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Background: Reduning injection is a traditional Chinese medicine (TCM) with known efficacy against a 
variety of viral infections, but there is no data about its efficacy against coronavirus disease 2019 (COVID-19).
Methods: To explore the efficacy and safety of Reduning injection in the treatment of COVID-19, a 
randomized, open-labeled, multicenter, controlled trial was conducted from 12 general hospitals between 
2020.02.06 and 2020.03.23. Patients with COVID-19 who met the diagnostic criteria of the “Diagnosis and 
Treatment Program for Novel Coronavirus Infection Pneumonia (Trial Fifth Edition)”. Patients were randomized 
to routine treatment with or without Reduning injection (20 mL/day for 14 days) (ChiCTR2000029589). 
The primary endpoint was the rate of achieving clinical symptom recovery on day 14 of treatment.
Results: There were 77 and 80 participants in the Reduning and control groups. The symptom resolution 
rate at 14 days was higher in the Reduning injection than in controls [full-analysis set (FAS): 84.4% vs. 
60.0%, P=0.0004]. Compared with controls, the Reduning group showed shorter median time to resolution 
of the clinical symptoms (143 vs. 313.5 h, P<0.001), shorter to nucleic acid test turning negative (146.5 vs. 
255.5 h, P<0.001), shorter hospital stay (14.1 vs. 18.1 days, P<0.001), and shorter time to defervescence (29 
vs. 71 h, P<0.001). There was no difference in AEs (3.9% vs. 8.8%, P=0.383).
Conclusions: This preliminary trial suggests that Reduning injection might be effective and safe in 
patients with symptomatic COVID-19.

Keywords: Coronavirus disease 2019 (COVID-19); randomized controlled trial; traditional Chinese medicine 

(TCM); efficacy and safety

5155

https://crossmark.crossref.org/dialog/?doi=10.21037/apm-20-2121


5147Annals of Palliative Medicine, Vol 10, No 5 May 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5146-5155 | http://dx.doi.org/10.21037/apm-20-2121

Introduction

Coronavirus disease 2019 (COVID-19) is a global pandemic 
of acute respiratory disease caused by a novel coronavirus 
(SARS-CoV-2) (1). SARS-CoV-2 is a member of the β-genus 
coronaviruses and is closely related to SARS-CoV (2). The 
first cases were reported in Wuhan in December 2019. On 
June 30, 2020, the World Health Organization (WHO) 
reported that nearly all countries were affected, with a total 
of 10,185,374 cases and 503,862 deaths (WHO data). The 
common signs of COVID-19 include fever, cough, and 
shortness of breath (1,3,4). Severe cases can progress to 
severe acute respiratory syndrome (SARS) that will require 
oxygen and respiratory support, and that may progress to 
death (3-5).

There is no specific antiviral treatment for COVID-19, 
but supportive care performed on a case-by-case basis may 
help relieve symptoms and should include support of vital 
organ functions in severe cases (6-8). Supportive therapies 
are currently the keystone to COVID-19 treatment (6-8),  
and the development of vaccines and new drugs takes 
time. Traditional Chinese medicine (TCM) has a long 
history in the treatment of viral respiratory diseases such as  
influenza (9). Recently, some TCM compounds were 
explored for efficacy against COVID-19 (10). Recent 
studies examined the effect of the Lianhuaqingwen capsule 
and showed that it could shorten the course of the disease 
and improve the patients’ condition (11-13).

Reduning injection is a TCM that possesses some 
efficacy against viral diseases such as H1N1 influenza 
A, hand-foot-mouth disease, and pneumonia (14-17). 
Reduning injection is composed of three herbs (Artemisia 
annua, Lonicera japonica Thunb, and Gardenia jasminoides 
Ellis), and its main functions are “clearing heat, relieving 
wind and detoxifying”. The indications for treatment 
include hyperpyrexia, mild nausea and wind cold, headache, 
pain, cough, and yellow phlegm, as well as upper respiratory 
tract infections with the above symptoms (14-17). In 
Reduning, Artemisia apiacea is the major ingredient, with 
effects of clearing heat and cooling blood, and penetrating 
and dispersing muscle surface. Lonicera japonica Thunb 
is a supporting drug, with effects of clearing heat and 
detoxifying, evacuating wind and heat to help Artemisia 

