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Xiyanping (XYP) is a Chinese herbal medicine used in the clinic to treat respiratory

infection and pneumonia. Recent evidence identified XYP as a potential inhibitor of

severe acute respiratory syndrome coronavirus 2, implying XYP as a possible treat-

ment for the coronavirus disease 2019 (COVID-19). Here, we conducted a prospec-

tive, multicenter, open-label and randomized controlled trial to evaluate the safety

and effectiveness of XYP injection in patients with mild to moderate COVID-19. We

consecutively recruited 130 COVID-19 patients with mild to moderate symptoms

from five study sites, and randomized them in 1:1 ratio to receive XYP injection in

combination with standard therapy or receive standard supportive therapy alone. We

found that XYP injection significantly reduced the time to cough relief, fever resolu-

tion and virus clearance. Less patients receiving XYP injection experienced disease

progression to the severe stage during the treatment process. No severe adverse

events were reported during the study. Taken together, XYP injection is safe and

effective in improving the recovery of patients with mild to moderate COVID-19.

However, further studies are warranted to evaluate the efficacy of XYP in an

expanded cohort comprising COVID-19 patients at different disease stages.
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1 | INTRODUCTION

Since it was first detected in Wuhan City, China, the coronavirus dis-

ease 2019 (COVID-19) has become a global health threat affecting

over 200 countries and territories. As of August 19, 2020, about 22.2

million COVID-19 cases have been documented worldwide and

782,000 patients have lost their lives. COVID-19 is caused by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which

infects the respiratory tract, inflames one or both lungs and results in

breathing difficulties. As there is currently no specific therapy for

COVID-19, repurposing existing drugs offers an alternative strategy

to lighten the burden of the coronavirus pandemic. Several antiviral

medications, such as antimalarial agents (e.g., chloroquine and hydro-

xychloroquine) and HIV medicine (e.g., lopinavir/ritonavir), have been

tested for their effectiveness in treating coronavirus. However, due to

increased toxicity, unfavorable pharmacodynamics and lack of clinical

benefits, none of these drugs have been approved for COVID-19
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treatment (Boulware et al., 2020; Cao et al., 2020; Tang et al., 2020).

More effort is thus needed to evaluate other potential antiviral

treatments.

