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Abstract

Background: Few specific medications have been proven effective for the treatment of patients with severe
coronavirus disease 2019 (COVID-19). Here, we tested whether high-dose vitamin C infusion was effective for severe
COVID-19.

Methods: This randomized, controlled, clinical trial was performed at 3 hospitals in Hubei, China. Patients with con-
firmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in the ICU were randomly assigned

in as 1:1 ratio to either the high-dose intravenous vitamin C (HDIVC) or the placebo. HDIVC group received 12 g of
vitamin C/50 ml every 12 h for 7 days at a rate of 12 ml/hour, and the placebo group received bacteriostatic water for
injection in the same way within 48 h of arrival to ICU. The primary outcome was invasive mechanical ventilation-free
days in 28 days (IMVFD28). Secondary outcomes were 28-day mortality, organ failure (Sequential Organ Failure Assess-
ment (SOFA) score), and inflammation progression (interleukin-6).

Results: Only 56 critical COVID-19 patients were ultimately recruited due to the early control of the outbreak. There
was no difference in IMVFD28 between two groups (26.0 [9.0-28.0] in HDIVC vs 22.0 [8.50-28.0] in control, p=0.57).
HDIVC failed to reduce 28-day mortality (P=0.27). During the 7-day treatment period, patients in the HDIVC group
had a steady rise in the PaO,/FiO, (day 7: 229 vs. 151 mmHg, 95% ClI 33 to 122, P=0.01), which was not observed in
the control group. IL-6 in the HDIVC group was lower than that in the control group (19.42 vs. 158.00; 95% Cl -301.72
t0-29.79; P=0.04) on day 7.

Conclusion: This pilot trial showed that HDIVC failed to improve IMVFD28, but might show a potential signal of ben-

coronavirus 2

efit in oxygenation for critically ill patients with COVID-19 improving PaO2/FiO2 even though.
Keywords: High-dose intravenous vitamin C, Coronavirus disease 2019, Severe acute respiratory syndrome

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has become a global health issue [1, 2].
While the majority of patients presented with mild symp-
toms and did not even need hospitalization [3], nearly
30% of adult patients suffer from severe pneumonia and
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acute respiratory distress syndrome (ARDS), often asso-
ciated with sepsis or septic shock, and multiple organ
(kidney, liver, and heart) failure. Patients with ARDS and
systemic complications require critical care and lead to a
higher risk of death [4, 5, 6]. Due to the lack of effective
medications against SARS-COV-2, the main manage-
ment is supportive therapy.

Similar to the pathophysiology of severe acute res-
piratory syndrome (SARS)-related ARDS, SARS-CoV-2
infection stimulates the innate immune system, causing
numerous types of cytokine release, namely, a “cytokine
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storm’, inducing systemic inflammatory response [7, 8]
and multiple organ failure [9, 10]. A retrospective study
on SARS suggested that the worsening after 2 weeks was
not related to uncontrolled viral replication, but related
to immunopathological damage [11]. Therefore, antivi-
ral therapy alone may be insufficient to treat COVID-19
patients.

Vitamin C (ascorbic acid, ascorbate) functions as a
potent water-soluble antioxidant by directly scavenging
oxygen free radicals and acting as an essential co-factor
for the production of catecholamines, vasopressin, and
cortisol in the human body [12]. Vitamin C is also found
in high concentrations in leukocytes and implicated in
several immune responses and functions [13]. Emerg-
ing evidence in preclinical studies indicated that vita-
min C played a crucial role in ameliorating the effects of
inflammation by inhibiting proinflammatory cytokine
production, assisting immunoregulation, neutralizing
reactive oxygen species (ROS), and protecting host cells
[14, 15]. Hypovitaminosis C was ubiquitous in critically
ill patients, and approximately 40% of the patients had
a severe deficiency [16], while the low vitamin C serum
level cannot be corrected by oral supplementation due to
the issue of pharmacokinetics [17]. In a latest research,
of 18 adult ICU patients COVID-19 who met ARDS
criteria, 94.4% had undetectable vitamin C levels and 1
patient had low levels [18]. Thus, high-dose intravenous
vitamin C (HDIVC) was added to the standard therapy of
critically ill patients in recent studies, such as sepsis [19—
21], ARDS [21, 22], cardiac surgery [23], and burn [24].
The results showed that HDIVC was safe for critically ill
patients and significantly reduced vasopressor support
[25], limited organ injury [26], shortened the duration of
mechanical ventilation [27] and ICU stay [28], and safety/
feasibility in severe sepsis [19]. Additionally, vitamin
C has direct nonspecific antiviral activity in vitro [29],
although it is unclear whether this confers any protection
to humans with COVID-19.

Therefore, we hypothesized that HDIVC together with
conventional treatments would improve the outcomes for
adult patients admitted to the ICU due to severe COVID-
19 by preventing cytokine storms and reducing lung
and other organ injuries. In this context, we conducted
this multicenter, randomized, blind clinical trial to pro-
vide a therapeutic strategy for critically ill patients with
COVID-109.

Methods

This study is a multicenter, randomized trial that was
approved by the ethics committee of Zhongnan Hos-
pital of Wuhan University (#2020001). This study was
conducted in the ICUs of Zhongnan Hospital of Wuhan
University, Leishenshan (Thunder God Mountain)

Page 2 of 12

Hospital, and Taihe Hospital from February 14, 2020,
to March 29, 2020. The ICUs specifically for COVID-
19 from Zhongnan Hospital and Leishenshan Hos-
pital were managed by the same team. The trial was
registered on the website of ClinicalTrials.gov (ID:
NCT04264533; registered February 14 2020) before
patient recruitment.

Patient enrollment

Patients were screened and enrolled following admis-
sion to the three ICUs. The patients who were diag-
nosed as severe SARS-CoV-2-related pneumonia,
appeared or had a high risk of multiple organs injury
would be transferred to ICU. The following inclusion
criteria were met: (1) age > 18 and <80 years; (2) RT-
PCR positive for SARS-CoV-2; (3) pneumonia con-
firmed by chest imaging and admission to the ICU;
(3) PaO,/FiO4(P/F)<300 mmHg. Exclusion criteria
were allergy to vitamin C, pregnancy or breastfeeding,
expected survival duration<24 h, and previous his-
tory of glucose-6-phosphate dehydrogenase deficiency
or end-stage pulmonary disease. Patients who were
already enrolled in other clinical trials were excluded
as well. If these criteria were met within 48 h of ICU
admission, informed consent was obtained from the
patients or their family members. The reason was
because the efficacies of the treatments could not be
evaluated with limited times of treatment.

