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A B S T R A C T   

Background: Coronavirus disease 2019 (COVID-19) is still a pandemic, with a high mortality rate in severe/critical 
cases. Therapies based on the Shenghuang Granule have proved helpful in viral infection and septic shock. 
Hypothesis/Purpose: The objective of the current study was to compare the efficacy and safety of the traditional 
Chinese medicine, Shenhuang Granule, with standard care in hospitalized patients with severe/critical COVID-19. 
Study Design and Methods: This was an open-label, multicenter, randomized, controlled clinical trial. At 4 medical 
centers, a total of 111 severe/critical patients were randomly assigned to receive Shenhuang Granule (SHG 
group) twice a day for 14 days, in addition to standard care, or to receive standard care alone (Control group). 
The maximal follow up time was 75 days. The clinical endpoint was clinical improvement and mortality. 
Results: 54 patients were assigned to the control group and 57 to the SHG group. The overall mortality was 75.9% 
(41/54) in the control group, and 38.6% (22/57) in the SHG group (p < 0.01 vs. control). The post hoc analysis 
showed that in the severe category, the mortality of the control group vs. the SHG group was 58.8% (10/17) vs. 
5.3% (1/19) (p < 0.01); while in the critical category, it was 83.8% (31/37) vs. 55.3% (21/38) (p < 0.05). In the 
severe category, the mortality of patients who eventually received an invasive ventilator in the control vs. the 
SHG group was 58.8% (10/17) vs. 0 (0/19) (p < 0.01). Administration of SHG was associated with increased 
lymphocytes and decreased adverse events. 
Conclusion: Shenhuang Granule is a promising integrative therapy for severe and critical COVID-19.  

Abbreviations: ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CK, 
creatine kinase; CK-MB, creatine kinase muscle-brain isoform; COVID-19, Coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; IL-6, interleukin- 
6; IQR, interquartile range; K, potassium; LDH, lactate dehydrogenase; Na, sodium; PCT, Procalcitonin; PT, prothrombin time; SHG, Shenhuang Granule; TNF-α, 
tumor necrosis factor-alpha; α-HBDH, α-hydroxybutyrate dehydrogenase. 
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Introduction 

Since the first case of coronavirus disease-2019 (COVID-19) was 
reported in December 2019 in Wuhan, China (Zhu et al., 2020), 
COVID-19 has become a pandemic (Engineering and University, 2020). 
Currently, the number of confirmed active cases is still continuously 
increasing globally (Engineering and University, 2020). Its mortality 
rate could reach as high as 16.4 per 100 confirmed cases in some 
countries (Engineering and University, 2020), and up to 78% in 
severe/critical cases (National and Centre, 2020; Zhou et al., 2020). So 
far, there is no specific therapy for COVID-19, and many hospitals have 
used off-label or compassionate-use therapies, such as lopina-
vir–ritonavir, chloroquine, convalescent plasma, and remdesivir (Hol-
shue et al., 2020). Remdesivir has been authorized for emergency use by 
the Food and Drug Administration (FDA) (Administration, 2020), but it 
has not been shown to improve mortality in severe COVID-19 patients 
(Beigel et al., 2020), and no published data support usage among criti-
cally ill cases. Dexamethasone has also been shown to beneficial in se-
vere COVID-19 (Horby et al., 2020), but this is controversial(Singh et al., 
2020). 

In fighting the COVID-19 outbreak, more than 90% of patients have 
used traditional Chinese medicine (TCM) as an integrative therapy in 
China (The State Council, 2020). Recently, one TCM product, Lianhua-
qingwen capsule, has been shown in one randomized controlled clinical 
trial (RCT) to ameliorate clinical symptoms of mild COVID-19 (Hu et al., 
2020). However, no RCT of TCM focusing on life threatening severe/-
critical cases has been reported yet. 

