 2019;23;2019:3082437.,. Gonzalez MJ, Berdiel MJ, Duconge J, Levy TE, Alfaro IM, Morales-Borges R, Marcial-Vega V, Olalde J. High Dose Intravenous Vitamin C and Influenza: A Case Report. J Orthomolec Med 2018;33(3):1-3.  ,.	Marcial-Vega V, Gonzalez-Terron I, Levy TE. Intravenous Ascorbic Acid And Hydrogen Peroxide In The Management Of Patients With Chikungunya. Bol Asoc Med. 2017;107(1):20-24..
Sepsis is a systemic response of an infection that results in an overwhelming production of reactive oxygen species (ROS) with widespread injury to multiple tissues, cells and organelles leading to progressive organ failure. The severe immune reaction in which the body releases too many cytokines into the blood too quickly produces an uncontrolled burst of damaging ROS is known as the cytokine storm and represents an important complication of covid1-9 infection.	Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH Across Speciality Collaboration, UK. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet. 2020 Mar 28;395(10229):1033-1034.. In summary, over 500 peer reviewed experimental and clinical studies have been published, clearly demonstrating the biologic credibility and biological and pharmacologic mechanisms of vitamin C alone or combined with other agents in the management of sepsis and other inflammatory disorders.	Marik PE, Vitamin C. for the treatment of sepsis: the scientific rationale. Pharmacol Therapeut 2018;189:63–70.,.	Marik PE, Hydrocortisone. Ascorbic acid and thiamine (HAT therapy) for the treatment of sepsis. Focus on ascorbic acid. Nutrients 2018;10:1762.. Based on these concepts, the most comprehensive randomized study using intravenous ascorbic acid in 167 patients with severe acute respiratory failure demonstrated at day 4 and forward significant reduction in mortality in the ascorbic acid group when compared to control group (p = 0.023) .	Fowler AA, Truwit JD, Hite RD, Morris PE, DeWilde C, et al. Effect of Vitamin C Infusion on Organ Failure and Biomarkers of Inflammation 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.. (See figure 1)
Figure 1. Patients with Sepsis and Severe Acute Respiratory Failure
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Fowler et al (23) also gave patients 50mg/kg total body weight of ascorbic acid intravenously every 6 hours which amounted to a range of 3,500-5000 mg every 6 hours for a total of 14,000-20,000 mg every 24 hours (Personal communication) with no unexpected treatment-related side effects.
Most vertebrates respond to a physiological stress such as sepsis with a dramatic increase in the synthesis of ascorbate by converting glucose by means of the enzyme l-gulono-g-lactone oxidase (GLO). When sufficient ascorbate is present, it helps: control excess inflammation, support leukocyte function, inhibit microbial pathogen growth and neutralize harmful ROS. However, since humans lack the GLO enzyme, we are not able to synthetize ascorbate and must acquire nutritional or pharmacologic doses according the particular physiologic demands at hand.
 Some recent studies suggest that the use of ascorbic acid as part of a protective protocol against sars-covid-2 can reduce mortality in patients hospitalized in intensive care units with sepsis. This ascorbic acid protocol can significantly reduce mortality from sepsis.	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 Jun;151(6):1229-1238. , reduce ICU stay length.	Mitchell AB, Ryan TE, Gillion AR, Wells LD, Muthiah P. Vitamin C and Thiamine for Sepsis and Septic Shock. Am J Med. 2019 Aug 28. pii: S0002-9343(19)30699-0.  and significantly reduce the time to resolution of shock.	Iglesias J, Vassallo AV, Patel VV, Sullivan JB, Cavanaugh J, Elbaga Y. Outcomes of Metabolic Resuscitation Using Ascorbic Acid, Thiamine, and Glucocorticoids in the Early Treatment of Sepsis. Chest. 2020 Mar 16. pii: S0012-3692(20)30455-4. . The use of ascorbic acid injections also improved the ventricular function (EF) 72 h after surgery and reduced the length of ICU stay in patients undergoing coronary artery bypass surgery.	Emadi N, Nemati MH, Ghorbani M, Allahyari E. The Effect of High-Dose Vitamin C on Biochemical Markers of Myocardial Injury in Coronary Artery Bypass Surgery. Braz J Cardiovasc Surg. 2019 Dec 1;34(5):517-524. .