Randomization, allocation and blinding

Each ICU was assigned with an independent random
numeric table generated by Microsoft Excel 2019 by the
primary investigator alone. Each table had equal numbers
of 1 and 2, which represented the placebo group (bacte-
riostatic water infusion) and treatment group (HDIVC),
respectively. The generated random list was stored by
the principal investigator who was not involved in the
treatment of patients and hidden to the other investi-
gators. When a patient was transferred to the ICU and
met the enrollment criteria, the clinician on duty would
inform the principal investigator and obtain a number
from the list. Then, participants were enrolled in the cor-
responding group according to the chronological order
of ICU recruitment. The grouping and intervention were
unknown to the participants and investigators who were
responsible for data collection and statistical analysis. VC
injection and sterile water for injection were both color-
less and contained in the same brown syringes with dif-
ferent marks and without explanations on the syringe to
make sure that patients could not distinguish the treat-
ment they receive.
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Study interventions

Patients were randomized to receive vitamin C or pla-
cebo within 48 h after admission to the ICU. To con-
trol the infusion rates accurately and not affect the fluid
management of severe patients, we infused vitamin C
or placebo via central vein catheterization controlled by
a pump. The study groups in this trial were (1) HDIVC:
24 g vitamin C per day. Patients were infused with 12 g
vitamin C diluted in 50 ml of bacteriostatic water every
12 h at a rate of 12 ml/hour by infusion pump for 7 days.
(2) Placebo: 50 ml of bacteriostatic water infused every
12 h at the same rate. Study interventions were initiated
on the same day as informed consent and randomization.
The preparation, transportation, storage, and use of ther-
apies (VC and bacteriostatic water for injection) were in
line with the drug management protocol in each hospital.

General treatments and standard procedure of ventilation
supports

In addition, other general treatments followed the latest
COVID-19 guidelines [30]. Oseltamivir and azithromycin
were usually used in the general ward. After ICU admis-
sion, low weight molecular heparin was applied for the
prevention deep vein thrombus. Piperacillin/tazobactam
was used for patients receiving tracheal intubation.

If the patients showed the symptoms of rapid deteriora-
tion of hypoxemia, severe ARDS, or septic shock, hydro-
cortisone (1 mg/kg/day) could be considered.

Respiratory support (IMV, NIV and HFENC) were given
to patients with hypoxic respiratory failure and ARDS.
If respiratory failure could not be improved or wors-
ened continuously within a short time after using HFNC
or NIV, intubation were performed and the approach
of lung-protective ventilation was applied. ECMO was
considered as the rescue therapy when the refractory
hypoxemia was difficult to be corrected by protective
lung ventilation [4]. When patients’ respiratory func-
tions improved and were ready for weaning from the
ventilators, the spontaneous breathing test (SBT) was
performed. After the SBT was passed, invasive ventila-
tor was considered to remove with the endotracheal tube
extubation.

Risks and adverse events

Adverse events (AEs) related to HDIVC included (1)
nausea or vomiting during or after infusion of VC; (2)
electrolyte disturbance; and (3) acute kidney injury,
as described by Khoshnam-Rad [31]. AEs and serious
adverse events (SAEs) were observed and followed in
accordance with the good clinical practice guidelines
issued by the National Medical Products Administration
of the People’s Republic of China. If any severe adverse
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events were observed during infusion, the infusion was
stopped immediately, and the patient’s vital signs were
carefully monitored. All the AEs and SAEs were recorded
in detail, and the causal relationship between the infusion
and AEs was analyzed.

Data collection and management

Baseline data, which included demographics, anthropo-
metrics, comorbid conditions, vital signs, Acute Physi-
ology and Chronic Health Evaluation II (APACHE II)
scores, and Glasgow Coma Scale (GCS) scores, were
obtained on the day of randomization. Laboratory data,
Sequential Organ Failure Assessment (SOFA) scores,
PaO,/FiO,, and other treatments used were monitored
on days 1, 3, and 7 (day 1 was defined as the day of the
first administration of study drug).

The primary outcome of the study was invasive
mechanical ventilation (IMV)-free days in 28 days
(IMVFD28). Secondary outcomes included 28-day mor-
tality, organ functions and inflammatory parameters,
including white blood cell counts, neutrophil counts,
lymphocyte counts, procalcitonin, interleukin-6 (IL-6),
and C-reactive protein (CRP). Multi-organ dysfunction
was assessed using SOFA scores. Additionally, vasopres-
sor days, respiratory support days (including invasive and
noninvasive mechanical ventilation), IMVFD28, patient
condition improvement rate, patient condition deterio-
ration rate, length of ICU and hospital stay, ICU and in-
hospital mortality were recorded as additional secondary
outcomes of this research. IMVFD28s were defined as
the number of days a patient was extubated after recruit-
ment to day 28. If the patient died with MV, a value of
zero was assigned. Deterioration of the patient’s condi-
tion was defined as the patient requiring HFNC or NIV
on day 1 and requiring ECMO or IMYV, or dying, after
7 days of treatment. Improvement of the patient’s condi-
tion was defined as the patient requiring ECMO or IMV
on day 1 and switching to HENC, NIV, or discharged
from the ICU after 7 days of treatment. The P/F was cal-
culated based on the PaO,/FiO,, and we choose the low-
est values recorded on the specific day. All the data were
collected from the clinical information system of three
ICUs. Septic shock was identified according to Interna-
tional Guidelines for Management of Sepsis and Septic
Shock (2016). Acute kidney injury was identified accord-
ing to the Kidney Disease: Improving Global Outcomes
definition. Acute cardiac injury was defined as the serum
levels of troponin I were above the 99th percentile upper
reference limit or new abnormalities were shown in elec-
trocardiography and echocardiography. Acute liver fail-
ure (ALF), which is defined as coagulopathy (INR > 1.5),
hepatic encephalopathy, and onset less than 26 weeks
in a patient without underlying chronic liver disease.
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Coagulation disorders were defined as the presence of
D-dimer >0.24 mg/L or FDP >5 mg/L.