Our group has conducted a series of clinical and basic science 
research on a traditional Chinese medicine therapy for acute abdominal 
diseases (Fang et al., 2007; Liang et al., 2017), viral (including 
COVID-19) (Feng et al., 2020) or bacterial infections (Fang et al., 2019), 
and sepsis or septic shock (Chen et al., 2008; Chen et al., 2012b; Wang 
et al., 2019). Our methods have also been accepted into the treatment 
guidelines or expert consensus of the Chinese Medical Doctor Associa-
tion (CMDA) for integrative management of sepsis/septic shock 
(PHYSICANS. and Shoch and sepsis commission, 2019), and acute upper 
respiratory tract infections (Fang et al., 2019). Based on our data, a 
formula known as Shenhuang Granule (SHG) was developed (Fang et al., 
2017). With respect to the components of SHG, and according to TCM 
theory, rhubarb can reduce heat and promote blood circulation and 
resolve dampness. In the latest publication, it has been shown to possess 
extensive pharmacological activity, including antitumor activity, regu-
lation of gastrointestinal flora, protection of the intestinal mucosal 
barrier, and anti-inflammatory activity (Xiang et al., 2020). Rhubarb 
may also interfere with the progression of severe infectious diseases 
(Xiang et al., 2020). Ginseng is believed to increase strength, increase 
blood volume, promote longevity and appetite. Recent studies also 
suggest that ginseng exhibits activity against microbes, inflammation, 
cytotoxicity, hemagglutination and viruses (Kim and Yang, 2018). The 
present study was a prospective, multicenter, randomized, controlled, 
and open-label clinical trial to confirm the efficacy and safety of SHG in 
hospitalized adult patients with severe/critical COVID-19. 

Materials and methods 

Study design 

The study was a randomized, controlled, multicenter, open-label 
trial that was conducted at 4 medical centers in Hubei Province, 
China: Leishenshan Hospital of Wuhan, Tongji Hospital, Wuhan Mental 
Health Center, and Huangshi Hospital of TCM (The Infectious Disease 
Hospital). 

Study participants or legal representatives of family members signed 
the informed consent, which abides by the principles of the Declaration 
of Helsinki and the regulations on quality management of clinical trials 
in China. The study protocol was approved by the Ethics Committee 

(approval number HSZY-PJ-2020-001-01) and registered with the Chi-
nese Clinical Trial Registry (ChiCTR2000029777). The Institutional 
Review Board (Shanghai University of Traditional Chinese Medicine) 
approved the study prior to data collection. 

Patients 

Patients were diagnosed as equal to or worse than the severe case 
(severe or critical) according to the national interim guideline of diag-
nosis and treatment for coronavirus disease 2019 (COVID-19) set by the 
China National Health Commission (China, 2020). All patients were 
provided written informed consent. 

Inclusion criteria 

Subjects must meet all of the following requirements:  

1 Hospitalized patients with COVID-19 were confirmed by pathogenic 
detection viral diagnostic techniques (nucleic acid test) (Esbin et al., 
2020). 

2 Meet any one of the criteria in the severe or critical category ac-
cording to the national guideline of diagnosis and treatment (China, 
2020)  

3 Be ≥18 years of age 

Exclusion criteria  

1 Pregnant or lactating women  
2 Allergy to herbs of Shenhuang Granule  
3 History of a severe primary disease, including unresectable tumors, 

blood diseases (such as acute leukemia and purpura hemorrhagica) , 
HIV, severe liver dysfunction (serum bilirubin level > 205.2 µmol/l) 
or severe kidney dysfunction (serum creatinine > 442μmol/l or urine 
volumes ≤ 200 ml/day)  

4 Presence of obstructive pneumonia, interstitial pulmonary fibrosis, 
alveolar proteinosis, and hypersensitivity pneumonitis caused by 
obstructive lung tumors  

5 Have a severe psychiatric disorder 

Suspension criteria 

The criteria for suspension of participation are as follows:  

1 Poor compliance with investigators  
2 Incomplete data that might affect analysis of the results  
3 Voluntary withdrawal  
4 Using other medications which were not listed in the trial protocol 

