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A B S T R A C T

Objective: High-dose intravenous vitamin C (HIVC) is a major concern when treating patients with coronavi-

rus disease 2019 (COVID-19). The aim of this study was to assess the clinical efficacy of HIVC on hyperinflam-

mation in patients with severe COVID-19.

Methods: This retrospective cohort study included hospitalized patients with severe COVID-19, a subset of

whom was treated with HIVC. The medical records were screened for demographic data, laboratory findings,

and medications, as well as initial and repeated values of multiple inflammatory markers for analysis.

Results: A high percentage of patients presented with hyperinflammation based on inflammatory marker lev-

els above the upper limit of normal (high-sensitivity C-reactive protein, 80.1%; interleukin-6, 91.5%; and

tumor necrosis factor-a, 67.4%). Eighty-five (36%) patients received HIVC therapy. After treatment with

HIVC, the levels of inflammatory markers displayed a significant decrease compared with those of patients

without HIVC. Furthermore, the percentages of reduction in inflammatory marker levels were higher in

patients receiving HIVC compared with those in patients treated without HIVC. Stepwise multiple linear

regression analysis revealed that HIVC was independently associated with percentages of reduction in levels

of inflammatory markers.

Conclusions: HIVC has the potential benefit of attenuating hyperinflammation by reducing inflammatory

marker levels in patients with severe COVID-19.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

Patients who have severe coronavirus disease 2019 (COVID-19)

with hyperinflammation often progress to acute respiratory failure

and multiorgan dysfunction [1]. However, to our knowledge, no

optimal strategy is currently available to work well against hyper-

inflammation caused by severe acute respiratory syndrome coro-

navirus-2 (SARS-CoV-2), and symptomatic supportive care is the

mainstay of treatment [2]. Therefore, there is an urgent need for an

effective pharmaceutical approach to the grim situation.

High-dose intravenous vitamin C (HIVC) is a major concern

when treating patients with COVID-19 due to its powerful biologi-

cal properties. Considerable debate arises regarding the clinical

efficacy of HIVC therapy in patients with COVID-19. Some clinical

evidence indicates that HIVC infusion is a promising adjuvant ther-

apeutic target for the epidemic [3]. However, there are cases in

which HIVC showed no beneficial effect in treating sepsis, similar

to SARS-CoV-2 infection [4]. Thus, the therapeutic efficacy of HIVC

is worth investigation. The present study detailed an analysis of

the clinical data to assess the effect of short-term IV infusion of

high-dose vitamin C on multiple inflammatory markers in patients

with severe COVID-19.

Methods

Patients

In this cohort study, we retrospectively reviewed patients admitted to Tongji

Hospital of Huazhong University of Science and Technology in Wuhan, China,

between February 1 and March 10, 2020. All inpatients were tested positive for

SARS-CoV-2 viral RNA by use of real-time reverse-transcriptase polymerase chain

reaction on throat swab specimens [5]. Severe illness was diagnosed if any of the

following conditions was met:

� Respiratory distress with respiratory rate >30 times/min;
� Oxygen saturation �93% while breathing ambient air;
� Arterial blood oxygen partial pressure/fraction of inspired oxygen �300mmHg.

The exclusion criteria included hospital length of stay (LOS) of <21 d, incom-

plete medical records, and pregnancy.
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This study was approved by the Research Ethics Committee of Tongji Hospital

of Huazhong University of Science and Technology and written informed consent

was waived duo to the high volume of admissions during the pandemic.

Data extraction

The demographics, laboratory findings, and medication data were extracted

from the electronic medical records. Additionally, we screened availability of ini-

tial and repeated values of multiple inflammatory markers including high-sensi-

tivity C-reactive protein (hs-CRP), interleukin (IL)-6, and tumor necrosis factor

(TNF)-a at baseline and during hospitalization.

Inflammatory biomarker measurements were completed in the clinical labora-

tory in Tongji Hospital. Blood samples were processed according to hospital’s stan-

dard procedures. Levels of hs-CRP were determined by immunoturbidimetry

method according to the manufacturer’s instructions. Levels of IL-6 and TNF-a
were detected using chemiluminescence immunoassay performed on a fully auto-

mated analyzer (Cobas e602, Roche, Germany).