Statistical analysis

The sample size was calculated according to primary
endpoint, as this trial began at the early stage of COVID-
19, such preliminary data lacked, and the sample size was
finally calculated from the previous studies on ARDS
[21]. We used the non-inferiority test formula to cal-
culate the sample size with a one-sided error rate («) of
2.5%, a power of 80%, and a withdrawal rate of 10%, and
the anticipated sample size was 140. With the control of
the epidemic, this trial was stopped early, and the num-
ber of qualifying COVID-19 patients did not satisfy the
anticipated sample size. Thus, we considered this trial as
the pilot trial. Numerical variables are described as the
mean with standard deviation (SD) or median with inter-
quartile range (IQR) according to distribution and were
compared with the t-test/Mann—Whitney U test. Cate-
gory data are represented as frequencies and proportions
and compared with the Chi-square test and Fisher’s exact
test. The primary intention-to-treat analysis included all
randomized participants. For the outcome variables, the
hazard ratio and 95% CI were estimated by the Cox pro-
portional risk model for mortality, and odds ratios with
95% CI were calculated by binary logistic regression for
the other variables. Kaplan—Meier analysis was used to
estimate the 28-day mortality to reflect the early sur-
vival differences for the two groups, and survival curves
were compared with the Wilcoxon test. Survival analyses
were further performed in subgroup with SOFA score
more than 2. The testing was 2-sided, and a P-value <0.05
was considered statistically significant. SPSS 20.0 and
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GraphPad Prism 8.0 were used to complete data process-
ing and statistical analysis.

Results

Baseline characteristics of the patients

A total of 66 patients were identified (Fig. 1), 56 patients
of them were enrolled and randomized in this study from
February 14, 2020, to March 29, 2020. Patients were
enrolled in the Leishenshan (Thunder God Mountain)
Hospital (39 patients), Zhongnan Hospital of Wuhan
University (11 patients), and Taihe Hospital of Hubei
University of Medicine (6 patients). All participants (56)
were included in the primary intention-to-treat analy-
sis, 50 (89.2%) received the full 7-day treatment course, 4
(7.14%) only received 5 or 6 days of treatment due to dis-
charge from the ICU, and 2 of them only received treat-
ment for less than 3 days due to early death of natural
process. Tables 1 and 2 shows the baseline demographic
and clinical characteristics of the 56 patients.

The average age of the study patients was
66.7+£12.7 years, and 66.1% of the patients were male.
The APACHE II score of all patients was 13.5 (IQR, 10.2-
15.7), with no differences between groups. The most
common comorbidity was hypertension (44%), followed
by diabetes (30%) and coronary heart disease (22%). The
average time from symptom onset to starting HDIVC
treatment was 17 (11-25) days. No significant differences
in vital signs, laboratory results, disease severity, or treat-
ments were observed between groups at baseline.

Primary outcome
The IMVFD28 was 26.0 days [9.0-28.0] in HDIVC, and
22.0 days [8.50—28.0] in placebo group, but this difference

Screened(n=66)

Enrolled(n=56)

i Excluded(n=10) :
1 (1)Age< 18 years(n=0); E
1 (2)Allergy of vitamin C(n=0); i
—— > (3)Pregnant or breastfeeding(n=0); E

! (4)Survival duration< 24 hours(n=6);
! (5)Previous history of end-stage pulmonary disease(n=4);
(6)Glucose-6-phosphate dehydrogenase deficiency(n=0)

'
|
|
.

HDIVCgroup(n=27)

Placebo group(n=29)

Fig. 1 Flowchart of patients. HDIVC high-dose intravenous vitamin C
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Table 1 Baseline characteristics of intention-to-treat patients
Variable All patients (n=56) Vitamin C (n=27) Placebo (n=29) PValue
Demographics
Age, years 66.7+12.7 663+11.2 67.0+143 0.86
Gender, male, n, % 36(66.1) 15(55.6) 22(75.9) 0.09
Height, cm 168.8£6.6 167.0+£6.9 1708+5.8 0.08
Weight, kg 62.0£10.5 59.7£11.2 644+£94 0.16
Centers
Zhongnan Hospital of Wuhan University, n, % 11(19.6) 5(18.5) 6(20.6) -
Leishenshan (Thunder God Mountain) Hospital, n, % 39(69.6) 19(70.4) 20(69.0) -
Taihe Hospital, n, % 6(10.7) 3111 3(10.3) -
General condition on randomization day
Highest temperature,’C 374£10 37.3£08 374£1.1 0.65
Highest heart rate, times/min 9244185 9534192 8984178 027
Lowest MAP, mmHg 910179 884+166 9341189 049
Highest RR, times/min 25[20-36] 25[21-31] 24[20-30] 0.19
Lowest SPO,, % 93[88-98] 93[81-98] 93[90-97] 0.93
APACHE Il score 13.5[10.3-15.8] 14.0[11.0-16.0] 13.0[9.5-15.0] 0.24
GCS score 15.0[14.5-15.0] 15.0[13.0-15.0] 15.0[15.0-15.0] 0.75
Comorbidities, n, %
Diabetes 17(30.4) 8(29.6) 9(32.1) 0.57
Hypertension 25(44.6) 10(37.0) 15(51.7) 0.20
Coronary heart disease 12(214) 4(14.80) 8(27.6) 033
Chronic lung disease 3(5.4) 1(3.7) 2(6.9) 1.00
Chronic renal failure 1(1.8) 1(3.7) 0(0.0) 048
Malignant tumor 3(5.4) 3(11.1) 0(0.0) 0.11
Nervous system diseases 11(20.4) 7(25.9) 4(13.8) 0.32
Median duration of symptoms before HDIVC therapy, days 17.0[11.0-25.0] 22.0[11.0-33.0] 15.0[11.0-22.0] 0.18
Other treatments during 7 days HDIVC therapy
Corticosteroid use, n, % 18(32.1) 8(36.4) 10(38.5) 1.00
Antibiotic, n, % 51091.1) 24(92.3) 27 (964) 1.00
Net fluid balance, mL/24 h
Day 1 190[-1487-662] 252[-252-810] 155[-520-499] 0.39
Day 2 156[-349 -653] 192[-508-883] 121[-90 -577] 0.94
Day 3 62[-703-768] -240[-1004 -233] 463[5-1351] 0.02

Data were expressed as mean =+ standard deviation, as median [interquartile range], or as numbers (percentage). Comparisons were performed using Student’s t test,

Wilcoxon-Man-Whitney, Chi-square, or Fisher’s exact

SD standard deviation, IQR interquartile range, APACHE Acute Physiology and Chronic Health Evaluation, GCS Glasgow Coma Scale, HD/VC high-dose intravenous

vitamin C

was not statistically significant (P=0.57, HR, CI: 4.8[-4.7
to 7.2]) (Fig. 2). The post hoc computation of power for
IMVFD28 was 0.3.