that might affect analysis of the results 

Interventions 

The Shenhuang Granule is a formulation of the following raw herbs: 
50 g of Panax ginseng C. A. Mey (Renshen) root, 40 g of Rheum palmatum 
L. stem (Dahuang), 30g of Sargentodoxa cuneata stem (Hongteng), 30 g of 
Taraxacum mongolicum whole plant (Pugongying), 50 g of Aconiti Lateralis 
Radix Praeparata stem (Fuzi) and 6g of Whitmania pigra Whitman 
(Shuizhi) whole organism, After a series of extraction and manufacturing 
processes, the final product is a concentrated granule which is 1:5 of the 
raw herbs. The granules were packaged into two sachets before serving. 
The SHG was provided and manufactured by Beijing Tcmages Pharma-
ceutical Co., Ltd. The product was approved by the National Medical 
Product Administration (China) (Approval number: Jing 20180032). 
Patients underwent a 14-day treatment, and laboratory tests (complete 
blood count, general urine analysis, fecal occult blood test, hepatic 
function and renal function) were ordered on day 1, 3, 5, 7 and 14 since 
enrollment in the trial. The SHG was dissolved in warm water and taken 
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orally, with a dosing regimen of two sachets per day. For critical patients 
with difficulty taking medication, the full dose of the SHG solution was 
administered via a feeding tube. After 14 days, SHG was given twice 
daily until death or discharge. 

Patients were allowed to remain on standard care according to the 
national guideline of diagnosis and treatment for novel Coronavirus 
pneumonia (the new term is COVID-19) (Interim Version 7) (China, 
2020). One group received standard care and Shenhuang Granule (SHG 
group), while the other group received only standard care (control 
group). Detailed information about standard care is located in Table 1. 

Sample size 

Considering a previous study on COVID-19 using TCM, the clinically 
effective rate in the treatment group improved from 61.11% to 91.18%. 
The sample size was calculated according to the parameters α  = 0.05 
(two-sided test) and β  = 0.1. By comparing the clinically effective rates 
of the two groups with the sample size estimation formula, we deter-
mined that we needed to recruit at least 60 participants in each group to 
achieve sufficient statistical power. Since the withdrawal rate was less 
than 15%, a total of 160 participants were ultimately needed in the two 
groups, with 80 participants in each group, including both the severe 
and critical category. We used the calculation tool located at https 
://www.cnstat.org/samplesize/. 

Randomization 

Patients meeting the eligibility criteria were randomized into two 
groups (control group or SHG group) in a ratio of 1:1. At the coordi-
nating center (Tongji Hospital), consecutive numbers were prepared by 
a statistician who was not involved in the trial, and assigned to each 
hospital according to a center-stratified random order generated by SPSS 
software (version 19), then patients were randomly assigned to one of 
the two treatment groups: either standard care alone, or standard care 
with SHG. Eligible patients were allocated to receive medication in 
individually numbered packs. 

Outcomes and measurements 

The primary clinical endpoint was clinical improvement, which was 
defined as a one-point reduction in the patients’ admission status on a 
six-point ordinal scale according to the national interim guideline of 
diagnosis and treatment (China, 2020), or live discharge from the hos-
pital, whichever came first. Detailed clinical categories were defined as 
the following: 

1. Mild cases 

Clinical symptoms were mild and no signs of pneumonia on imaging. 
2. Moderate cases 
Fever and respiratory symptoms complicated with radiological 

findings of pneumonia. 
3. Severe cases 
Adult cases meeting any of the following criteria: 
3.1 Respiratory distress (≥ 30 breaths/ min); 
3.2 Oxygen saturation ≤ 93% at rest; 
3.3 Arterial partial pressure of oxygen (PaO2)/fraction of inspired 

oxygen (FiO2) ≦ 300 mmHg (l mmHg  = 0.133 kPa). 
In high-altitude areas (at an altitude of over 1,000 meters above sea 

level), PaO2/FiO2 shall be corrected by the following formula: 
PaO2/ FiO2 * [Atmospheric pressure (mmHg)/760] 
Cases with chest imaging that showed obvious lesion progression 

within 24-48 h > 50% shall be managed as severe cases. 
4. Critical cases 
Cases meeting any of the following criteria: 
4.1 Respiratory failure that requires mechanical ventilation; 
4.2 Shock; 
4.3 With other organ failure that requires ICU care; 
5. Discharge criteria  

(1) Body temperature returns to normal for more than 72 h;  
(2) Respiratory symptoms significantly improve (saturation of blood 

oxygen > 94% and respiratory rate ranges from 16/min to 24/ 
min);  

(3) Pulmonary imaging shows obvious reduction of inflammation;  
(4) Nucleic acid tests negative twice consecutively on respiratory 

tract samples such as sputum and nasopharyngeal swabs (sam-
pling interval being at least 24 h). 