The use of ascorbic acid as an effective antiviral has been documented as early as 1949 when Frederick R. Klenner, MD, documented the ability of vitamin C to reliably cure many different acute infectious diseases and to reliably neutralize any toxin treated, when sufficiently dosed and administered for a long enough period of time.	Klenner FR.. Observations On the Dose and Administration of Ascorbic Acid When Employed Beyond the Range Of A Vitamin In Human Pathology Journal of Applied Nutrition 1971;23( 3 & 4). including the cure of 60 out of 60 (100%)  patients with polio within 4 days of ascorbic acid administration intramuscularly and orally.	Klenner FR. The Treatment of Poliomyelitis and Other Viral Diseases with Vitamin C,  Southern Medicine and Surgery,  July1949, 209       . He also reported the cure of advanced polio and its associated flaccid paralysis with ascorbic acid in 1951.	Klenner, F.R. Massive Doses of Vitamin C and the Virus Diseases, Journal of Southern Medicine and Surgery, April 1951;113(4): 101-107..
A paper by Marcial-Vega et al reported on the efficacy and safety of the use of intravenous 25-50 grams of ascorbic acid in the treatment of 56 patients with Chikungunya.  These patients reported clinical improvements with no reported side effects.  This protocol showed that the use of intravenous hydrogen peroxide and ascorbic acid is safe and strongly associated with a more than 71% post-infusion reduction of pain in patients affected with Chikungunya virus related arthralgia. 	Marcial-Vega V, Idxian Gonzalez-Terron G, Levy TE. Intravenous ascorbic acid and hydrogen peroxide in the management of patients with chikungunya. Bol Asoc Med P R. 2015 Jan-Mar;107(1):20-4.. 
These results are consistent with previous in-vitro research which has shown that ascorbic acid inactivates the polio.	Jungeblut, CW, Inactivation of Poliomyelitis virus in vitro by crystalline vitamin C (ascorbic acid): J Exp Med. 1935 Sep 30; 62(4):517- -21., herpes Holden; Molloy: Further experiments on the inactivation of herpes virus by vitamin C (l-ascorbic acid). Journal of Immunology 1937;33:251-257., vaccinia. Kligler and Bernkopf: Inactivation of vaccinia virus by ascorbic acid and glutathione. Nature 1937;139:965-966.,.	Turner G  Inactivation of vaccinia virus by ascorbic acid. J Gen Microbiol 1964;35:75-80 [14171261] , tobacco mosaic.	Lojkin M.  A study of ascorbic acid as an inactivating agent of tobacco mosaic virus. Contr. Boyce Thompson Inst. Pl. Res. 1936;8, 455., bacteriophage.	Lominski . Inactivation du bacteriophage par l’acide ascorbiqu J Nutr Sci Vi ascorbique. C r Seanc Soc Biol 1936;122:766.,.	Murata A, Oyadomari R, Ohashi T, Kitagawa K. Mechanism of inactivation of bacteriophage deltaA containing single-stranded DNA by ascorbic acid. J Nutr Sci Vitaminol (Tokyo). 1975;21(4):261-9.,.	Morgan AR, Cone RL, Elgert TM. The mechanism of DNA strand breakage by vitamin C and superoxide and the protective roles of catalase and superoxide dismutase. Nucleic Acids Res. 1976 May;3(5):1139-49.,.	Richter HE, Loewen PC. Rapid inactivation of bacteriophage T7 by ascorbic acid is repairable. Biochim Biophys Acta. 1982 Apr 26;697(1):25-30. , entero.	Salo RJ, Cliver DO. Inactivation of enteroviruses by ascorbic acid and sodium bisulfite. Appl Environ Microbiol. 1978 Jul;36(1):68-75., influenza.	Cheng LL1, Liu YY, Li B, Li SY, Ran PX.  [An in vitro study on the pharmacological ascorbate treatment of influenza virus]. Zhonghua Jie He He Hu Xi Za Zhi. 2012 Jul;35(7):520-3. and rabies.	Amato G Azione dell’acido ascorbico sul virus fisso della rabia e sulla tossina tetanica. Giornale di Batteriologia, Virologia et Immunologia (Torino). 1937;19:843-847 (rabies virus inactivated in vitro) viruses.
They are also consistent with previous clinical research showing ascorbic acid can resolve polio 9,10,11,.	Greer E.  Vitamin C in acute poliomyelitis Med Times. 1955 Nov; 83(11):1160-1. ,.	Baur, H, Poliomyelitis therapy with ascorbic acid: Helv Med Acta., 1952 Oct; 19(4-5):470-4.,  its associated flaccid paralysis10, acute hepatitis.	Dalton, WL, Massive Doses of Vitamin C in the treatment of Viral Diseases: J Indiana State Med Assoc., 1962 Aug; 55:1151-4.,.	Orens, S, Hepatitis B—A ten Day “Cure”. A personal History: Bull Phila Cty Dent Socc., 1983; 48(6):4-5.,.	Klenner F. Significance of high daily intake of ascorbic acid in preventive medicine. Journal of the International Academy of Preventive Medicine 1:45-69., viral encephalitis.	Klenner F. The treatment of poliomyelitis and other virus diseases with vitamin C. Southern Medicine & Surgery. 1949;111:209-214,.	