apiacea clearing heat, penetrating, and dispersing. Fructus 
gardenia is an assistant drug, with effects of clearing heat 
and removing dampness, cooling blood, and detoxifying. 
The combination of those drugs has effects of clearing heat, 
evacuating wind, and detoxifying. Modern pharmacological 
studies showed that Reduning injection has effects such as 
antiviral, antipyretic, and anti-inflammatory storm (14,15). 
Reduning injection was included in the “Diagnosis and 
Treatmnt Program for Influenza a H1N1 Influenza” by the 
Chinese Ministry of Health in 2010, the “Chinese Medicine 
Guidelines for diagnosis and treatment of viral pneumonia 
in children” in 2011, the “Hospital Infection Prevention and 
Control Technical Guidelines for Middle East Respiratory 
Syndrome” in 2015 and a total of 12 guidelines.

Nevertheless, despite its known efficacy for a variety 
of viral infections, there is no data about the efficacy of 
Reduning injection against COVID-19. Therefore, the aim 
of the present trial was to explore the efficacy and safety of 
Reduning injection in the treatment of COVID-19. The 
results might suggest a novel drug in the armamentarium 
against COVID-19. We present the following article 
in accordance with the CONSORT reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-2121).

Methods

Study design and participants

This was a randomized, open-labeled, multicenter, 
controlled trial of patients with COVID-19 who met 
the diagnostic criteria of the “Diagnosis and Treatment 
Program for Novel Coronavirus Infection Pneumonia (Trial 
Fifth Edition)” (18) (Appendix 1) were included from 12 
general hospitals between 2020.02.06 and 2020.03.23. The 
study was approved by the Ethics Committee of Tianjin 
University of Traditional Chinese Medicine (No. RDN-
2019-nCoV-1.1). The study followed the GCP guidelines 
and the Declaration of Helsinki (as revised in 2013). 
Written informed consent was obtained from the patients or 
legal representatives. The study was registered in Chinese 
Clinical Trial Registry (ChiCTR2000029589).

The inclusion criteria were: (I) diagnosed with 
COVID-19; (II) one or more symptoms among fever, cough, 

Submitted Oct 27, 2020. Accepted for publication Mar 25, 2021.

doi: 10.21037/apm-20-2121

View this article at: http://dx.doi.org/10.21037/apm-20-2121

http://dx.doi.org/10.21037/apm-20-2121
https://cdn.amegroups.cn/static/public/APM-20-2121-supplementary.pdf


5148 Xu et al. RCT of Reduning injection for COVID-19

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(5):5146-5155 | http://dx.doi.org/10.21037/apm-20-2121

and fatigue at enrollment; (III) the time from onset to 
diagnosis time was not more than 48 h; and (IV) ≥18 years 
of age. The exclusion criteria were: (I) immunodeficiency, 
immunosuppressive drugs, or glucocorticoids within the 
past 3 months; (II) preparing for pregnancy, pregnant 
women, or lactating women; (III) allergies to more than 
two types of drugs or foods or allergies to ingredients of the 
trial drug; (IV) psychosis or those without self-knowledge 
ability; (V) estimated survival time less than 48 h from the 
start of screening; (VI) tracheal intubation was already done 
before screening; or (VII) those who were judged by the 
investigators to be not suitable to participate in the trial.

Randomization and grouping

A simple randomization method was used to randomly 
group the participants, based on the last digit of their ID 
card. Those with an even number entered the Reduning 
group, and those with an odd number entered the control 
group. The participants in the Reduning group received 
routine treatment + Reduning injection, while the control 
group received routine treatment. This was an open-label 
trial, and there was no blinding.

Reduning injection

Reduning injection is a Class II new TCM. It obtained a 
new drug certificate and production approval from the State 
Food and Drug Administration on May 10, 2005 (National 
Pharmaceutical Standard #Z20050217). Reduning injection 
is composed of three TCM herbs: Artemisia annua, Lonicera 
japonica Thunb, and Gardenia jasminoides Ellis. It has 
antiviral, anti-inflammatory, antipyretic, antibacterial, and 
immunomodulatory effects.