The six-point ordinal scale was defined as: 6 = death; 5 = critical; 4 =
severe; 3 = moderate; 2 = mild; and 1 = discharge alive. 

Secondary outcomes were mortality, rate of advancing to critical 
category or receiving an invasive ventilator in the severe category. 
Safety outcomes included treatment-emergent adverse events, serious 
adverse events, and premature discontinuations of study drug. 

Statistical analysis 

The statistical analysis was performed in a blinded manner using the 
SPSS 19.0 software. To test if the data was normally distributed, the 
Komogoroff-Smirnoff test was performed. Continuous variables char-
acterizing each study group are expressed as means with standard errors 
or medians with interquartile ranges and analyzed by unpaired Stu-
dent’s t-test or Wilcoxon nonparametric statistics. Categorical variables 

Table 1 
Treatments received after enrolment   

Total (N=111) Control (N=54) SHG (N=57) Difference (95% CI) p value 
Receiving injection of interferon alfa-2b 24 (21.6) 12 (22.2) 12 (21.1) 1.07 (0.43 to 2.65) 0.881 
Receiving lopinavir–ritonavir 10 (9.0) 9 (16.7) 1 (1.8) 11.2 (1.37 to 91.73) 0.016* 
Vasopressors 61 (55.0) 35 (64.8) 26 (45.6) 2.20 (1.02 to 4.72) 0.042* 
Renal replacement therapy 10 (9.0) 5 (9.3) 5 (8.8) 1.06 (0.29 to 3.89) 1.00 
Highest oxygen therapy support      
Non-invasive mechanical ventilation 37 (33.3) 14 (25.9) 23 (40.4) 1.93 (0.86 to 4.33) 0.107 
Invasive mechanical ventilation 58 (52.3) 35 (64.8) 23 (40.4) 0.37 (0.17 to 0.79) 0.010# 

Extracorporeal membrane oxygenation or mechanical ventilation 4 (3.6) 2 (3.7) 2 (3.5) 1.06 (0.14 to 7.79) 0.956 
Antibiotic 100 (90.1) 52 (96.3) 48 (84.2) 4.88 (1.00 to 23.71) 0.033* 
Corticosteroids therapy after trial enrollment 48 (43.2) 19 (35.2) 29 (50.9) 0.52 (0.24 to 1.12) 0.095 
Other oral patent TCM product 25 (22.5) 14 (25.9) 11 (19.3) 1.46 (0.60 to 3.59) 0.403 

Data are median (IQR) or n (%). 
* p < 0.05,  

# p < 0.01 vs. the control group.  

S. Zhou et al.                                                                                                                                                                                                                                    

https://www.cnstat.org/samplesize/
https://www.cnstat.org/samplesize/


Phytomedicine 89 (2021) 153612

4

will be reported as frequencies and proportions and analyzed with a Chi- 
square test or Fisher’s exact test. After separating the total participants 
into the severe and critical category, a post hoc analysis for subgroup 
was conducted. A p value < 0.05 is considered as statistically significant. 

Results 

Patients 

Hospitalized patients were recruited from January 14, 2020 to 
March 28, 2020. The last follow up date was April 22, 2020 with the 
maximal time of follow up as 75 days. No patients were enrolled after 
March 29. Because of the control of the outbreak in Wuhan, the data 
safety and monitoring board recommended that the study be terminated 
and data analyzed on April 22. 

A total of 173 cases were assessed for eligibility. Some patients were 
willing to participate in the trial but requested to take only standard care 
or only Shenhuang Granule, which was defined as “other reasons” in the 
exclusion criteria and they were thus excluded from enrollment in the 
trial. A total of 122 patients eventually underwent randomization. 61 
patients each were assigned to either the control group or the SHG 
group. 7 and 4 from each group, respectively, received other individu-
alized raw herbs due to rapid advancement of severity and were thus 
excluded from final analysis (Figure 1). 