Secondary outcomes

Kaplan—Meier analysis was used to estimate the 28-day
mortality, and survival curves were compared with the
Wilcoxon test (P=0.27) among all the enrolled patients
with COVID-19. Meanwhile, the Cox regression was
used for comparisons (P=0.31, HR, 0.50 [95% CI 0.2

to 1.8]). HDIVC infusion exhibited a trend of reduction
in 28-day mortality (P=0.06) in more severe patients
(SOFA score > 3) using univariate survival analysis, and
Cox regression showed a similar results (P=0.07, HR,
0.32 [95% CI 0.10-1.06]) (Fig. 3).

As shown in Fig. 4, the median SOFA score increased
from 2.0 to 6.0 in the placebo group while it slightly
decreased from 3.5 to 3.0 in the HDIVC group on day
7. However, there was no statistically significant differ-
ence in SOFA scores between the two groups on days 3
and 7. During the 7-day treatment period, the P/F in the
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Table 2 Outcomes in a trial of HDIVC in patients with COVID-19

Variable Day Vitamin C (n=27) Placebo (n=29) Difference, P value
coefficient (95% ClI)
IMVFD28, days 26.0[9.0-28.0] 22.0[8.5-28.0] 13(—47t072) 057
IMV days to day 28, days 1.5[0.0-19.0] 6.0[0.0-16.0] —08(—641t049) 0.60
HFNC days to day 28, days 0.5[0.0-8.3] 2.0[0.0-7.0] 02(—=29t03.3) 0.85
NIV days to day 28, days 0.0[0.0-3.3] 0.0[0.0-1.8] 1.2(—1.2t03.7) 0.68
Patients’ condition deterioration, n, % 3(11.5) 6(24.0) 04(0.1t0 1.7) 0.19
Patients’ condition improvement, n, % 5(19.2) 6(21.4) 0.9(0.2t0 3.3) 0.84
ICU mortality, n, % 6(22.2) 11(37.9) HR 0.5(0.2 to 1.5) 0.20
ICU mortality of patients with SOFA>3,n, % 5(21.7) 11(524) HR 0.2(0.1 t0 0.9) 0.04
ICU stay, days 229+148 178+133 50(=251t0127) 0.20
Hospital mortality, n, % 6(22.2) 11(37.9) HR 0.5(0.2to 1.5) 0.20
Hospital mortality of patients with SOFA>3,n, % 5(1.7) 11(524) HR 0.2(0.1t0 0.9) 0.04
Hospital stay, days 3504170 3284170 22(—75t011.8) 0.65
28-day mortality, n, % 6(22.2) 10(34.5) HR 0.5(0.2 to 1.8) 0.31
28 days mortality of patients with SOFA> 3, n, % 5(21.7) 10(47.6) HR0.3(0.1to 1.1) 0.07
SOFA scores
1 3.5[3-6.8] 2.0[3.0-5.0] 0.7(-=09t023) 037
3 4.0[2.0-8.0] 4.0[3.0-7.0] —03(=261019) 0.50
7 3.0[2.0-5.8] 6.0[2.50-8.0] —1.14(— 3.1t00.8) 0.24
A\7 0.0[-2.75-1.0] 0.0[-1.0-3.5] — 1.35(-3.04—0.34) 0.25
Lowest P/F
1 188.7£954 2106+£1285 34.6(— 91,910 48.0) 0.53
3 2173+£96.5 189.5+£101.9 30.7(— 34310 89.9) 037
7 2285+726 150.7+£753 22.1(33.2t0 122.5) 0.01
A7 20.0+£96.68 —51.88+150.72 41.02(5.92-172.45) 0.04
Lowest MAP
1 8844166 9344189 —3.34(—13.08-638) 049
3 87.6+£1242 91.00+£14.00 —340(—10.74-394) 036
7 87.74+£14.24 88.77+£10.97 — 1.03(— 8.58-6.53) 0.79
Advanced life support, n, %
CRRT
1 1(3.8) 3(10.7) OR0.3(0.0t0 3.5) 0.61
7 3(12.5) 1(3.8) OR3.57(04 t0 36.9) 034
ECMO
1 13.8) 2(7.1) OR0.5(0.0t0 6.0) 1.00
7 0(0.0) 2(9.1) OR0.5(04t00.7) 0.50
Oxygen-support category
HFNC
1 7(25.9) 11(37.9) OR0.6(0.2t0 1.8) 0.40
7 11(47.8) 9(39.1) OR 14.3(04 to 4.6) 0.77
NIV
1 7(25.9) 7(24.1) OR1.1(031t03.7) 1.00
7 7(304) 2(8.7) OR4.6(0.8t025.2) 0.14
IMV
1 11(40.7) 12(41.3) OR1.0(0.3t029) 1.00
7 10(43.5) 11(47.8) OR0.8(0.3t02.7) 1.00
Complications, n, %
Septic shock 9(34.6) 8(28.6) OR1.3(04t024) 0.77
Acute cardiac injury 7(26.9) 13(48.1) OR0.4(0.1t0 1.3) 0.16
Acute liver injury 12(48.0) 13(48.1) OR1.0(0.3t0 3.0) 1.00
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Table 2 (continued)

Variable Day Vitamin C (n=27) Placebo (n=29) Difference, P value
coefficient (95% Cl)

Acute kidney injury 3(12.0) 6(22.2) OR0.5(0.1t02.2) 0.50

Coagulation disorders 9(34.6) 7(25.9) OR 1.5(0.5 t0 5.0) 0.56

Data were expressed as mean =+ standard deviation, as median [interquartile range], or as numbers (percentage). Hazard ratio and 95% Cl were estimated by Cox
proportional risk model. Odds ratio with 95% Cl were calculated by binary logistic regression for the rest. Absolute difference was expressed as a percentage with the
95% Cl range. P values were calculated by logistic regression. /A7 means the difference between the value from Day 1 to Day 7

IMVFD28 invasive mechanical ventilation-free days in 28 days, HDIVC high-dose intravenous vitamin C, COVID-19 coronavirus disease 2019, SD standard deviation; IQR,
interquartile range; HR hazard ratio, OR odds ratio, C/ confidence interval, SOFA Sequential Organ Failure Assessment, P/F PaO,/FiO,, MAP mean arterial pressure; CRRT,
continuous renal replacement therapy, ECMO extracorporeal membrane oxygenation, HFNC high flow nasal cannula, IV invasive ventilation; IMV, invasive mechanical

ventilation, NIV noninvasive mechanical ventilation, ICU intensive care unit

P=0.57, CI:4.8(-4.7 to 7.2)
30.0
25.0
w  20.0
]
=
& 15.0
[=
S
> 10.0 1
P
5.0 1
0.0 1
Placebo HDIVC
Fig. 2 The IMVFD28 in high-dose intravenous vitamin C and
placebo group. The IMVFD28 was 26.0 days[9.0-28.0] in HDIVC,
and 22.0 days[8.5-28.0] in placebo group, but this difference was
not statistically significant (P=0.57, Cl 4.8[-4.7 to 7.2]). IMV invasive
mechanical ventilation, HDIVC high-dose intravenous vitamin C