Treatment protocol of HIVC

According to the Fifth Revised Trial Version of the Novel Coronavirus Pneumo-

nia Diagnosis and Treatment Guidance published by the National Health Commis-

sion of China [6], all patients received symptomatic supportive care at the

appropriate situation by the medical group in Tongji Hospital on admission. In

addition to receiving symptomatic supportive care, a subset of patients with con-

sent were also administered HIVC within 24 h of admission. The HIVC protocol

was administered as described elsewhere [4]. Briefly, high-dose vitamin C was

intravenously administered under 6-d course in excess dosage of 100 mg/kg of

body weight vitamin C diluted in 50 mL of saline solution to infuse within 30 min

every 6 h on day 1 plus 100 mg/kg of body weight vitamin C diluted in 50 mL of

saline solution to infuse within 30 min every 12 h for the next 5 d.

Statistical analysis

The sample size was calculated according to hs-CRP from the study regarding

the effect of HIVC on hs-CRP in COVID-19 patients [7]. We used a non-inferiority

test for the sample size calculation based on the following parameters: a = 0.025

(two-sided), power: 1-b = 0.8, a withdrawal rate of 10% in each group, 2:1 ratio of

the control group to the intervention group. The resulting total sample size was

fixed at 135, with 90 patients in the control group and 45 patients in the interven-

tion group. Continuous variables were presented as the median with interquartile

range (25th and 75th percentiles) and categorical variables as numbers with per-

centages. Normality of the data was tested using the Shapiro�Wilk test. The differ-

ences for clinical characteristics were compared between the two groups using

two-sample independent group t test for continuous variables, and x2 test or Fish-

er’s exact test for categorical variables where appropriate. Because the values of

inflammatory markers levels and the percentages of reduction in levels of hs-CRP,

IL-6, and TNF-a, were not normally distributed, between-group differences were

compared using Mann�Whitney U test. Multiple linear regression analysis with a

stepwise variable selection was used to evaluate the relationship between medica-

tions including HIVC therapy and percentages of reduction in levels of each inflam-

matory marker after treatment. The formula for calculating the percentage of

reduction was as follows: Percentage of reduction = (Levels of inflammatory-

markers at baseline - Levels of inflammatorymarkers after treatment) / (Levels of

inflammatorymarkers at baseline) £ 100%.

Two-tailed P < 0.05 was considered statistically significant. All analysis was

performed using SPSS version 12 (SPSS, Inc., Chicago, IL, USA). Figures were drawn

using GraphPad Prism version 6 (GraphPad Software, La Jolla, CA, USA).

Results

Clinical characteristics

The database contained information on 236 inpatients. The

patients’ clinical characteristics under analysis are listed in Table 1.

To assess the balance between patients treated with and without

HIVC, comparisons of the parameters of clinical characteristics

were undertaken. No statistically significant difference was

detected.

Hyperinflammatory state

We identified hyperinflammation with an increase of multiple

inflammatory markers levels [8]. As shown in Figure 1A, most of

patients were in a hyperinflammatory state with inflammatory

markers levels above upper limit of normal (hs-CRP >10 mg/L, IL-6

>7 pg/mL, and TNF-a >8.1 pg/mL) at baseline. Overall, hs-CRP was

substantially elevated in patients with 27.9 mg/L in conjunction

with IL-2 27.8 pg/mL and TNF-a 9.6 pg/mL at baseline. The percen-

tages of patients with elevated concentrations of hs-CRP, IL-6, and

TNF-a above upper limit of normal were 80.1%, 91.5%, and 67.4%,

respectively (Fig. 1B).

Changes in inflammatory markers

Eighty-five (36%) patients received HIVC therapy. Changes in

levels of inflammatory markers from baseline to 21 d during hospi-

talization are shown in Figure 2. No significant differences were

observed in the levels of inflammatory markers at baseline

between patients with and without HIVC administration (hs-CRP,

P = 0.341; IL-6, P = 0.791; TNF-a, P = 0.937). However, the concen-

trations of inflammatory markers displayed a significant decrease

after treatment with HIVC related to those among patients without

HIVC infusion (hs-CRP, P = 0.019; IL-6, P = 0.044; TNF-a, P = 0.038).