The median age of study participants was 66.0 years (IQR 56.0-72.0); 
the sex distribution was 70.4% (38/54) male vs. 29.6% (16/54) female 
in the control group and 57.9% male (33/57) vs. 42.1% (24/57) female 
in the SHG group (Suppl. Table 1). The time from symptoms onset to 
trial enrollment in the control group was 16 days (IQR 14-23.3) and in 
the SHG group it was 19 days (IQR 8.5-28.0). More patients in the 
control group had fever, heart rate > 100/min, respiratory rate > 24/ 
min, or oxygen saturation < 94%. However, the rate of receiving oxygen 
therapy such as mechanical ventilation and noninvasive oxygen support 
was similar in the two groups. Total white blood cell count, neutrophil 
count, lymphocyte count and interleukin – 6 (IL-6) were also compa-
rable between the control and SHG group. The percentage of patients 
receiving corticosteroid therapy was also comparable between the two 
groups. Lactate dehydrogenase (LDH), D Dimer and interleukin-10 (IL- 
10) were higher in the control group, and PaO2 were higher in the SHG 
group (Suppl. Table 1). 

Primary outcome 

The overall improvement rate was 24.1% (13/54) in the control 
group, compared to 61.4% (35/57) in the SHG group (p < 0.01). The 
post hoc analysis showed that in the severe category, patients in the 
control group had an improvement rate of 41.2% (7/17), which was 
significantly lower than the SHG group of 94.7% (18/19) (p < 0.01). In 
the critical category, the control group had an improvement rate of 
16.2% (6/37), which was also lower than the SHG group of 44.7% (17/ 
38) (p < 0.05) (Fig. 2A). 

Secondary outcome 

The mortality was 75.9% (41/54) in the control group compared to 
38.6% (22/57) in the SHG group (p < 0.01). After post hoc analysis, we 
found that in the severe category, the mortality of the control group was 
58.8% (10/17) compared to 5.3% (1/19) for the SHG group (p < 0.01). 
The trend was similar in the critical category, where the control group 
had a mortality of 83.8% (31/37) compared to 55.3% (21/38) for the 
SHG group (p < 0.05) (Figure 2B). 

88.2% (15/17) of severe patients in the control group advanced to 
critical status, while only 47.4% (9/19) (p < 0.01) of the SGH group 
advanced to critical status (Figure 3 A). Meanwhile, 58.8% (10/17) of 
the control group patients in the severe category eventually received an 
invasive ventilator, but to our surprise, 0% (0/19) of patients in the SHG 
group received an invasive ventilator (p < 0.01) (Figure 3 B). 

After administration of SHG, an increased lymphocyte count and a 
decreased total white blood cell and neutrophil count were observed 
(Suppl. Fig. 1). 

Adverse events 

Compared to the control group, we did not observe a significant in-
crease in adverse events from SHG. On the contrary, some adverse 
events such as increased blood sugar level, increased blood total bili-
rubin level, thrombocytopenia, respiratory failure or acute respiratory 
distress syndrome, cardiopulmonary failure and multiorgan dysfunction 
syndrome were decreased after administration of SHG (Table 2). No 
premature discontinuations of study drug were observed in this trial 
(Table 2). 

Figure 1. Trial profile  
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Discussion 

To the best of our knowledge, this is one of the very first clinical trials 
to be conducted in real time during the actual start of the future world- 
wide pandemic at the very center of the outbreak. Our clinical trial re-
sults showed that Shenhuang Granule (SHG) improved recovery from 
COVID-19 in both severe and critically ill patients. After administration 
of SHG, the overall mortality was reduced by 37.3%, and was reduced by 
50.5% in the severe category, compared to that of the control group. The 
chance of survival increased 2.8-fold compared to that of the control 
group in the critical category. For severe patients, SHG also appears to 
reduce disease progression to the critical category and to reduce the 
need for invasive ventilation therapy. 

Our past basic and clinical research has also demonstrated that SGH 
was associated with a reduction of inflammatory mediators (Chen et al., 
2012a; Chen et al., 2012b) and the regulation of intestinal flora (Liang 
et al., 2017; Wang et al., 2019). Our previous study showed that Rheum 
palmatum L. stem can block the progression and reverse the prognosis of 
severe inflammation (Liang et al., 2017). SHG, as a complex herbal 
mixture that contains numerous bioactive constituents, most likely acts 
at multiple levels and on multiple targets to improve COVID-19 
outcomes. 