Xiyanping (XYP) is a marketed proprietary Chinese medicine used

for the treatment of upper respiratory tract infection, viral pneumonia,

influenza and bronchitis for more than three decades (Yang

et al., 2019). XYP is primarily composed of 9-dehydro-17-hydro-

andrographolide and sodium 9-dehydro-17-hydro-andrographolide-

19-yl sulfate, which are derived from herbaceous plant Andrographis

paniculate (Table S1) (Chong, Chen, Luo, & Jiang, 2013). The main

active component of A. paniculate, andrographolide, has been charac-

terized with broad-spectrum antiviral properties (Gupta, Mishra, &

Ganju, 2017). However, due to poor aqueous solubility, the clinical

application of andrographolide has been largely limited. XYP is pre-

pared from andrographolide through sulfonation reaction to obtain

water-soluble andrographolide sulfonate (sodium 9-dehydro-

17-hydro-andrographolide-19-yl sulfate) (Chong et al., 2013; Zheng,

Shao, Chen, & Luo, 2016), which largely improves the water solubility

and bioavailability of andrographolide. In vitro study revealed that the

andrographolide sulphonate in XYP shows a similar antiinflammation

effect to andrographolide in inhibiting the overproduction of inflam-

matory cytokines, such as nitric oxide (NO) and tumor necrosis factor-

α (TNF-α), in lipopolysaccharide (LPS)-treated mononuclear macro-

phage (Yang et al., 2019). In animals, andrographolide sulphonate has

been reported to promote inflammation resolution by improving the

phagocytic function of peripheral blood neutrophils (Xiong

et al., 2015). There is also evidence showing that XYP treatment

reduces the mortality of mice infected with lethal Enterovirus 71 by

inhibiting the apoptosis of T lymphocytes and suppressing the cyto-

kines production of neutrophils (M. Li et al., 2018). Moreover, XYP

has also been found to decrease the expression of proinflammatory

TNF-α, interleukin-1β (IL-1β), interleukin-6 (IL-6) and inducible nitric

oxide synthase (iNOS), and attenuate liver and lung damage through

inhibiting p38 mitogen-activated protein kinase (MAPK), STAT3 and

nuclear factor kappa B (NF-κB) pathways, which dramatically improve

the survival of mice with LPS-induced sepsis (Guo et al., 2012). Of

note, recent molecular docking analysis identified andrographolide

with potential antiviral activity against SARS-CoV-2 via binding the

main protease of the virus, making XYP a promising medicine for

COVID-19 treatment (Enmozhi, Raja, Sebastine, & Joseph, 2020). In

the present study, we performed a multicenter, open-labeland ran-

domized controlled trial to further evaluate the effectiveness of XYP

injection in patients with mild to moderate COVID-19, which

accounts for up to 80% of COVID-19 patients.

2 | MATERIALS AND METHODS

2.1 | Trial design

This was a multicenter, prospective, open-label and randomized con-

trolled trial performed at five sites in Jiangxi Province, China, including

the Second Affiliated Hospital of Nanchang University, the Fifth

People's Hospital of Ganzhou, Ji'an Central People's Hospital,

Fengcheng People's Hospital and the Ninth Hospital of Nanchang.

The study was approved by the institutional review board or ethics

committee at each participating site, and was conducted in accor-

dance with the principles and standards of the Declaration of Helsinki

and Good Clinical Practice guidelines of the International Conference

on Harmonisation. The study is registered with ClinicalTrials.gov

(identifier number: NCT04295551). Written informed consent was

obtained from all the patients.

2.2 | Inclusion criteria

Eligible participants were hospitalized adult patients with laboratory-

confirmed COVID-19, who were: (1) at least 18 years of age; (2) with

SARS-CoV-2 infection confirmed by RT-PCR in respiratory or blood

specimens; (3) with fever, respiratory symptoms or imaging features

of pneumonia and (4) meeting the criteria for mild to moderate

COVID-19 according to the Diagnosis and Treatment Protocol of

Novel Coronavirus Pneumonia (Table 1) (“Diagnosis and Treatment

Protocol for Novel Coronavirus Pneumonia (Trial Version 7),”
Wei, 2020). The participation in the study is completely voluntary. All

the participants were free to discontinue the participation at any time

of the study.

2.3 | Exclusion criteria

Patients with one of the following conditions were not enrolled:

(1) diagnosed with severe or critical COVID-19 pneumonia; (2) had

severe primary diseases affecting survival or study outcome

(e.g., uncontrolled malignant tumors, hematological diseases and

TABLE 1 Clinical classification of COVID-19

Classification Criteria

Mild Mild clinical symptoms; no sign of pneumonia on

imaging

Moderate Fever and respiratory symptoms with radiological

findings of pneumonia

Severe 1. Respiratory distress (≥30 breaths/min)

2. Oxygen saturation ≤93% at rest

3. PaO2/FiO2 ≤ 300 mmHg. In high-altitude areas

(>1,000 m), PaO2/FiO2 shall be corrected as:

PaO2/FiO2 � [atmospheric pressure

(mmHg)/760]

Cases with chest imaging that shows obvious lesion

progression within 24–48 hr >50% shall be

managed as severe cases.

Critical 1. Respiratory failure and requiring mechanical

ventilation

2. Shock

3. With other organ failure that requires ICU care

Abbreviations: FiO2, fractional inspired oxygen; ICU, intensive care unit;

PaO2, arterial oxygen partial pressure.
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human immunodeficiency virus infection); (3) had obstructive pneu-

monia, pulmonary interstitial fibrosis, alveolar proteinosis and allergic

alveolitis caused by lung tumors; (4) were pregnant or breast-feeding;

(5) were known to be allergic to the ingredients contained in the

research medication, or patients with allergies; (6) were using immu-

nosuppressive agents or had organ transplants in the past 6 months;

(7) participated in other drug clinical trials within 3 months before the

screening test; and (8) were not able to complete or should not partic-

ipate in the study as judged by the investigators (e.g., expected death

within 48 hr, unwillingness to take active treatment).

2.4 | Investigational product

The investigational product, XYP injection, is a proprietary Chinese

medicine (Jiangxi Qingfeng Pharmaceutical Co. Ltd) prepared from

herbaceous plant A. paniculate. The bioactive ingredient,

andrographolide, was extracted from the aerial part of A. paniculate

using ethanol, and was then sulfonated through sulfonation reaction

to generate XYP preparation. The concentration of andrographolide

sulfonation product in XYP injection is 25 mg/ml.