Treatment methods

For routine management, all treatments complied with 
the “Diagnosis and Treatment Program for Novel Coronavirus 
Infection Pneumonia (Trial Fifth Edition)”, including 
supportive treatment (oxygen), antiviral treatment, and 
symptomatic treatment. For Reduning treatment, 20 mL of 
Reduning injection was diluted with 250 mL of saline, and 
then intravenously infused once a day for 2 weeks.

Endpoints

The primary endpoint was the rate of achieving clinical 

symptom recovery on day 14 of treatment. The standard 
of clinical symptom recovery was the disappearance of 
the main symptoms, such as fever, cough, and fatigue. 
The secondary endpoints included the proportion of 
patients who achieved clinical symptom recovery on days 
7 and 10, the time for clinical recovery of the patients, 
the time for nucleic acid turning negative (defined as two 
consecutive negative nucleic acid tests, at least 1 day apart 
for respiratory tract pathogens), time for the first negative 
test result, hospitalization duration [the criteria for release 
from quarantine and discharge were according to the 
“Diagnosis and Treatment Program for Novel Coronavirus 
Infection Pneumonia (Trial Fifth Edition)”], and time for 
defervescence (the time required to reach <37.4 ℃ after 
starting medication and maintained for at least 24 h or 
more).

Data collection and definition

The sex, age, height, weight, admission temperature, 
CURB-65 score (19), disease grading [mild, moderate, 
severe, and critical according to the “Diagnosis and Treatment 
Program for Novel Coronavirus Infection Pneumonia (Trial 
Fifth Edition)”], clinical symptoms (fever, fatigue, cough, 
wheezes, and sputum), and medication (antiviral drugs, 
antibacterial drugs, and hormones) were collected.

Safety

All adverse events (AEs), defined as any adverse medical 
events that occurred from the beginning of the patient’s 
enrollment to the end of the trial, regardless of whether 
there was a causal relationship with the trial drug, that 
occurred in the trial were recorded.

Statistical analysis

As this is a preliminary trial and no previous data were 
available, a power analysis was not performed when 
designing the trial, but a post hoc power analysis was 
performed. The full-analysis set (FAS) included all enrolled 
patients who had received the test drug at least once and 
had at least one assessment record. The missing effective 
indicators were estimated using the last observation carried 
forward (LOCF) method. The FAS population was used for 
the analysis of the primary and secondary efficacy indicators. 
The per-protocol set (PPS) included all participants that 
complied with the trial protocol, had good compliance, did 
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not use forbidden drugs during the trial, and completed 
the contents specified in the case report form (CRF). The 
PPS population was used for the analysis of the primary 
and secondary efficacy indicators. The safety analysis set 
(SS) referred to the participants that received at least one 
study treatment and had baseline data of safety and at least 
one visit for safety. The SS was the main population for the 
safety evaluation in this study.

All analyses were performed using SAS 9.4 (order 
number: 9C1XJD, SAS Institute, Cary, NY, USA). After 
verifying the distribution of the continuous variables using 
the Kolmogorov-Smirnov test, the data were presented as 
means ± standard deviations and compared using Student’s 
t-test. The categorical variables were expressed as numbers 
(percentage) and analyzed using the chi-square test or 
Fisher’s exact test. Kaplan-Meier curves were drawn for 
time for clinical symptom recovery, time for nucleic acid 
turning negative, length of hospital stay, and time for 
defervescence; they were analyzed using the log-rank test. 
All tests two-tailed (except the chi-square test) and P values 
<0.05 were considered statistically significant.

Results

Characteristics of the patients

Figure 1 presents the patient flowchart. A total of 157 

patients confirmed with COVID-19 from 12 general 
hospitals  were enrolled and randomized between 
2020.02.06 and 2020.03.23. Among them, there were 77 
and 80 participants in the Reduning and control groups, 
respectively, with 77 and 80 in the FAS and SS, and 72 and 
79 in the PPS. All 157 participants completed the study. 
Table 1 shows that the two groups were similar regarding 
age, sex, temperature at onset, CURB-65 score, symptoms, 
and combined medication (all P>0.05).