Klenner F. Massive doses of vitamin C and the virus diseases. Southern Medicine & Surgery 1951;103:101-107.,.	Klenner F. The use of vitamin C as an antibiotic. Journal of Applied Nutrition 1953;6:274-278,.	Klenner F. Observations of the dose and administration of ascorbic acid when employed beyond the range of a vitamin in human pathology. Journal of Applied Nutrition 1971;23:61-88, measles.	Joffe MI, Sukha NR, Rabson AR. Lymphocyte subsets in measles. Depressed helper/inducer subpopulation reversed by in vitro treatment with levamisole and ascorbic acid. J Clin Invest. 1983 Sep;72(3):971-80 , mumps.	Karam F. Vitamins B1 and C in the treatment of mumps]. Rev Bras Med. 1953 Apr;10(4):285-6.[  , Herpes.	Zureick M. [Therapy of herpes and herpes zoster with intravenous vitamin C]. J Prat Rev Gen Clin Ther. 1950 Nov 30;64(48):586.,, influenza.	Cai Y, Li YF, Tang LP, Tsoi B, Chen M, Chen H, Chen XM, Tan RR, Kurihara H, He RR. A new mechanism of vitamin C effects on A/FM/1/47(H1N1) virus-induced pneumonia in restraint-stressed mice. Biomed Res Int. 2015;2015:675149.  and rabies in guinea pigs.	Banic S. Prevention of rabies by vitamin C. Nature. 1975 Nov 13;258(5531):153-4.. Also consistent with human case reports of influenza18, mononucleosis.	Mikirova N, Hunninghake R. Effect of high dose vitamin C on Epstein-Barr viral infection. Med Sci Monit. 2014 May 3;20:725-32., chikungunya.	Adrover-López PA, Gonzalez MJ, Miranda-Massari JR, Duconge J and Berdiel M. Inflammatory Sequelae After Chikungunya Virus Infection: Proposed. Journal of Restorative Medicine 2016; 5:39-45. and Zika.	González MJ, Berdiel MJ, Miranda-Massari JR, Duconge J. Rodríguez-López JL,  Adrover-López PA. High Dose Intravenous Vitamin C Treatment for Zika Fever. J Orthomolec Med 2016;31(1). in which intravenous vitamin C was utilized successfully as therapy.
Recently, there is some global movement leaning towards including ascorbic acid as part of the modalities used for the management of pulmonary failure due to the corona virus. One of these is a randomized protocol recently approved by the National Institutes of Health using 12 grams of intravenous ascorbic acid for severe infected 2019-nCov pneumonia. This research is led by Dr. ZhiYong Peng, Zhongnan Hospital in Wuhan, China.	Zhiyong Peng (PI), Wuhan University. Vitamin C Infusion for the Treatment of Severe 2019-nCoV Infected Pneumonia. https://clinicaltrials.gov/ct2/show/NCT04264533.. 
More recently another clinical study using 10 grams of iv AA for hospitalized patients With COVID-19 started in Italy. This study lead by Salvatore Corrao, MD from the University of Palermo started on March 13, 2020 .	Salvatore Corrao (PI)  University of Palermo. Use of Ascorbic Acid in Patients With COVID 19. https://www.clinicaltrials.gov/ct2/show/NCT04323514.
The Shanghai Expert Consensus on Covid-19 Treatment organized by the Shanghai Medical Association has included ascorbic acid as a treatment modality for Cov-2019 virus associated pneumonia. Shanghai Expert Group on Clinical Treatment of New Coronavirus Disease. Chinese Journal of Infectious Diseases, 2020, Pre-published Online. DOI: 10.3760/cma.j.issn.1000-6680.2020.0016.
An International Pulmonologist’s Consensus Group has stated that a moderate dose of IV vitamin C could be considered (e.g. 1.5 grams IV q6 ascorbic acid plus 200 mg thiamine IV q12) for treatment of this disease and they consider this dose to be safe. International Pulmonologist’s Consensus on COVID-19, Tinku, J and Ashkan,M, editors, 2020, pp.19.
On a presentation given to us by Dr. Enqian Mao, chief of Emergency Medicine Department at Ruijin Hospital, Shanghai, affiliated with the Joatong University School of Medicine and a member of the Senior Expert Team at the Shanghai Public Health Center and co-author of the Shanghai Guidelines for the Treatment of Covid-19 infection, an official document endorsed by the Shanghai Medical Association and the Shanghai city government he stated .	Personal communication with Dr. Enqian Mao.:
	In the year 2020, out of the 358 CoVid19 patients, 50 patients were treated with intravenous ascorbic acid (IVAA) 
	Dose was 10-20 gm infused over 24 hours
	A patient that continued to deteriorate received an increased dose of 50 gm of ascorbic acid infused over a period of 4 hours and started responding during the infusion. This patient had a complete recovery and was eventually discharged.
	All patients receiving IVAA improved and there was zero mortality