The clinical outcome of the SHG group is also likely associated with 
the herb dosing and combination. The regular dose of Panax ginseng is 5- 
10 grams, but 50 grams were used in SHG, which is 5-10 times higher 
than the regular dose. Similarly, the dose of (40 g) of Rheum palmatum L. 
stem is 3-13 times higher than the regular dose (3-12 g). Intriguingly, 
Panax ginseng is not commonly used to manage acute inflammation or 
infection in textbooks of TCM as it would be considered to aggravate 
these acute disorders. Nevertheless, our previous basic and clinical 
research showed a beneficial role of Panax ginseng, especially if a high 
dose was used (Fang et al., 2017). High dose of Panax ginseng and Aconiti 
Lateralis Radix Praeparata stem (Fuzi) have been reported to improve 
cardiac function in heart failure conditions (Yan et al., 2018). Mean-
while, Whitmania pigra Whitman (Shuizhi) whole organism can be 
beneficial for micro-thrombosis (Ren et al., 2019), a critical factor for 
prognosis of COVID-19. 

The mortality rate in the critical control group in this trial was as 
high as 83.8%. We believe this was at least partly associated with the 
care provided by our medical centers in supporting treatment for 
COVID-19 in China. The tertiary medical centers in this clinical trial 
were designated as referral centers to receive severe/critical cases only. 
The high mortality rate might also be associated with our long follow up 
time. In a report examining outcomes of COVID-19 patients in New 

Figure 2. Severity Status at Baseline and after Treat-
ment, and final mortality. A. Severity Status at 
Baseline and after Treatment. For each severity 
category, percentages were calculated with the number 
of patients at baseline as the denominator. Improve-
ment (light blue cells), no change (beige) and wors-
ening (gray) in severity status are shown. B. Mortality 
of patients in the control group or the SHG group. 
P value is shown in the figure.   

Figure 3. The rate of advancement to critical status (A) or using an invasive ventilator (B) of the control group or the SHG group in patients enrolled as severe status. 
P value is shown in the figure. 
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York, with a median follow-up time of 4.5 days, the mortality of patients 
receiving mechanical ventilation was initially 88.1% (Richardson et al., 
2020). We consider the trend observed in New York hospitals for 
severe/critical COVID-19 patients is likely similar to what we observed 
in Hubei Province, China, if the follow-up time was long enough, for 
example 75 days. 

We did observe that some baseline parameters such as fever, heart 
rate, respiratory rate, oxygen saturation, LDH, IL-6 and D Dimer were 
different between the control and SHG group. We think this is probably 
due to the diagnostic criteria: any one of three criteria met would be 
diagnosed as a severe case. Although the disease severity was compa-
rable between the two groups; and the rate of receiving mechanical 
ventilation was similar in the two groups, we still consider this baseline 
difference undesirable. 

Our study had some limitations: First, the sample size of the present 
study is relatively small. Second, initiation of SHG treatment was quite 
late in some patients. Third, there was no viral load data. Fourth, the 
study population only included patients within the Hubei Province of 
China. Fifth, because of the emergency nature of the trial, placebos were 
not prepared. A larger and more rigorous international multicenter RCT 
with enough participants may ultimately confirm the safety, tolerability 
and efficacy of SHG. 

In summary, we integrated Shenhuang Granule into standard care 
and showed improved clinical outcomes in both severe and critical 

COVID-19 patients. Administration of SHG in the severe category also 
reduced the rate of advancement to critical status and the percentage of 
patients that went on to receive invasive ventilator therapy. 

Conclusion 

SHG is a promising integrative therapy for severe/critical COVID-19. 

Trial protocol 

The full trial protocol can be accessed by contacting the corre-
sponding author. 
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Table 2 
Summary of adverse events.   

Total (N=111) Control (N=54) SHG (N=57) Difference (95% CI) P value 

Adverse events (%)      
Any 110 (99.1) 54 (100) 56 (98.2) 0.98 (0.95 to 1.02) 1.00 
Hypoalbuminemia 59 (53.2) 38 (70.4) 21 (36.8) 4.07 (1.84 to 9.01) <0.001# 

Hypokalemia 13 (11.7) 9 (16.7) 4 (7.0) 2.65 (0.77 to 9.19) 0.114 
Increased blood glucose 73 (65.8) 43 (79.6) 30 (52.6) 3.52 (1.52 to 8.17) 0.003# 