2.5 | Sample size calculation

As little information is available regarding clinical outcomes of

COVID-19 patients at the time of study initiation, we assumed that

the average time to clinical symptom resolution was 9 days for the

treatment group and was 14 days for the control group, which led to

an estimated sample size of 58 patients per group to provide greater

than 90% power at a two-sided type I error of 1%. We also assumed

an estimated difference of 35% in the 14-day recovery rate between

the treatment group (85%) and control group (50%), and the necessary

sample size was calculated to be 51 patients per group to detect such

a difference with 90% power (α = 1%). By considering both the time

to clinical recovery and the recovery rate, we thus proposed to enroll

at least 60 patients per group allowing for a 15% dropout rate.

2.6 | Randomization and blinding

Eligible patients were consequently by study investigators enrolled at

each participating site until the number of participants allocated to

the site was reached. Randomization was performed using block ran-

domization with no stratification (block sizes: 2 and 4). Each patient

was assigned to a serial number and was randomly assigned in 1:1

ratio to either the control group or treatment group using a computer-

generated block randomization sequence. The statistician who gener-

ated the randomization sequence was not involved in patient enroll-

ment and patient care and was blind to the treatment allocation. The

study investigators were masked to the block sizes and were not

aware of treatment assignment until the enrollment of a patient was

completed. Moreover, the clinicians performing vital signs, laboratory

testing and outcome measurements were also blinded to treatment

allocation.

2.7 | Interventions

Patients in the control group received standard symptomatic treat-

ments as necessary in accordance with the Diagnosis and Treatment

Protocol of Novel Coronavirus Pneumonia (5th edition), which

included supplemental oxygen therapy, antiviral medicines, antibiotic

agents and immune modulators. Patients in the treatment group

received XYP injection combined with standard care. XYP was given

at a weight-based dose of 10 mg/kg once per day, with a maximum

daily dosage not to exceed 500 mg. The drug was diluted in 5% glu-

cose injection or 0.9% sodium chloride injection at the concentration

of 1 mg/ml and was delivered intravenously at the rate of 30–40

drops per minute. The course of treatment lasted for 7–14 consecu-

tive days. During the treatment process, if the patients had all clinical

symptoms relieved and met the discharge criteria, the treatment can

be stopped after medical consultation. If the patients' clinical symp-

toms were improved but not fully resolved after 14 days of treatment,

investigating physicians determined whether to continue the treat-

ment plan or not. Traditional Chinese medicines (e.g., Qingkailing,

Tanreqing, Xuebijing and Reduning) with the same detoxifying and cir-

culation promoting functions as XYP were not used for both study

groups. There was no co-intervention in the present study. All the par-

ticipants were followed for 28 days. Compliance with treatments was

evaluated daily by study coordinators. Compliance rate was deter-

mined as the percentage of the prescribed doses of the treatment

actually taken by the patients over the study period. Laboratory test-

ing, clinical outcome, vital signs, SARS-CoV-2 tests and chest com-

puted tomography imaging were assessed at baseline after

randomization and on day 3, 7, 14 and 28.

2.8 | Adverse events assessment

All the study participants were closely monitored for adverse events

throughout the treatment process. Patients receiving XYP injection

were observed by a trial staff for at least 30 minutes after the comple-

tion of each injection, as most of the adverse reactions occur within

30 minutes after administration (Wang & Xie, 2012). All the adverse

events were reported regarding the manifestation, time of onset,

duration and severity. The association of an adverse event with study

medication was evaluated by investigating physicians. The treatment

was discontinued if a severe adverse reaction occurred and was

judged to be related to study medicine.

2.9 | Outcome measurements

All the measurements were performed following the Diagnosis and

Treatment Protocol of Novel Coronavirus Pneumonia. Fever was
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evaluated by measuring the underarm temperature using a medical

thermometer. Fever resolution was defined as the underarm tempera-

ture lower than 37.3�C for at least 72 hr without the use of fever-

reducing medicine. The intensity and frequency of cough were self-

reported by the patients and was documented by study coordinators.