If only those patients with concentrations of inflammatory markers

at baseline and 21 d during hospitalization below upper limit of

normal were excluded, most patients with or without HIVC ther-

apy experienced reduction in inflammatory marker levels. Further-

more, the percentages of reduction in inflammatory markers levels

Table 1

Clinical characteristics of patients

Characteristics No HIVC

(n = 151)

HIVC

(n = 85)

P-value

Demographic characteristics

Age, y 66 (57�73) 68 (60�76) 0.115

Men, n (%) 73 (48.3) 33 (38.8) 0.158

Current smoker, n (%) 29 (19.2) 16 (18.8) 0.943

Heart rate, beats per min 88 (78�100) 89 (80�108) 0.274

Systolic blood pressure, mm

Hg

134 (121�146) 138 (121�150) 0.518

Diastolic blood pressure,

mm Hg

78 (72�87) 78 (75�87) 0.491

Hypertension, n (%) 26 (17.2) 11 (12.9) 0.386

Coronary heart disease, n (%) 18 (11.9) 10 (11.8) 0.972

Diabetes, n (%) 25 (16.6) 13 (15.3) 0.800

Laboratory findings on

admission

Leukocyte counts,

cells £ 109/L

6.74 (5.04�10.39) 9.14 (5.49�11.43) 0.304

Erythrocyte counts,

cells £ 1012/L

3.94 (3.53�4.46) 3.90 (3.49�4.38) 0.399

Platelet counts, cells £ 109/L 208 (147�258) 209 (148�252) 0.767

Alanine aminotransferase,

U/L

23 (16�38) 31 (17�42) 0.930

Aspartate aminotransferase,

U/L

33 (22�45) 36 (25�51) 0.297

Urea nitrogen, mmol/L 6.1 (4�8.4) 7.5 (5.4�9) 0.139

Serum creatinine, mmol/L 73 (56�93) 85 (64�106) 0.106

Medications

Antiviral, n (%) 98 (64.9) 45 (52.9) 0.071

Antibiotics, n (%) 54 (35.8) 20 (23.5) 0.052

Glucocorticoid, n (%) 59 (39.1) 23 (27.1) 0.063

Immunoglobin, n (%) 28 (18.5) 12 (14.1) 0.384

Biologics, n (%) 8 (5.3) 4 (4.7) 0.554

Noninvasive ventilation,

n (%)

15 (9.9) 11 (12.9) 0.479

Renal replacement therapy,

n (%)

6 (4) 3 (3.5) 0.584

Antihypertensives, n (%) 13 (8.6) 6 (7.1) 0.674

Antidiabetics, n (%) 21 (13.9) 7 (8.2) 0.196

HIVC, high-dose intravenous vitamin C; IQR, interquartile range

Continuous data were expressed as median (IQR), and categorical data were pre-

sented as number (%), respectively
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were higher in patients receiving HIVC therapy than those in those

not receiving HIVC infusion (hs-CRP, P = 0.005, n = 195; IL-6,

P = 0.003, n = 222; TNF-a, P = 0.028, n = 171; Fig. 3). Correspond-

ingly, the negative values reflected inflammation progression, and

the positive values implied alleviation of inflammation.

Additionally, we performed stepwise multiple linear regression

analysis to evaluate the association between whether to treat with

HIVC and percentages of reduction in levels of each inflammatory

marker after treatment. As shown in Table 2, HIVC therapy was

independently associated with percentages of reduction in levels

of inflammatory markers (hs-CRP, P = 0.032; IL-6, P = 0.005; TNF-a,
P = 0.015).

Discussion

COVID-19 epidemic is a rapidly developing medical disorder

with high fatality rate [1]. Clinical investigations in hospitalized

patients have shown an overwhelming increase of numerous

inflammatory mediators induced by SARS-CoV-2 infection, which

results in violent systemic hyperinflammatory response [9,10].