No side effects
Patients who received IVAA had average 5 days shorter stay (from 30 to 25 days)  than untreated patients


Given the track record of safety of intravenous ascorbic acid.	Padayatty SJ, Sun AY, Chen Q, Espey MG, Drisko J, Levine M. Vitamin C: intravenous use by complementary and alternative medicine practitioners and adverse effects. PLoS One. 2010 Jul 7;5(7):e11414. and the diversity of favorable actions of ascorbate in the management of viral infections on sepsis and the effects on diminishing inflammatory complications in the scientific and clinical literature we propose the evaluation of high dose intravenous ascorbic acid infusions as a therapeutic intervention in patients with severe acute respiratory infection from covid-19. We propose this study to evaluate the clinical safety and efficacy of high dose intravenous vitamin C in the clinical management of severe acute respiratory infection from covid-19.
Ascorbic Acid concentrations
Ascorbic acid, in addition to being a co-factor required for many physiological functions, in its reduced has a high electron-donating power and easily conversion back to the active reduced form. This gives that molecule to great ability to neutralize excess damaging oxidized reactive molecules.  Ascorbate concentrations in body fluids and tissues are regulated through interactions of intestinal absorption, cellular transport, and excretion. The amount of vitamin C needed to prevent scurvy is very small and generally believed to be easily obtained in nearly all Western diets. However large cohort studies in US and Canada during the 21st century showed that the prevalence of low plasma vitamin C concentrations are as high as 22% to 33%, with 7% to 14% of them showing  scorbutogenic deficiency. Schleicher RL, Carroll MD, Ford ES, et al. Serum vitamin C and the prevalence of vitamin C deficiency in the United States: 2003–2004 National Health and Nutrition Examination Survey (NHANES). Am J Clin Nutr 2009; 90: 1252–1263.,.	Cahill L, Corey PN and El-Sohemy A. Vitamin C deficiency in a population of young Canadian adults. Am J Epidemiol 2009; 170: 464–471.. Scurvy can be defined as a state of were signs or symptoms related to deficient ascorbate in the body associated with plasma ascorbate levels below 1.5 mg/L (0.0085 mM) .	Hagel AF, Albrecht H, Dauth W, Hagel W, Vitali F et al. Plasma concentrations of ascorbic acid in a cross section of the German population. J Int Med Res. 2018 Jan; 46(1): 168–174.  or  below 1.9 mg/L [0.011 mM (11 µM)] . Food and Nutrition Board, Institute of Medicine. Vitamin C. In: DRI Dietary Reference Intakes for vitamin C, vitamin E, selenium, and carotenoids. Washington, DC: National Academy Press, 2000:95–185.. Marginal ascorbate hypovitaminosis or low plasma levels is a state que reserves are minimal and can easily develop scurvy upon a significant physiological stress and are characterized by ascorbate concentrations below  23 µmol/L .	Carr AC1, Pullar JM2, Bozonet SM3, Vissers MC4. Marginal Ascorbate Status (Hypovitaminosis C) Results in an Attenuated Response to Vitamin C Supplementation. Nutrients. 2016 Jun 3;8(6). pii: E341.,.	Lykkesfeldt, J.; Poulsen, H.E. Is vitamin C supplementation beneficial? Lessons learned from randomized controlled trials. Br. J. Nutr. 2010, 103, 1251–1259.. Adequate levels to support health, depending on the criteria is either anything above 23 µmol/L 70 , or more specifically as recommended by a group European Countries, about 50 µmol/L that compensates for metabolic losses  .	Brubacher D1, Moser U, Jordan P. Vitamin C concentrations in plasma as a function of intake: a meta-analysis. Int J Vitam Nutr Res. 2000 Sep;70(5):226-37.,. Tetens, I. Scientific opinion on dietary reference values for vitamin C. EFSA J. 2013, 11, 3418. Consumption of 5-to 9 servings of fruits and vegetables daily, or a 200 mg ascorbate supplement has been estimated to produce steady-state ascorbate plasma concentrations of  70-80 μmol/L.	Levine M, Conry-Cantilena C, Wang Y, et al. Vitamin C pharmacokinetics in healthy volunteers: evidence for a Recommended Dietary Allowance. Proc Natl Acad Sci U S A 1996;93:3704-9.. Vigorous Oral vit C q 3 g 6 x d, peak values do not exceed 220 μmol/L.	Padayatty SJ, Sun H, Wang Y, Riordan HD, Hewitt SM, Katz A, Wesley RA, Levine M. Vitamin C pharmacokinetics: implications for oral and intravenous use. Ann Intern Med. 2004 Apr 6;140(7):533-7.. Only when the ascorbic acid is given intravenously in high gram doses a supra-physiological, millimolar concentration is achieved with pharmacologic properties .	González MJ1, Mora EM, Miranda-Massari JR, Matta J, Riordan HD, Riordan NH. Inhibition of human breast carcinoma cell proliferation by ascorbate and copper. P R Health Sci J. 2002 Mar;21(1):21-3.,.	Chen Q1, Espey MG, Krishna MC, Mitchell JB, Corpe CP, Buettner GR, Shacter E, Levine M. Pharmacologic ascorbic acid concentrations selectively kill cancer cells: action as a pro-drug to deliver hydrogen peroxide to tissues. Proc Natl Acad Sci U S A. 2005 Sep 20;102(38):13604-9. Epub 2005 Sep 12..  It has been documented that pharmacological concentrations of ascorbic acid in the milimolar range have antiviral properties against influenza virus in a dose dependent manner.	Cheng LL1, Liu YY, Li B, Li SY, Ran PX. [An in vitro study on the pharmacological ascorbate treatment of influenza virus]. Zhonghua Jie He He Hu Xi Za Zhi. 2012 Jul;35(7):520-3..