HDIVC group was 228.5 mmHg, and 150.7 mmHg in
the control group (95% CI 33.2 to 122.5; P=0.01), and
improved over time in HDIVC group (Fig. 4). The delta
P/F from day 1 to day 7 was (20.0 £ 96.7 in HDVIC and.
-51.94150.7 in control, P=0.04 (difference 41.0 (5.9—
172.5)). IL-6 in the HDIVC group dropped to 9.4 pg/ml,
while it increased to 158.0 pg/ml in the placebo group
(95% CI -301.7, -29.8; P =0.04) on day 7. There was no
significant difference in other anticipated infectious
indicators and inflammation biomarkers between the
two groups (Table 3). In addition, total bilirubin was
8.40 in HDIVC group, and 14.9 in placebo group (95%
CI -18.3 to -0.6; P=0.03, Table 3). The ICU mortality
of severe patients (baseline SOFA score > 3, n=42) was
improved in the HDIVC group (P=0.03, HR, 0.22 [95%
CI10.1-0.9)).

The differences of other treatments

Table 1 demonstrates the differences in other treatments
between the two groups. There were no significant differ-
ences in corticosteroids, antiviral agents or antibiotics.

Adverse events

During the 7-day infusion period, serum creatinine was
64.20(46.58-85.45] on day 1 and 57.50[39.95-71] umol/L
on day 7 in HDIVC, versus 64.20[52.00 -81.70] on day
1 and 63.50[51.70—104.50] umol/L on day 7 in control
group. Similarly, there were no changes in total bilirubin
from day 1 to day 7 in HDIVC, while there was a slight
increase from day 1 to day 7 in placebo. No other study-
related adverse events were found, and no patients hadn’t
finished the study due to SAEs.

Discussion

This pilot trial shows that the addition of high-dose (24 g
per day for 7 days) intravenous vitamin C to the stand-
ard-of-care treatment for severe COVID-19 did not affect
ventilation-free days, but may provide a potential signal
of benefit in oxygenation and IL-6. To our understanding,
it was the first trial on a high dose of vitamin C infusion
in patients with severe COVID-19.

Other previous studies suggested a protective role of
vitamin C infusion in acute lung injury (ALI) and ARDS
[21]. Moreover, the latest meta-analysis from eight vita-
min C trials of a total of 685 patients indicated that
vitamin C shortened the duration of mechanical ventila-
tion in critically ill patients [27]. SARS-CoV-2 primarily
affects the lung and causes pneumonia. Respiratory fail-
ure from ARDS is the leading cause of mortality from
COVID-19 [32]. Similar to sepsis-induced ALI/ARDS,
the rapid increase in cytokines in COVID-19 causes
neutrophil sequestration in the lung, which damages the
alveolar capillaries [9, 10]. In sepsis modeling of mice,
parenterally infused VC demonstrated a protective effect
on the lung [33, 34]. The potential mechanisms included
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Fig. 3 The 28-day mortality from randomization (day 1) to day 28. a Kaplan-Meier analysis was used to estimate the 28-day mortality, and survival
curves were compared with the Wilcoxon test (P=0.27) among patients with COVID-19. Cox regression was used for multiple comparisons
(P=0.31,HR, 0.50 [95% Cl 0.2 to 1.8]). b Kaplan—Meier analysis was used to estimate the 28-day mortality and survival curves were compared with
the Wilcoxon test (P=0.06) among severe COVID-19 patients (baseline SOFA score > 3). Cox regression was used as multiple comparisons (P=0.07,
HR, 0.32 [95% CI 0.10-1.06]). HDIVC high-dose intravenous vitamin C, COVID-19 coronavirus disease 2019, SOFA Sequential Organ Failure Assessment

limiting cytokine surges, improving alveolar fluid clear-
ance, preventing vascular injury, restoring endothelial
and alveolar epithelial integrity, and augmenting lung
barrier cell function. In our study, the primary endpoint,
mechanic ventilation-free days, was not demonstrated
statistical significance due to the limited sample size, and
late initiating HDIVC. However, the P/F increased, which
was likely the result of pulmonary ventilation function
improvement, based on the above mechanisms.

Previous clinical trials showed that HDIVC may reduce
the extent of multiple organ failure and may improve
the short-term outcomes of sepsis [19, 21], even though
results in sepsis have been quite variable (ref Austral-
ian study/VICTAS just presented at ESICM). Addition-
ally, plasma ascorbic acid levels were inversely correlated
with the incidence of multiple organ failure and the risk
of mortality [35]. We suspected that patients with worse
organ dysfunction may have a more severe vitamin C
deficiency, while high-dose intravenous VC effectively
improved the deficiency and subsequently improved
organ function [16]. Thus, the benefit was more signifi-
cant in more severe COVID-19 patients with a higher
baseline SOFA score in our study.

In this study, we chose 24 g of vitamin C infusion for
7 days. The main reason was based on two aspects: the
efficacy and safety. The metabolism of vitamin C (VC) in
the blood is very fast, only large dose and long course of

VC supplement can maintain an adequate concentration
in blood. In a previous study [19], 50 or 200 mg/kg/day
(equivalent to 12 g/day) in 4 days VC treatment showed a
signal of benefit in sepsis or ARDS patients. Similar daily
doses were used in the Fowler paper (JAMA), which was
associated with an improved outcome Thus, we tried to
improve the efficacy by increasing the dosage and course
in this trial. Actually, the 24 g dose is far less than the
conventional IVC dose for cancer patients. In addition,
high-dose VC has been clinically used for several decades
and a recent NIH expert panel document states clearly
that this regimen (1.5 g/kg body weight) is safe and with-
out major adverse events (https://www.cancer.gov/about
-cancer/treatment/cam/hp/vitamin-c-pdq).  Therefore,
we believe that this 24 g/day for 7 days is safe and more
effective.