Efficacy

Table 2 presents the efficacy results. The symptom 
resolution rate at 14 days was higher in the Reduning 
injection than in the control group (FAS: 84.4% vs. 60.0%, 
P=0.0004; PPS: 86.1% vs. 59.5%, P=0.0002). Similar results 
were also observed earlier in the treatment course, i.e., at 
7 days (FAS: 81.8% vs. 23.8%, P<0.0001; PPS: 81.9% vs. 
22.8%, P<0.0001) and 10 days (FAS: 84.4% vs. 48.9%, 
P<0.0001; PPS: 84.7% vs. 48.1%, P<0.0001). In the FAS, 
compared with the control group, the Reduning group had 
a shorter median time to resolution of the clinical symptoms 
(143 vs. 313.5 h, P<0.001) (Figure 2), shorter to nucleic acid 
test turning negative (146.5 vs. 255.5 h, P<0.001) (Figure 3), 
shorter hospital stay (14.1 vs. 18.1 days, P<0.001) (Figure 4),  
and shorter time to defervescence (29 vs. 71 h, P<0.001) 

Figure 1 Participant flowchart. FAS, full-analysis set; PPS, per-protocol set; SS, safety analysis set.
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Table 1 Baseline characteristics

Indicators All (n=157) Reduning group (n=77) Control group (n=80) P

Age (years) 49.8±15.8 49.1±15.7 50.4±16.0 0.6060

>65 years old, n (%) 26 (16.6) 12 (15.6) 14 (17.5) 0.7469

Male, n (%) 87 (55.4) 43 (55.8) 44 (55.0) 0.9153

Temperature at onset (℃) 37.5±0.7 37.5±0.8 37.5±0.7 0.7462

Disease grade, n (%) 0.0831

Mild 5 (3.2) 4 (5.2) 1 (1.3)

Moderate 132 (84.1) 67 (87.0) 65 (81.3)

Severe 20 (12.7) 6 (7.8) 14 (17.5)

CURB-65 >3, n (%) 133 (84.7) 65 (84.4) 68 (85.0) 0.9190

Symptoms, n (%)

Fever 110 (70.1) 52 (67.5) 58 (72.5) 0.4969

Fatigue 69 (44.0) 38 (49.4) 31 (38.8) 0.1809

Cough 115 (73.3) 60 (77.9) 55 (68.8) 0.1943

Wheeze 8 (5.1) 5 (6.5) 3 (3.8) 0.4345

Sputum 14 (8.9) 8 (10.4) 6 (7.5) 0.5254

Combined medication, n (%)

Antiviral agents 155 (98.7) 75 (97.4) 80 (100.0) 0.2389

Antibacterial agents 116 (73.9) 61 (79.2) 55 (68.8) 0.1496

Hormones 53 (33.8) 20 (26.0) 33 (41.3) 0.0628

The data of patients, including sex, age, height, weight, admission temperature, and CURB-65 score were listed. CURB-65, Confusion, 
Urea, Respiratory rate and Age 65.

Table 2 Cure rates of symptoms on days 7, 10, and 14

Time
FAS PPS

Reduning group (n=77) Control group (n=80) P Reduning group (n=77) Control group (n=79) P

7th day, n (%) 63 (81.8) 19 (23.8) <0.0001 59 (81.9) 18 (22.8) <0.0001

10th day, n (%) 65 (84.4) 39 (48.8) <0.0001 61 (84.7) 38 (48.1) <0.0001

14th day, n (%) 65 (84.4) 48 (60.0) 0.0004 62 (86.1) 47 (59.5) 0.0002

FAS, full-analysis set; PPS, per-protocol set.

(Figure S1). Similar results were observed in the PPS. Taken 
together, Reduning led to better resolution rate at 14 days 
of treatment, which involved a shorter time to symptom 
resolution, shorter time to negative nucleic acid test, and 
faster resolution of fever, which contributed together to 
shorter hospitalization.

Safety

Table 3 presents the safety data. There was no difference in 
the occurrence of AEs between the two groups (Reduning: 
3.9% vs. controls: 8.8%, P=0.383). There were three deaths 
in the control group and none in the Reduning group. 

https://cdn.amegroups.cn/static/public/APM-20-2121-supplementary.pdf
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Figure 2 Time for the resolution of the clinical symptoms. (A) Full-analysis set (FAS); (B) per-protocol set (PPS). The blue line represents 
the control group.

Figure 3 Time to nucleic acids turning negative. (A) Full-analysis set (FAS); (B) per-protocol set (PPS).