Ascorbate Plasma Levels
Scorbutogenic deficiency
<1.5 mg/L   (<8.5  µM) 69
<1.9 mg/L 70
Low plasma level
Sub-clinical vitamin C insufficiency (Nonspecific Sx, ie. fatigue, irritability  depression)
1.5  - 5 mg/L     (28 – 8.5  µM) 70 
 < 4 mg/L             (23 µmol/L) 71

Adequate plasma level (oral)
5-to 9 servings of fruits and vegetables or 200 mg supplement daily
>  5 mg/L (28 – 8.5  µM) 70
> 23 - 50 µmol/L 72
achieve SS  70-80 μmol/L
Low Pharmacologic  (oral)
Oral 2.5 g qid to 3 g 6 x d
50 - 220  µmol/L
micromolar
Mod-High Pharmacologic
10 - 50 gm intravenous dose
5000 - 13 400 µmol/L  
(5 - 13.4 mM ) milimolar 76


Ascorbic acid plasma Concentrations Analytical assay: 
Blood samples for ascorbate quantification will be measured using HPLC with coulorimetric electrochemical detector. This method has been shown to accurately quantify ascorbate in human plasma samples. The lower limit of ascorbate detection is typically 20 nM. Alternatively, the method that uses blood sugar meters could be adopted

Study Design and Methodology
Study type:			Interventional, phase I-II pilot clinical trial
Estimated enrollment:	TBD # participants
Allocation:			Randomized
Masking:			Triple (participant, care provider and outcome assessor)



Treatment/Experimental group: 

There are two randomizations.  The first one is done immediately after a presumptive diagnosis of Covid-19 associated pneumonia and will involve:



Randomization 1	

Oral Ascorbate or Placebo on patients with Presumptive CoVid-19 Pneumonia

	A treated group receiving 28 mg/kg every 30 minutes (rounded to the nearest 500 mg unit dose) from a presumptive diagnosis of Covid-19 pneumonia 


This can be accomplished by using ascorbate acid in fine crystals in 3-4 ounces water and having the patient drink the solution while the patient is awake until bowel tolerance (development of loose stool). 
Sick patients tolerate more ascorbic acid by mouth before diarrhea was produced. Dr. Carthcart reported that at least 80 percent of adult patients will tolerate 10 to 15 grams of ascorbic acid per day without having diarrhea when given dissolved in water in divided doses. In the case of very toxic diseases, doses may have to be taken every half hour. Short delays in taking these doses may prolong the disease.	Cathcart RF. The Method of Determining Proper Doses of Vitamin C for the Treatment of Disease by Titrating to Bowel Tolerance Othomolecular Psychiatry. 1981;10(2)125-132..
Absorption and distribution of ascorbate into the diseased tissues occur presumably because of increased ascorbate metabolism. Therefore, in order to supply the metabolic demand, this frequent dosing is designed to provide an adequate amount at an adequate rate 67.