Patients with no cough for over 24 hr were considered to have cough

relief. SARS-CoV-2 infection was assessed by standard RT-PCR. Virus

clearance was defined as two consecutive negative SARS-CoV-2

nuclei acid tests performed more than 24 hr apart. The clinical symp-

toms of COVID-19 were classified as mild, moderate, severe and criti-

cal in accordance with the Diagnosis and Treatment Protocol of Novel

Coronavirus Pneumonia (Table 1). Patients with symptoms that prog-

ressed to severe or critical stage were determined to experience clini-

cal deterioration.

2.10 | Study endpoints

The primary endpoint was the time from the start of study medicine

to complete symptom resolution, including fever resolution and cough

recovery. Secondary endpoints comprised four measures, including

the time to fever resolution, time to cough recovery, time to virus

clearance, and the rate of patients with clinical deterioration.

2.11 | Statistical analysis

Statistical analysis was performed using SAS software version 9.4.

Continuous variables were expressed as mean ± SD and were com-

pared between study groups using Wilcoxon rank-sum test. Categori-

cal variables were presented as numbers and percentages and were

compared between study groups using the chi-square test. The time

to endpoints analyses was performed using Kaplan–Meier method

with the log-rank test to evaluate statistical significance. The hazard

ratios (HRs) and 95% confidence intervals (CIs) were estimated with

Cox proportional hazard model. Covariate adjustments were per-

formed by including age, trial site and baseline fever. For the analysis

of time to complete fever resolution, only age and trial site were con-

sidered when doing the adjustment. Analyses were done in the

intention-to-treat population comprising all randomized patients.

The most recent assessment was used for missing values from drop-

out participants (Last Observation Carried Forward method). Two-

tailed p values less than .05 were considered statistically significant.

3 | RESULTS

3.1 | Trial patients and baseline characteristics

From January 27, 2020 to February 20, 2020, 232 patients were

assessed for eligibility and 130 eligible patients with mild to moder-

ated COVID-19 pneumonia were recruited into the study and were

randomly assigned to receive XYP injection combined with standard

care (n = 65, treatment group) or standard supportive care alone

(n = 65, control group). No patients dropped out of the study. All the

participants completed the study with 100% compliance to their

assigned treatment and were included in the final analysis (Figure 1).

The study population had a mean age of 46.28 years (SD, 13.93)

and sex distribution was 60 men (46.2%) versus 70 women (53.8%).

All the patients had positive tests for SARS-CoV-2. Eighty five

patients (65.4%) had a recent travel to Wuhan city and 17 patients

(13.1%) had close contact with confirmed COVID-19 cases. The aver-

age time from symptom onset to randomization was 8.34 days (SD,

8.74). 88.2% of patients (n = 112) showed abnormal chest imaging

findings consistent with COVID-19 pneumonia. Cough and fever were

the common symptoms occurring in 70 (53.8%) and 47 (36.2%)

patients, respectively. Forty-six patients (35.4%) had pre-existing con-

ditions with hypertension as the most common comorbidity reported

by 21 patients (16.2%).

The baseline characteristics were generally balanced between the

treatment and control groups (Table 2). No significant difference was

observed for most of the demographic and clinical features, such as

age, sex, exposure history, comorbidities, lung lesions on chest imag-

ing and baseline cough, except that the treatment group showed a

higher rate of baseline fever (47.7% vs. 24.6%, p = .006) and higher

creatinine level (78.09 ± 21.65 μmol/L vs. 69.90 ± 15.64 μmol/L,

p = .03) (Table 2).

3.2 | Study endpoints

For the primary endpoint, the meantime to complete resolution of

both fever and cough was 8.33 days (SD, 4.87) for the treatment

group, which was significantly shorter than the 11.86 days (SD, 6.93)

for the control group (HR: 1.84, 95% CI: 1.19–2.83, p = .006)

(Figure 2, Table 3). Similar result was observed after adjusting for

three baseline variables (age, trial site and fever at baseline) (HR: 1.93,

95% CI: 1.18–3.15, p = .008), suggesting XYP injection is effective in

promoting the recovery from COVID-19.