The AEs in the Reduning group were nausea (2/77, 2.6%), 
diarrhea (1/77, 1.3%), and stomach discomfort (1.77, 1.3%).

Post-hoc power analysis

Based on the results for the primary endpoint in the FAS 
and considering α=0.05, this trial had a power of 90–95%, as 
calculated using StatMate 2.0 (GraphPad Software Inc., San 
Diego, CA, USA). Therefore, the post hoc power analysis 
suggests that the study was adequately powered to detect 
differences in the symptom resolution rate at 14 days.

Survival

Table S1 shows that the difference in the 28-day survival of 
the participants was not statistically significant (FAS: 100% 
vs. 96.3%, P=0.246; PPS: 100% vs. 96.2%, P=0.247).

Discussion

Reduning injection is a TCM with known efficacy against 
a variety of viral infections such as H1N1 influenza A, 
hand-foot-mouth disease, and acute bronchitis, but there 

https://cdn.amegroups.cn/static/public/APM-20-2121-supplementary.pdf
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Figure 4 Length of hospital stay. (A) Full-analysis set (FAS); (B) per-protocol set (PPS). 

Table 3 AEs

Events Reduning group (n=77) Control group (n=80)

AEs, n (%) 3 (3.9) 7 (8.8)

Death, n (%) 0 3 (3.8)

Abnormal liver function, n (%) 0 2 (2.5)

Nausea, n (%) 2 (2.6) 1 (1.3)

Diarrhea, n (%) 1 (1.3) 0

Bitter taste, n (%) 0 1 (1.3)

Stomach discomfort, n (%) 1 (1.3) 0

Poor appetite, n (%) 0 1 (1.3)

Data of AEs were recorded. AE, adverse event.

is no data about its efficacy against COVID-19. Therefore, 
this randomized, open-labeled, multicenter, controlled 
trial aimed to explore the efficacy and safety of Reduning 
injection in the treatment of COVID-19. This preliminary 
trial suggests that Reduning injection might be effective and 
safe in patients with symptomatic COVID-19.

The absence of a vaccine and effective drugs against 
SARS-CoV-2, and the lack of time to develop an entirely 
novel drug class, limit the current treatments of COVID-19 
to supportive treatments (1,20). Different drugs were tried, 
including HIV protease inhibitors (21-23), nucleoside 
analogs (24), chloroquine (24), and corticosteroids (25-27), 
but with uncertain efficacy and sometimes significant side 
effects (28). 

A number of TCM preparations are known to possess 
efficacy against viral infections, including SARS-CoV (28).  

Some TCM compounds are known to possess direct effects 
on viral proteins (29). TCM was extensively used for 
the management of SARS-CoV and, given the similarity 
between SARS-CoV and SARS-CoV-2, some evidence 
from SARS-CoV could be used (28). A number of clinical 
trials are underway for the efficacy and safety of TCM 
against COVID-19, but the present trial is the only one on 
Reduning. Published data showed that the Lianhuaqingwen 
capsule and showed that it could shorten the course of 
the disease and improve the patients’ condition (9,11,12). 
In the same manner, Reduning had a marked efficacy in 
terms of symptom resolution rates at 7, 10, and 14 days, 
time to resolution of symptoms, time to defervescence, 
hospitalization, and time to a negative nucleic acid test. 
Nevertheless, whether a TCM is superior to another against 
COVID-19 will have to be evaluated with head-to-head 
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comparisons within the same trial.
Reduning injection is composed of three herbs: 

Artemisia annua, Lonicera japonica Thunb, and Gardenia 
jasminoides Ellis. Artemisinin and artesunate have known 
anti-malaria and antiviral properties (30), including against 
hepatitis B virus, bovine viral diarrhea virus, Epstein-
Barr virus, and SARS-CoV (31,32). Lonicera japonica 
Thunb contains microRNA2911, which directly targets 
the influenza A virus (33). Iridoid glycoside extracts 
from Gardenia jasminoides Ellis also directly inhibit the 
influenza A virus (34). Therefore, the three components of 
Reduning injection possess proven antiviral properties, but 
which compounds are effective against COVID-19 will 
require additional study.