	Oral placebo group.  This can be accomplished by using 5 mL of lemon concentrate diluting in 3-4 ounces water and having the patient drink the solution every hour while the patient is awake.


Oral bioavailability will be assessed by measuring blood concentration before starting oral intake and four samples after stating oral dosing at time: C0 = pre-dose, C1 = 1 hr, C2 = 2hr, C3 = 4 hr, and C4 = 8 hr.


Randomization 2	Patients enrolled the Study with confirmed CoVid-19 Pneumonia
After the second randomization both control and treated groups will receive standard medical support care which includes:
Severe Disease (14%)
Respiratory rate > 30/min
SPo2- <93%
PaO2/FiO2 <300
Lung infiltrates >50% within 24- 48 hours
	Critically ill (5%)
Respiratory failure (need of mechanical ventilation)
Septic shock
	MODS
	No drug of choice
Oxygen support
Oxygen saturation to be maintained above 90%
Conservative fluid management
	Give empirical antibiotics (As per institution based CAP guidelines)/ anti-viral (Oseltamivir)
High dependency / ICU care when needed
------------------------------------------------------------------------------------------------------

Control Group 			Conventional Treatment (CT) 

Experimental Group 		CT + Intravenous Ascorbate

Patients that agree to participate and fulfill the eligibility and enrolled intravenous study will go on to the second randomization after a confirmed diagnosis of Covid-19 infection by nasal/oral cavity PCR.


Study group
In addition to the standard treatment for the patient, the study group will also receive intravenous ascorbic acid as described next. A dose of 50 mg/kg body weight of ascorbic acid in 50-100 cc lactated ringer’s (or Sterile water or NSS) for injection iv Q6h for 7 days minimum. After 7 days of intravenous ascorbate, the treatment will be evaluated patients will continue treatment until achieving clinical endpoints. Patients will remain in intravenous ascorbate if:

Criteria for intravenous ascorbate
	Still in ICU
	Below 90% oxygen saturation
	Abnormal temperature (36.1 - 37.2file_1.png
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 C)

Positive cultures (for bacterial or fungi)
Unstable blood pressures (3 or more measurements varying 10 % or more)
Elevated white blood cell counts

In patients failing to respond and who are able to tolerate further fluids, a dose escalation to 100-200 mg/kg iv Q6 will be initiated and continued until the patient no longer maintains the intravenous ascorbate criteria. 

Control group
In addition to the standard treatment for the patient, the control group will also receive fifty cc volume of lactated ringer iv Q6h for 7 days.

Statistical Analysis Plan:

Percentages, measures of central tendency and dispersion measures will used to summarize the distribution of variables, as appropriate. Graphs will be used to best visualize the distributions. The intervention and control groups will be compared in terms of baseline characteristics, to evaluate the effect of randomization, using chi-square test (for categorical variables) and two-sample t-test or Mann-Whitney test (for continuous variables), depending on the normality of the distribution (based on the results of Shapiro-Wilk  normality test).  
Primary (28-days mortality, ventilation free days, and ICU length of stay) and secondary (hospital stay, resolution of symptoms, and change of duration of positive swabs) outcomes of the study will be compared between experimental and the standard of care (control) groups. Binary variables of mortality and resolution of symptoms (yes/no) will be assessed through Chi-square test and logistic regression models to evaluate the magnitude of the association. Also, Kaplan Meier analysis will be performed to estimate the survival over time. The association between survival time of patients and the ascorbic acid infusion intervention will be evaluated using the Cox proportional hazard models (if proportional odds assumption is met). 
All continuous outcomes will be compared between the ascorbic acid infusion intervention and the standard of care group using two-sample t- test; if normality assumption is not met, transformation of variables and non-parametric tests (Mann-Whitney test) will be considered. In addition, generalized linear regression models (GLM) will be performed to estimate the difference in outcome, along with their 95% confidence intervals, in patients with ascorbic acid infusion intervention as compared to those receiving the standard of care.
Interim analysis on the main outcomes will be conducted once the number of participants reaches 40% of the estimated sample size. Interim analysis results will be used to verify and fine-tune the planned sample size, as well as decide on early termination of the study based on evidence of intervention benefit. 
Stata v16 (College Station, Texas 77845 USA) will be used to analyze all the study data. Significance level will be set at 0.05 for all statistical tests. 
Ascorbic acid Plasma levels and pharmacokinetics (PK) assessment
Table 1. Timetable for dosing and blood sampling. * means vital signs taken.
Time post-dose (hrs)
Dose Number
Clock Time
Day 1
-
first
Before infusion*
0
first
After infusion, at 9:00 am*
6
first
3:00 pm; before next infusion*
Day 2
6
fourth
Before infusion*
0
fifth
After infusion, at 9:00 am*
1
fifth
10:00 am
2
fifth
11:00 am
4
fifth
1:00 pm
6
fifth
3:00 pm;  before next infusion*
Day 3 
0
ninth
30 min. after infusion, at 9:00 am*
Day 4
0
13th
30 min. after infusion, at 9:00 am*
Day 6 
0
21st
30 min. after infusion, at 9:00 am*





