In addition, high levels of IL-6 were observed in
patients with COVID-19 and might serve as a predic-
tive biomarker for disease severity [5, 36, 37]. Mecha-
nistically, IL-6 acts as a critical cytokine in the systemic
inflammatory response [38], leading to a myriad of bio-
logical effects that contribute to pulmonary infiltration
and organ damage [39, 40]. In a recent trial, tocilizumab
[41], a recombinant humanized anti-human IL-6 recep-
tor antibody, improved clinical symptoms by attenu-
ating inflammation in COVID-19. The findings of the
decline in IL-6 in our cohort were consistent with basic
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/\7 was calculated by the difference between the value from Day 1 to Day 7. HDIVC high-dose intravenous vitamin C, SOFA Sequential Organ
Failure Assessment, P/F PaO,/FiO,COVID-19 coronavirus disease 2019

the number of qualifying COVID-19 patients decreased
with the control of the epidemic so that we had to stop

research showing that vitamin C inhibited the produc-
tion and release of proinflammatory cytokines from

human monocytes (IL-1, IL-2, IL-6, and TNF-a) [42].
Previous animal studies on SARS-CoV also demonstrated
that inhibiting NF-«B, together with reduced IL-6 levels,
could increase the survival rate in infected animals [37].
This study has several limitations. First, the study was
started in the second half of the outbreak in China, and

our trial before reaching the predefined sample size.
Secondly, the initiation of vitamin C occurred more
than 10 days after the first symptom, which may affect
the efficacy of HDIVC. However, SARS-CoV-2 infec-
tion was characterized by mild symptoms initially, fol-
lowed one week later by a rapid deterioration leading to
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Table 3 Laboratory findings in a trial of HDIVC in patients with COVID-19
Variable Day Vitamin C (n=27) Placebo (n=29) Difference, coefficient (95% Cl) PValue
Leukocyte count, 10° 1 95+50 116+72 —20(=54to-1.5) 0.26
3 8.6[5.7-11.5] 84[7.1-12.2] —04(—35t027) 0.67
7 102+6.7 96+54 06(—30t04.1) 0.74
Neutrophil count, 10° 1 82148 102+£7.1 —20(=53t014) 0.24
3 6.2[4.5-10.5] 7.115.7-9.9] —0.5(—35t025) 0.50
7 81+65 82+55 —0.1(—3.61t034) 0.95
Neutrophil ratio, % 1 835496 858499 —23(—7.7t0-3.1) 0.39
3 85.7[77.1-91.4] 83.3[75.5-91.8] 4.0(—6.3t0 14.4) 0.70
7 7854158 817115 —32(—11.2t0428) 042
IL-6 1 22.6[8.9-85.5] 54.7[12.3-145.5] -6.2(-129.7t0 117.3) 0.61
3 113.1[21.8-288.7] 37.2[5.6-85.3] 92.4(— 25.1t0 210.0) 0.07
7 19.4[10.6-29.2] 158.0[15.3-259.6] — 165.8(— 301.7 to — 29.8) 0.04
Lymphocyte count, 10° 1 0.6[0.4-1.0] 0.5[0.4-1.0] 0.1(— 0.2t0 0.4) 0.49
3 0.6[0.3-1.0] 0.71[0.5-1.1] —26(—86t034) 0.50
7 0.8[0.4-1.1] 0.7[0.4-1.0] 1.1(= 0810 3.0) 0.25
Lymphocyte ratio, % 1 97+70 81+73 1.6(— 231t05.6) 0.41
3 10.14£9.2 87+£49 14(—27t05.4) 0.88
7 13.1£113 6.8[5.1-13.4] 33(—211t0838) 0.23
PCT, ng/mL 1 0.2[0.1-0.6] 0.2[0.1-0.5] —9.9(—29.3t094) 0.80
3 04[0.1-3.2] 0.3[0.1-1.1] —66(—205t07.3) 0.84
7 0.3[0.1-14.8] 0.2[0.1-0.7] 13.3(— 179t044.5) 0.18
CRP, mg/L 1 39.9[3.9-86.9] 56.8[40.2-100.2] — 23.2(—69.51t023.1) 0.19
3 43.5[34-65.7] 66.3[29.8-107.4] — 4.8(— 68.1t0585) 0.28
7 29.5[11.0-110.9] 30.2[2.3-131.7] —12.6(— 75.3,50.1) 0.68
Total bilirubin, umol/L 1 8.6(6.8-15.6] 10.8[7.4-18.3] —15(—73t044) 0.28
3 84[6.7-16.1] 14.9[9.9-25.5] —9.7(= 18310 — 0.6) 0.03
7 8.3[6.5-16.2] 15.3[9.0-27.7] —42(—159t07.5) 0.1
Creatinine, umol/L 1 64.2[46.9-85.5] 64.2[52.0-81.7] 26.4(— 50910 103.7) 0.57
3 60.3[37.7-80.4] 70.35[49.80-100.9] 2.5(=399to — 449 0.15
7 57.5[40.0-7] 63.50[51.7-104.5] — 124(—4561020.7) 0.13
BUN, mmol/L 1 7.11[4.48-11.10] 6.50[4.9-9.9] 9.3(— 88t0274) 0.84
3 76+£50 8.6[5.1-11.4] —21(-52to0 — 1.0 (AN
7 85+57 7.8[5.1-10.5] —07(—41t027) 048
PT,s 1 13.3[12.4-14.6] 12.9[12.5-13.8] —06(—24t01.2) 097
3 139+32 13.3[12.7-15.1] —029(—20to14) 033
7 13.0+26 13.1[12.4-14.6] —03(=17to1.1) 0.08

Data were expressed as mean =+ standard deviation, as median [interquartile range]. Odds ratio with 95% Cl were calculated by binary logistic regression for the rest. P

values were calculated by logistic regression

SD standard deviation, /QR interquartile range, HR hazard ratio, OR odds ratio, C/ confidence interval, HDIVC high-dose intravenous vitamin C, COVID-19 coronavirus
disease 2019, SD standard deviation; QR interquartile range, PCT procalcitonin, CRP C-reactive protein, BUN blood urea nitrogen, PT prothrombin time, IL-6

interleukin-6

hospitalization, and ARDS always occurred at the day
8 after the first symptom [4]. As in other randomized
trial, administration of vitamin C was initiated shortly
after the onset of ARDS [21], which started a couple of
days earlier than our trial. Third, the absence of data on
the monitoring of serum ascorbic acid concentration
and assessment of viral load made it unclear whether

vitamin C has direct antiviral activity against SARS-
CoV-2. Fourth, we did not measure the anti-oxidative
variables due to the complexity of the blood sample
treatment, which was also an important feature for
vitamin C. Finally, the imbalance in the patient gender
distribution between the groups at baseline may have
slightly influenced the outcomes.
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Conclusion

In summary, this pilot trial showed that HDIVC did
not improve the primary endpoint, IMVFD28, but
demonstrated a potential signal of benefit for criti-
cally ill COVID-19, with an improvement in P/F ratio.
Nevertheless, further large-scale RCTs are still needed
to confirm our understanding of the effect of HDIVC
therapy in critically ill patients with COVID-19.