The present study showed that the occurrence of AEs 
was similar in the two groups. Of note, the only three deaths 
were observed in the control group, but it is unknown 
whether additional deaths were prevented by Reduning 
injection. Of note, Reduning injection is known to have 
allergenic compounds (35). Although no allergic reactions 
or anaphylactic shocks were observed in the present trial, it 
remains a possibility that they have to be considered when 
giving the treatment.

This study has limitations. This study was an exploratory 
and open-labeled trial, and the sample size was not 
calculated before conducing it. Only a small number of 
patients were included, which did not allow stratification 
based on disease severity. A variety of supportive drugs had 
to be given based on the guidelines (18), and their influence 
on the results could not be controlled and might constitute 
a bias. Because COVID-19 is an international emergency 
and treatment was the first priority, the randomization 
method was not standardized, and only a semi-random 
method was used.

In conclusion, this preliminary trial suggests that 
Reduning injection might be effective and safe in patients 
with symptomatic COVID-19. Additional studies are 
necessary to confirm the results.
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Supplementary

Appendix 1

Case definitions

Diagnosis and Treatment Program for Novel Coronavirus Infection Pneumonia (Trial Fifth Edition, China) (1).

Case for reporting

At least one of the epidemiological histories (14 days before onset of symptoms):
(I) Travel or stay in Wuhan and surrounding cities and regions;
(II) Contact with a person diagnosed with COVID-19;
(III) Contact with a person from Wuhan and surrounding cities and regions;
(IV) Clustering occurrence.

Or at least two of the following clinical symptoms:
(I) Fever (measured or subjective) or respiratory symptoms;
(II) The total number of normal or decreased leukocytes;
(III) The total number of decreased lymphocytes.

Clinical confirmed cases

Suspected cases with radiographic evidence of pneumonia.

Confirmed cases

Clinical confirmed cases or suspected cases with at least one of following pathogenic evidence:
(I) Positive in SARS CoV-2 RT-PCR examination from respiratory tract or blood sample;
(II) High homology with SARS CoV-2 virus genomes in respiratory tract or blood sample sequencing.

Clinical classification

Two types of clinical classification were studied, including common and severe cases.

Common case:
(I) Fever (measured or subjective) or respiratory symptoms;
(II) Radiographic evidence of pneumonia

Severe case, at least one of the following symptoms:
(I) Respiratory distress, RR ≥30 times/min;
(II) Resting-state, mean oxygen saturation ≤93%;
(III) PaO2/FiO2 ≤300 mmHg (1 mmHg =0.133 kPa).

Additional inclusion and exclusion criteria

The full list of exclusion criteria, included:
(I) Diagnosed with COVID-19;
(II) One or more symptoms among fever, cough, and fatigue at enrollment;
(III) The time from onset to diagnosis time was not more than 48 h;
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(IV) ≥18 years of age.

The full list of exclusion criteria, included:
(I) Immunodeficiency, immunosuppressive drugs, or glucocorticoids within the past 3 months;
(II) Preparing for pregnancy, pregnant women, or lactating women;
(III) Allergies to more than two types of drugs or foods or allergies to ingredients of the trial drug;
(IV) Psychosis or those without self-knowledge ability;
(V) Estimated survival time less than 48 h from the start of screening;
(VI) Tracheal intubation was already done before screening;
(VII) Those who were judged by the investigators to be not suitable to participate in the trial.

The study was approved by the Ethics Committee of Tianjin University of Traditional Chinese Medicine. The study followed 
the GCP guidelines and the Declaration of Helsinki. Written informed consent was obtained from the patients or legal 
representatives. The study was registered (ChiCTR2000029589).

Amendments

We had an amendment on June 28, 2020. Secondary indicators including length of hospital stay and laboratory tests (leukocyte, 
lymphocyte count, neutrophil count, C-reactive protein, erythrocyte sedimentation rate, D-dimer improvement) were added 
to this trail research.

Figure S1 Time for defervescence. (A) Full-analysis set (FAS). (B) Per-protocol set (PPS). The blue line represents the control group.

Table S1 Survival rate at 28 days

Time
FAS PPS

Reduning group (n=77) Control group (n=80) P Reduning group (n=77) Control group (n=79) P

28th day, n (%) 77 (100.0) 77 (96.3) 0.2455 72 (100.0) 76 (96.2) 0.2466

FAS, full-analysis set; PPS, per-protocol set.
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