Accumulating evidence shows that hyperinflammation is a rela-

tively common issue in some viral diseases such as SARS and Mid-

dle East respiratory syndrome (MERS), and contributes to acute

respiratory failure and multiorgan dysfunction [9]. It is partially

responsible for high mortality rates [11,12]. Hyperinflammation

can facilitate disease development and is believed to be the main

mechanism in the deterioration of SARS-CoV-2 action on humans

[11]. Several studies indicate that full-blown inflammation is prob-

ably linked to the severity of the disease and affects clinical out-

comes [1,13,14]. Herein, severe COVID-19 may be regarded as a

SARS-CoV-2�induced hyperinflammatory condition with multior-

gan involvement [14]. We identified multiple inflammatory agents

including hs-CRP, IL-6, and TNF-a as the variables reflecting hyper-

inflammation. Amazingly, we found that hyperinflammatory status

appeared in severely ill patients due to levels of hs-CRP, IL-6, and

TNF-a that were markedly above the upper limit of normal. In the

same context, consistent results demonstrated that high blood lev-

els of several inflammatory parameters have been detected in

some conditions such as sepsis [9]. These proinflammatory media-

tors trigger hyperinflammatory response in severe cases of COVID-

19, similar to SARS-CoV and MERS-CoV infections [9]. Moreover,

elevated levels of inflammatory markers identify patients at risk

for progression to refractory hypoxemia and death.

To our knowledge, there are no therapeutic options available

for SARS-CoV-2, and symptomatic supportive care is the most com-

mon treatment. Hyperinflammation may be a potential therapeutic

target for severe COVID-19 disease, and treatments of hyperin-

flammation usually focus on this environment: intensive care of

hemodynamic parameters and uphold of damaged organs. How-

ever, the results of the present study indicated that decreasing

highly elevated levels of inflammatory markers may be the optimal

strategy for treating patients with severe COVID-19. Additionally,

suppressing hyperinflammation directed to severe and critically ill

cases may prevent fatal deterioration. Therefore, the identification

of existing approved therapies with proven safety to treat hyperin-

flammation is worth investigation to improve severity and reduce

mortality.

Fig. 1. Hyperinflammation in patients with severe COVID-19. (A) Distribution of

inflammatory marker levels on admission in patients with or without HIVC. (B) Per-

centages of patients with elevated levels of inflammatory markers at baseline above

ULN. Dashed line represents the ULN. HIVC, high-dose intravenous vitamin C; hs-

CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF, tumor necrosis factor;

ULN, upper limit of normal.

Fig. 2. Changes in levels of inflammatory markers at baseline and after treatment (n = 236). HIVC, high-dose intravenous vitamin C; hs-CRP, high-sensitivity C-reactive pro-

tein; IL, interleukin; TNF, tumor necrosis factor.

Fig. 3. Percentages of reduction in inflammatory markers levels after treatment (hs-

CRP, n = 195; IL-6, n = 222; TNF-a, n = 171; respectively). Boxes represent the 25th

to 75th percentiles, and horizontal lines within the box represent median value.

Whiskers represent the minimum and maximum value, respectively. HIVC, high-

dose intravenous vitamin C; hs-CRP, high-sensitivity C-reactive protein; IL, interleu-

kin; TNF, tumor necrosis factor.
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Considerable debate arises concerning the possible clinical effi-

cacy of HIVC on COVID-19. A case report showed that use of HIVC

(200 mg/kg every 6 h) successfully treated a 20-y-old woman with

virus-induced acute respiratory distress syndrome (ARDS) and she

made a rapid recovery after receiving extracorporeal membrane

oxygen [15]. This was further strengthened by the fact that HIVC

has been used in the treatment of sepsis and has shown beneficial

efficacy in reduction of systemic inflammation by inhibiting the

cytokine surge [16,17]. However, another study reported no differ-

ence in the primary outcome of organ dysfunction scores and bio-

markers of inflammation and vascular injury in patients receiving

vitamin C (50 mg/kg every 6 h for 96 h) compared with placebo

[4]. We asked whether HIVC acts as an anti-inflammatory agent to

influence systematic inflammatory markers and prevent hyperin-

flammatory response. Vitamin C, ascorbic acid, is essential nutrient

for immune cells. In addition to its important role in protecting the

body against oxidative challenges, vitamin C has anti-inflamma-

tory properties against pathogens, particularly when it is adminis-

tered intravenously at high dose. First, vitamin C can inhibit the

activation of nuclear factor-kB, which is primary proinflammatory

transcription factor, and plays a pivotal role in hyperinflammatory

response [18]. Second, vitamin C can inhibit the production of IL-6

and TNF-a, and this effect appears to be dose-dependent [19].