Acknowledgements

Zhang, Xiang, and Peng had full access to all of the data in the study and
take responsibility for the integrity of the data and the accuracy of the data
analysis. Zhang, Rao and Li contributed equally and share first authorship.
Xiang and Peng are the co-corresponding authors. This work was funded by
the Science and Technology Department of Hubei Province (2020FCA024,
2020FCA020), and the Fundamental Research Funds for the Central Universi-
ties (2042020kfxg18, 2042020kfxg13).

Authors’ contributions

Concept and design: JZ, XR, YL. Acquisition, analysis, or interpretation of data:
JZ, XR, YL, HX, GG, GL, ZM. Drafting of the manuscript: JZ, XR, YL, DB, ZP. Critical
revision of the manuscript for important intellectual content: JZ, XR, YL, DB, ZP.
Statistical analysis: JZ, YZ, FL. Obtained funding: HX, ZP. Administrative, techni-
cal, or material support: HX, XR, ZP. Supervision: HX, DB, ZP. All authors read
and approved the final manuscript.

Funding

This work was funded by the Science and Technology Department of Hubei
Province (2020FCA024, 2020FCA020), and the Special Project for Significant
New Drug Research and Development in the Major National Science and
Technology Projects of China (20202X09201007).

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study is a multicenter, randomized trial, which was approved by the
ethic committee of Zhongnan Hospital of Wuhan University (#2020001). It
was registered on the website of ClinicalTrials.gov (ID: NCT04264533) before
patient recruitment. Informed consents were obtained from the patients or
family members.

Competing interests
The authors declare no competing interests.

Author details

! Dept. of Critical Care Medicine, Zhongnan Hospital of Wuhan University,
Wuhan 430071, Hubei, China. 2 Anti-Aging Medical Center, Taihe Hospital,
Huibei University of Medicine, Shiyan 442000, Hubei, China. 3 Department

of Pulmonary and Critical Care Medicine, Taihe Hospital, Huibei University

of Medicine, Shiyan 442000, Hubei, China. 4 Department of Infectious Diseases,
Taihe Hospital, Huibei University of Medicine, Shiyan 442000, Hubei, China.

5 Department of Intensive Care, CHIREC Hospitals, Université Libre de Bruxelles,
Brussels, Belgium. ¢ Clinical Research Center of Hubei Critical Care Medicine,
Wuhan 430071, Hubei, China.

Received: 14 October 2020 Accepted: 18 December 2020
Published online: 09 January 2021

References

1. Tian S,HuW, Niu L, Liu H, Xu H, Xiao SY. Pulmonary pathology of early-
phase 2019 novel coronavirus (COVID-19) pneumonia in two patients
with lung cancer. J Thorac Oncol. 2020;15(5):700-4.

20.

AR

22.

Page 11 of 12

Munster VJ, Koopmans M, van Doremalen N, van Riel D, de Wit E. A
novel coronavirus emerging in china - key questions for impact assess-
ment. N Engl J Med. 2020;382(8):692-4.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, et al. Clinical characteristics of coronavirus disease 2019 in China. N
EnglJ Med. 2020;382(18):1708-20.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z,
Xiong Y et al: Clinical Characteristics of 138 Hospitalized Patients With
2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA
2020.

Zhou F,YuT, Du R, Fan G, LiuY, Liu Z, Xiang J, Wang Y, Song B, Gu X,

et al. Clinical course and risk factors for mortality of adult inpatients

with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet.
2020;395(10229):1054-62.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, Barnaby DP, Becker LB, Chelico JD, Cohen SL et al: Presenting Charac-
teristics, Comorbidities, and Outcomes Among 5700 Patients Hospital-
ized With COVID-19 in the New York City Area. JAMA 2020.

Braciale TJ, Sun J, Kim TS. Regulating the adaptive immune response to
respiratory virus infection. Nat Rev Immunol. 2012;12(4):295-305.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, Wang T, Zhang X, Chen H,
Yu H, et al. Clinical and immunological features of severe and moderate
coronavirus disease 2019. J Clin Investig. 2020;130(5):2620-9.

Xu Z,ShiL,Wang, Zhang J,Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L,
et al. Pathological findings of COVID-19 associated with acute respiratory
distress syndrome. Lancet Respir Med. 2020;8(4):420-2.

. QinC, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, Xie C, Ma K, Shang K, Wang

W et al: Dysregulation of immune response in patients with COVID-19 in
Wuhan, China. Clin Infect Dis 2020.

. Peiris JS, Chu CM, Cheng VC, Chan KS, Hung IF, Poon LL, Law KI, Tang BS,

Hon TY, Chan CS, et al. Clinical progression and viral load in a community
outbreak of coronavirus-associated SARS pneumonia: a prospective
study. Lancet. 2003;361(9371):1767-72.

. Carr AC, Shaw GM, Fowler AA, Natarajan R. Ascorbate-dependent vaso-

pressor synthesis: a rationale for vitamin C administration in severe sepsis
and septic shock? Crit Care. 2015;19:418.

. Koekkoek WA, van Zanten AR. Antioxidant vitamins and trace elements in

critical illness. Nutr Clin Pract. 2016;31(4):457-74.

. Nieman DC, Peters EM, Henson DA, Nevines El, Thompson MM. Influence

of vitamin C supplementation on cytokine changes following an ultra-
marathon. J Interferon Cytokine Res. 2000;20(11):1029-35.

. Vassilakopoulos T, Karatza MH, Katsaounou P, Kollintza A, Zakynthinos

S, Roussos C: Antioxidants attenuate the plasma cytokine response to
exercise in humans. J Appl Physiol (1985) 2003, 94(3):1025-1032.

. Carr AC, Rosengrave PC, Bayer S, Chambers S, Mehrtens J, Shaw GM.

Hypovitaminosis C and vitamin C deficiency in critically ill patients
despite recommended enteral and parenteral intakes. Crit Care.
2017;21(1):300.

. Padayatty SJ, Sun H, Wang Y, Riordan HD, Hewitt SM, Katz A, Wesley RA,

Levine M. Vitamin C pharmacokinetics: implications for oral and intrave-
nous use. Ann Intern Med. 2004;140(7):533-7.

. Chiscano-Camon L, Ruiz-Rodriguez JC, Ruiz-Sanmartin A, Roca O, Ferrer R.