Anemia 58 (52.3) 29 (53.7) 29 (50.9) 1.12 (0.53 to 2.36) 0.766 
Rash 1 (0.9) 0 1 (1.8) 0.98 (0.95 to 1.02) 1.00 
Thrombocytopenia 57 (51.4) 36 (66.7) 21 (36.8) 3.43 (1.57 to 7.49) 0.002# 

Increased total bilirubin 26 (23.4) 19 (35.2) 7 (12.3) 3.88 (1.47 to 10.21) 0.004# 

Increased blood lipids 43 (38.7) 24 (44.4) 19 (33.3) 1.6 (0.74 to 3.45) 0.23 
Increased white blood cell count 66 (59.5) 43 (79.6) 23 (40.4) 5.78 (2.48 to 13.49) <0.001# 

Increased blood urea nitrogen 49 (44.1) 31 (57.4) 18 (31.6) 2.92 (1.34 to 6.35) 0.006 
Increased neutrophil 79 (71.2) 49 (90.7) 30 (52.6) 8.82 (3.07 to 25.38) < 0.001# 

Aspartate aminotransferase increased 58 (52.3) 35 (64.8) 23 (40.4) 2.72 (1.26 to 5.88) 0.01# 

Constipation 2 (1.8) 0 2 (3.5) 0.97 (0.92 to 1.01) 0.496 
Nausea 5 (4.5) 4 (7.4) 1 (1.8) 4.48 (0.49 to 41.42) 0.198 
Diarrhea 11 (9.9) 9 (16.7) 2 (3.5) 5.5 (1.13 to 26.76) 0.02* 
Vomiting 5 (4.5) 4 (7.4) 1 (1.8) 4.48 (0.49 to 41.42) 0.198 
Abnormal serum sodium 36 (32.4) 29 (53.7) 7 (12.3) 8.29 (3.19 to 21.53) <0.001# 

Increased serum potassium 37 (33.3) 27 (50) 10 (17.5) 4.7 (1.98 to 11.18) <0.001# 

Serious adverse events (%)      
Any 98 (88.3) 53 (98.1) 45 (78.9) 14.13 (1.77 to 112.94) 0.002# 

Respiratory failure or acute respiratory distress syndrome 66 (59.5) 43 (79.6) 23 (40.4) 5.78 (2.48 to 13.49) <0.001# 

Cardiopulmonary failure 39 (35.1) 31 (57.4) 8 (14.0) 8.26 (3.28 to 20.75) <0.001# 

Pulmonary embolism 2 (1.8) 2 (3.7) 0 1.04 (0.99 to 1.09) 0.234 
Cardiac arrest 46 (41.4) 30 (55.6) 16 (28.1) 3.20 (1.46 to 7.05) 0.003# 

Acute coronary syndrome 2 (1.8) 1 (1.9) 1 (1.8) 1.06 (0.06 to 17.33) 1.00 
Tachycardia 12 (10.8) 6 (11.1) 6 (10.5) 1.06 (0.32 to 3.52) 0.92 
Septic shock 11 (9.9) 5 (9.3) 6 (10.5) 0.87 (0.25 to 3.03) 0.823 
Sepsis 11 (9.9) 4 (7.4) 7 (12.3) 0.57 (0.16 to 2.08) 0.39 
Bronchitis 5 (4.5) 1 (1.9) 4 (7.0) 0.25 (0.03 to 2.31) 0.364 
Thrombocytopenia 49 (44.1) 34 (63) 15 (26.3) 4.76 (2.12 to 10.68) <0.001# 

Increased D-dimer 94 (84.7) 51 (94.4) 43 (75.4) 5.54 (1.49 to 20.54) 0.005# 

Hemorrhage of lower digestive tract 4 (3.6) 0 4 (7.0) 0.93 (0.87 to 1.00) 0.119 
Acute kidney injury 19 (17.1) 12 (22.2) 7 (12.3) 2.04 (0.74 to 5.65) 0.165 
Multiple organ dysfunction syndrome 37 (33.3) 28 (51.9) 9 (15.8) 5.74 (2.36 to 13.98) <0.001# 

Data are n (%) and include all events reported after enrollment in research. Some patients had more than one adverse event. No patients discontinued the drug unless 
hospital discharge or early death. COVID-19 = coronavirus disease 2019. 

* p < 0.05,  

# p < 0.01 vs. the control group.  
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