	Oral dosing study phase - A blood samples before and after ascorbate dosing will be collected in order to ascertain baseline and post dosing plasma concentrations of ascorbic acid.



	Intravenous study phase - Blood samples will be taken to determine the concentrations achieved and study the possible correlation to efficacy and also if possible determine pharmacokinetic parameters of ascorbic acid in this population.


PK Experiment (IV administration): Vitamin C will be diluted with sufficient sterile water (or 50-100 cc lactated ringer’s) to produce an intravenous fluid osmolality of less than 1,200 mOsm (500 – 1,000 mOsm), which is well tolerated by most subjects. The infusion rate (R0) will range from 0.4 to 0.6 g/min, which is well tolerated by most patients. Thirty minutes before administration, an intravenous angiocatheter will be placed for blood sampling. Individuals will be administered intravenously multiple repeated doses of 50-100 mg/kg each of Vitamin C, every 6hrs, at the forearm region by intermittent short-term (10-15 min) IV infusions. Repeat this scheme during a minimum of 7 days. The intravenous vitamin C administration as well as blood samples collection for the study will be performed by nursing staff under supervision of the physicians of the study. Calculations were performed by using standard procedures based on early reported pharmacokinetic parameters 75,.	Blanchard J, Tozer TN and Rowland M.  Pharmacokinetic perspectives on megadoses of ascorbic acid.  Am J Clin Nutr 1997; 66:1165-71., .	Graumlich JF, Ludden TM, Conry-Cantilena C, et al.  Pharmacokinetic Model of Ascorbic Acid in Healthy Male Volunteers during Depletion and Repletion.  Pharmaceutical Research 1997; 14:1133-9.. 
Serial blood samples (5 ml at each time point; 12 points x 5 ml = 60 ml total within six days) will be taken under slight anesthesia from the catheter (counter-arm of the administration point), at the following times: First dose input (day 1, three points): pre-infusion; at the end of infusion and just before next input (day 1, at 03:00pm); fourth and fifth dose inputs (day 2, six points): before infusion, at the end of infusion and 1, 2, 4, and 6 hrs post-dose;  ninth, 13th and 21st dose inputs (day 3, 4 and 6, one point each): 30 min. after infusions. All blood samples will be collected in EDTA purple top containers, and centrifuged at 4ºC for 10 minutes at 1000 x g within 30 minutes of collection. Then, they will be separated into fractions and stored frozen until assay. Likewise, a fraction from the last blood sample taken (at 96 hrs after the third dose) will 
 be used to determine serum creatinine (SCr, mg%) and BUN in each subject. The purpose of these assays is to rule out the occurrence of azotemia and to test renal 
 function after completing the dosing scheme. Table 1 shows the time schedule for dosing and blood sampling. In addition, 12-hour urine will be collected from time to first dose (day 0) up to 144 hrs post-dose (day 6). The volume of urine (mL) will be determined for each collected sample and a portion will then be used for oxalate, uric acid assays and excreted ascorbate and dehydroascorbate (DHA) quantification. An acidic preservative (30 ml, HCL 6N) will be added to each container for urine collection during the last two 12-hour intervals to measure oxalate levels.

The traditional standard “single two-stage” (STS) method will be follow for obtaining both individual and average population PK data of vitamin C at high intravenous (IV) and oral doses. Additionally, the relationship between the PK parameters and subject characteristics (e.g., age, weight, gender, and degree of renal function) will be determined by categorization and regression analysis. The corresponding average population pharmacokinetic parameters (typical value) and variance (±S.D.) will be calculated from individual estimates following the STS method. Individual observations from each subject will be modeled separately to obtain average PK parameters. Covariates will be explored, but subjects with more or few observations will be weighed equal. Thus, average values will not be influenced by extreme observations. Uncertainty in individual parameter estimates is ignored, but each subject’s covariate and pharmacokinetic parameter will be correlated to explain between-subject variability (BSV). For PK purposes, no less than three subjects need to be enrolled in each dosage level to accomplish the proposed goals. Ideally, five to six subjects will suffice for each dosage levels to be tested.