Third, vitamin C can inhibit oxidative stress, which may play a role

in the pathogeny of COVID-19. It has been reported that vitamin C

can modulate reactive oxygen species generation and inflamma-

tory expression [20]. In this context, HIVC was recommended for

treatment of SARS-CoV-2 infection by the Chinese Center for Dis-

ease Control and Prevention and Chinese Nutrition Society [6].

HIVC has been proven to be safe and therapeutic in critical care

medicine, primarily as an adjunct to the treatment of sepsis and

multiple organ failure, where it has shown promise in shortening

the duration of mechanical ventilation and the intensive care unit

(ICU) LOS [16]. The findings are also confirmed in a randomized

clinical trial involving 167 patients with sepsis-related ARDS who

received administration of 15 g/d of HIVC for 4 d [4]. In the retro-

spective cohort study, the effect of HIVC on inflammatory markers

including hs-CRP, IL-6, and TNF-a was evaluated. In the patients

receiving HIVC in combination with other symptomatic supportive

care, the inflammatory marker concentrations appeared to be sub-

stantially reduced, while chronically decreased in patients with

symptomatic supportive care alone.

Several clinical trials have been announced to investigate the

therapeutic effect of HIVC on patients with COVID-19. How the

dose ranges were established in these different studies is not

always clear. The previous study reported that inflammatory bio-

markers levels decreased significantly in patients receiving HIVC

compared with those treated with low-dose vitamin C [21] .There-

fore, the therapeutic efficacy of HIVC was much better than that of

low-dose vitamin C in alleviating hyperinflammation.

Based on the above data, the present study provided evidence

that treatment with vitamin C at high doses for 6 d reduced multi-

ple inflammatory markers levels in patients with severe COVID-19.

We also found the benefit of decrease in inflammatory marker lev-

els among patients receiving symptomatic supportive care, which

indicated HIVC in combination with other available medicines was

potentially beneficial in alleviating hyperinflammation. Moreover,

stepwise multiple linear regression analysis demonstrated that

HIVC was independently related to percentages of reduction in lev-

els of inflammatory markers after treatment. Together with the

evidence from the study, we suggest that HIVC may be warranted

in suppression of hyperinflammation as an adjuvant therapy for

patients with severe COVID-19 lung disease.

Our results were not consistent with the findings from a pilot

trial, in which HIVC (12 g every 12 h for 7 d) ameliorated inflam-

mation by reducing IL-6 in ICU patients critically ill with COVID-19

[22]. However, CRP levels did not significantly change in the

patients receiving HIVC compared with the placebo group, as seen

in the present study [22]. The inconsistency between our study

and this trial was mainly due to the trial design, and the enrolled

patients. Importantly, the trial only collected blood samples at day

3 and day 7 during treatment, it was thus uncertain whether HIVC

may have a potential signal of benefit for CRP at day 21 during hos-

pitalization. The measurements of inflammatory markers at addi-

tional time points after treatment might produce different results.

Limitations

The number of patients, lack of a placebo control group, and the

retrospective nature of the study are obvious limitations. The meas-

urements of inflammatory markers were not very detailed during

hospitalization. Additionally, a relevant number of patients received

glucocorticoid therapy, a potential confounder affecting inflamma-

tory marker levels. The pathogenic mechanism of COVID-19 is not

yet clearly understood, and the study of specific protections against

SARS-CoV-2 of HIVC is very limited. Based on the findings from the

present analysis, we highlighted the fact that HIVC reduces multiple

inflammatory marker levels. The results may not comprehensively

illustrate how this benefit would help immune system defense from

infections, but it demonstrated the potential clinical efficacy of

HIVC. Furthermore, the dose and time of administration of HIVC

were not taken into consideration in the current work.

Conclusions

The strength of the present study lies in the promise of short-

term HIVC in reducing multiple inflammatory marker levels

including hs-CRP, IL-6, TNF-a, and thereby attenuating hyperin-

flammation. The results suggested that HIVC can be considered

potentially beneficial as an adjuvant therapy in the management of

hyperinflammation for patients with severe COVID-19. Meanwhile,

the present study showed the importance of further investigation

in the form of large-scale randomized clinical trials about the

application of HIVC targeting SARS-CoV-2 infection to accurately

assess its therapeutic efficacy in patients with severe COVID-19.
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