Vitamin C levels in patients with SARS-CoV-2-associated acute respiratory
distress syndrome. Crit Care. 2020;24(1):522.

. Fowler AA, Syed AA, Knowlson S, Sculthorpe R, Farthing D, DeWilde C,

Farthing CA, Larus TL, Martin E, Brophy DF, et al. Phase | safety trial of
intravenous ascorbic acid in patients with severe sepsis. J Transl Med.
2014;12:32.

Fujii T, Luethi N, Young PJ, Frei DR, Eastwood GM, French CJ, Deane AM,
Shehabi Y, Hajjar LA, Oliveira G et al: Effect of Vitamin C, Hydrocorti-
sone, and Thiamine vs Hydrocortisone Alone on Time Alive and Free of
Vasopressor Support Among Patients With Septic Shock: The VITAMINS
Randomized Clinical Trial. JAMA 2020.

Fowler AA, Truwit JD, Hite RD, Morris PE, DeWilde C, Priday A, Fisher B,
Thacker LR, Natarajan R, Brophy DF, 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;322(13):1261-70.

Fowler lii AA, Kim C, Lepler L, Malhotra R, Debesa O, Natarajan R, Fisher
BJ, Syed A, DeWilde C, Priday A, et al. Intravenous vitamin C as adjunctive



Zhang et al. Ann. Intensive Care

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33

(2021)11:5

therapy for enterovirus/rhinovirus induced acute respiratory distress
syndrome. World J Crit Care Med. 2017;6(1):85-90.

Hu X, Yuan L, Wang H, Li C, Cai J, Hu Y, Ma C. Efficacy and safety of
vitamin C for atrial fibrillation after cardiac surgery: A meta-analysis

with trial sequential analysis of randomized controlled trials. Int J Surg.
2017,37:58-64.

Tanaka H, Matsuda T, Miyagantani Y, Yukioka T, Matsuda H, Shimazaki

S. Reduction of resuscitation fluid volumes in severely burned patients
using ascorbic acid administration: a randomized, prospective study. Arch
Surg. 2000;135(3):326-31.

Li J. Evidence is stronger than you think: a meta-analysis of vitamin C use
in patients with sepsis. Crit Care. 2018;22(1):258.

XuY, Zheng X, Liang B, Gao J, Gu Z. Vitamins for prevention of contrast-
induced acute kidney injury: a systematic review and trial sequential
analysis. Am J Cardiovasc Drugs. 2018;18(5):373-86.

Hemila H, Chalker E. Vitamin C may reduce the duration of mechanical
ventilation in critically ill patients: a meta-regression analysis. J Intensive
Care. 2020;8:15.

Hemila H, Chalker E: Vitamin C Can Shorten the Length of Stay in the ICU:
A Meta-Analysis. Nutrients 2019, 11(4).

Madhusudana SN, Shamsundar R, Seetharaman S. In vitro inactivation of
the rabies virus by ascorbic acid. Int J Infect Dis. 2004;8(1):21-5.

JinYH, Cai L, Cheng ZS, Cheng H, Deng T, Fan YP, Fang C, Huang D,
Huang LQ, Huang Q, et al. A rapid advice guideline for the diagnosis and
treatment of 2019 novel coronavirus (2019-nCoV) infected pneumonia
(standard version). Mil Med Res. 2020;7(1):4.

Khoshnam-Rad N, Khalili H. Safety of vitamin C in sepsis: a neglected
topic. Curr Opin Crit Care. 2019;25(4):329-33.

Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortal-

ity due to COVID-19 based on an analysis of data of 150 patients from
Wuhan. China Intensive Care Med. 2020;46(5):846-8.

Fisher BJ, Kraskauskas D, Martin EJ, Farkas D, Wegelin JA, Brophy D, Ward
KR, Voelkel NF, Fowler AA 3rd, Natarajan R. Mechanisms of attenuation
of abdominal sepsis induced acute lung injury by ascorbic acid. Am J
Physiol Lung Cell Mol Physiol. 2012;303(1):L20-32.

34.

35.

37.

38.

39.

40.

41.

42.

Page 12 of 12

Fisher BJ, Seropian IM, Kraskauskas D, Thakkar JN, Voelkel NF, Fowler AA
3rd, Natarajan R. Ascorbic acid attenuates lipopolysaccharide-induced
acute lung injury. Crit Care Med. 2011;39(6):1454-60.

De Grooth HMS-dM, A.M.; Oudermans-van Straaten, H.M. : Early plasma
vitamin C concentration, organ dysfunction and ICU mortality. Intensive
Care Med 2014:40, S199.

Chen X, Zhao B, QuY, ChenYY, Xiong J, Feng Y, Men D, Huang Q, Liu Y, Yang
B et al: Detectable serum SARS-CoV-2 viral load (RNAaemia) is closely
correlated with drastically elevated interleukin 6 (IL-6) level in critically ill
COVID-19 patients. Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America 2020.

Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortal-
ity due to COVID-19 based on an analysis of data of 150 patients from
Wuhan China. Intensive Care Med. 2020;46(5):846-8.

Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use interleukin-6 (IL-6)
blockade for coronavirus disease (COVID-19)-induced cytokine release
syndrome (CRS). J Autoimmun. 2020;111:102452.

Tanaka T, Narazaki M, Kishimoto T. Immunotherapeutic implications of
IL-6 blockade for cytokine storm. Immunotherapy. 2016;8(8):959-70.
Pathan N, Hemingway CA, Alizadeh AA, Stephens AC, Boldrick JC, Oragui
EE, McCabe C, Welch SB, Whitney A, O'Gara P, et al. Role of interleukin

6 in myocardial dysfunction of meningococcal septic shock. Lancet.
2004;363(9404):203-9.

Xu X, Han M, Li T, Sun W, Wang D, Fu B, Zhou Y, Zheng X, Yang Y, Li X et al:
Effective treatment of severe COVID-19 patients with tocilizumab. Proc
Natl Acad Sci U S A 2020.

Hartel C, Strunk T, Bucsky P, Schultz C. Effects of vitamin C on intracyto-
plasmic cytokine production in human whole blood monocytes and
lymphocytes. Cytokine. 2004;27(4-5):101-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Pilot trial of high-dose vitamin C in critically ill COVID-19 patients
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Patient enrollment
	Randomization, allocation and blinding
	Study interventions
	General treatments and standard procedure of ventilation supports
	Risks and adverse events

	Data collection and management
	Statistical analysis
	Results
	Baseline characteristics of the patients
	Primary outcome
	Secondary outcomes
	The differences of other treatments
	Adverse events

	Discussion
	Conclusion
	Acknowledgements
	References