Data analysis will be performed using a combined linear–log linear trapezoidal rule approach by following a non-compartmental analysis (NCA) in WinNonlin (Phoenix® WinNonlin® 7.0 software, Certara, NC, USA). PK parameters using the moments of the curve will be determined (e.g., area under curve, AUC; mean resident time, MRT). A time zero value will be considered for extrapolation purposes. The linear trapezoidal rule will be used up to peak level, after which the logarithmic trapezoidal rule will be applied. Lambda z is a first-order rate constant associated with the terminal (log linear) segment of the curve. It will be estimated by linear regression of the terminal data points. The largest adjusted regression will be selected in order to estimate lambda z, with one caveat: if the adjustments do not improve, but are rather within .0001 of the largest value, the regression with larger number of points will be used.

Primary Outcome Measures
	28 days mortality [Time Frame: on the day 28 after enrollment] whether the patient survives
	Ventilation free days
	ICU length of stay [ Time Frame: on the day 28 after enrollment ] days of the patients staying in the ICU

Secondary outcome measures
	Hospital stay [ Time Frame: 72 hours ] 
	Ascorbic acid plasma concentration for correlation to outcomes
	Pharmacokinetic parameters of ascorbic acid in study population
	Symptoms [ Time Frame: 72 hours ] Resolution of symptoms (Fever, Cough, Shortness of breath or difficulty breathing)

Positive swab [ Time Frame: 72 hours ] Change of duration of positive swab (nasopharynx and throat)
Tomography imaging [ Time Frame: 72 hours ] Resolution of tomography imaging (example, patches located in the sub-pleural regions of the lung)
	Demand for first aid measurements [ Time Frame: on the day 28 after enrollment ] the rate of CPR
Vasopressor days [ Time Frame: on the day 28 after enrollment ] days of using vasopressors
Respiratory indexes [ Time Frame: on the day 10 and 28 after enrollment ] P O2/Fi O2 which reflects patients' respiratory function
	Ventilator parameters [ Time Frame: on the day 10 and 28 after enrollment ] ECMO or ventilator
	APACHE II scores [ Time Frame: on the day 10 after enrollment ] Acute Physiology and Chronic Health Evaluation
SOFA scores [ Time Frame: on the day 10 after enrollment ] Sepsis-related Organ Failure Assessment
	PCR levels [ Time Frame: 72 hours ]
	Reduction of PCR levels > 50% in comparison with PCR levels at the admission, within 72 hours after the administration
	Lactate clearance [ Time Frame: 72 hours ] Change of the lactate clearance


Eligibility Criteria
Inclusion Criteria:
	≥  21 years old

Diagnosed as serious or critical SARI (according to the 4th version of Diagnosis and Clinical management of CoVi-19 infected pneumonia); Being treated in the ER, Hospital or ICU 
	Positive swab test of SARS-CoVi-19 and/or positive CoVi-19 antibodies
	Patients hospitalized with a diagnosis of COVID-19 based on positive RT-PCR of nasal, oropharyngeal, or BAL specimen with hypoxemia, (i.e., decrease in oxygenation, as outlined below)
New pulse oximetry saturation < 93% on room air OR
Any new requirement of supplemental oxygen, with any device
In patients with supplemental oxygen at home, any increase in the requirement of supplemental oxygen.

Exclusion Criteria:
	Allergic to Ascorbic acid

Dyspnea due to cardiogenic pulmonary edema;
	Pregnant or breastfeeding
	Moribund patients not expected to survive 24 h
	There is a state of tracheotomy or home oxygen therapy in the past;

Previously complicated with end-stage lung disease, end-stage malignancy, glucose-6-phosphate dehydrogenase deficiency, diabetic ketoacidosis, and active kidney stone disease;
The patient participates in another clinical trial at the same time.
	Glucose-6-phosphate dehydrogenase enzyme deficiency
	Receiving mechanical ventilation >7 days
	Did not have full support from patient/surrogate/physician

Alveolar hemorrhage (vasculitis)
Active kidney stone
Home mechanical ventilation via tracheostomy
Wards of the state (inmate, other)
	Home 02 >2 L/min (except with CPAP/BIPAP)
	Body mass index >40

Interstitial lung disease requiring continuous home oxygen
Diabetic ketoacidosis
No indwelling venous/arterial catheter in those taking insulin that requires glucose checks more than twice daily (continuous infusion, sliding scale)
Chronic Renal Failure (i.e., glomerular filtration rate less than 50 cc/minute)
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