Secondary endpoints comprise time to cough relief, time to fever

resolution, time to viral clearance and the incidence of clinical deterio-

ration. XYP treatment significantly reduced the time to cough relief

(6.89 days [SD, 4.33] vs. 12.25 days [SD, 6.85], HR: 2.30, 95% CI:

1.41–3.75, p = .001) (Figure 3a, Table 3). A better fever resolution

was also observed for patients receiving XYP injection with a trend

towards statistical significance (3.33 days [SD, 2.76] vs. 4.60 days [SD,

3.55], HR: 1.61, 95% CI: 0.94–2.75, p = .084) (Figure 3b, Table 3).

Moreover, compared to the control group, the treatment group had a

significantly shorter time to achieve negative SARS-CoV-2 RNA tests

(7.97 days [SD, 4.08] vs. 12.23 days [SD, 5.77], HR: 2.19, 95% CI:

1.51–3.16, p < .001) (Figure 3b, Table 3). All these results remained

robust after covariate adjustment (time to cough relief: HR: 2.56, 95%

CI: 1.48–4.44, p = .001; time to fever resolution: HR: 1.67, 95% CI:

0.95–2.92, p = .075; time to virus clearance: HR: 2.15, 95% CI: 1.46–

3.17, p < .001) (Table 3). Of note, six patients (9.2%) in the control

group developed severe symptoms during the study, while no patients

4404 ZHANG ET AL.



in the XYP treatment group showed disease progression, suggesting

the potential of XYP in preventing COVID-19 deterioration (RR: 1.10,

95% CI: 1.02–1.19, p = .014) (Figure 3d, Table 3).

3.3 | Adverse events

Adverse events were reported by 55 patients (84.6%) in the treatment

group and in 53 patients (81.5%) in the control group. Most of the

adverse events were abnormal laboratory findings (83 patients

[63.8%]), such as lymphocytopenia (24 patients [18.5%]), neutrophilia

(22 patients [16.9%]), increased C-reactive protein level (14 patients

[10.8%]) and increased alanine aminotransferase level

(14 patients [10.8%]). Other common adverse events included chest

pain (26 patients [20.0%]), diarrhea (25 patients [19.2%]), nausea

(19 patients [14.6%]) and fatigue (10 patients [7.7%]). None of the

adverse events were related to the study treatment. The incidence of

adverse events showed no dramatic difference between the treat-

ment group and the control group (Table 4). Most of the adverse

events were mild and self-limiting. No serious events were reported

for both study groups and no patient died during the study. A compre-

hensive list of all adverse events can be found in Table S2.

4 | DISCUSSION

COVID-19 pneumonia is caused by the infection of SARS-CoV-2. It

not only causes various respiratory symptoms but also induces a

strong cytokine storm, leading to systemic inflammatory response and

multiple organ failure. XYP is a Chinese herbal medicine with

antiinflammatory and antiviral effects and is widely used in the clinic

for respiratory infection and pneumonia. It has been reported that

XYP injection improves the clinical outcome and reduces the inci-

dence of adverse events in patients with Mycoplasma pneumoniae

pneumonia (Q. Li et al., 2019). It is also superior to the conventional

antibiotic and antiviral treatment for community-acquired pneumonia

(Shi et al., 2019). Notably, XYP is also generally safe treatment with a

rare incidence of adverse events, of which, most can be successfully

resolved if managed appropriately (Wang & Xie, 2012). All these prior

studies suggested the feasibility of XYP for treating COVID-19

pneumonia.

Here, in this multicenter randomized open-label trial involving

adult patients hospitalized with mild to moderated COVID-19, we

provided up to now the first clinical evidence that XYP injection is a

safe treatment and is effective in enhancing disease recovery. Specifi-

cally, compared to standard supportive therapy, treatment with XYP

was associated with accelerated symptom resolution (e.g., fever and

cough) and rapid SARS-CoV-2 clearance. The progression of COVID-

19 pneumonia can also be delayed or prevented by XYP injection.

Moreover, as no serious side effects or complications were reported,

XYP showed a favorable safety profile in COVID-19 patients. All these

findings support XYP injection as a promising treatment for

COVID-19.

While western medicine is the mainstay of clinical treatment, the

value of traditional Chinese medicine is growingly acknowledged.

Some traditional Chinese medicines, such as acupuncture, Tai Chi,

have been successfully used in western countries to treat diseases

and improve health. Since the outbreak of COVID-19, many efforts
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F IGURE 1 Study flow chart of patients in enrollment, allocation, follow-up and analysis
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have been placed to repurposing traditional Chinese medicine, partic-

ularly those with antiviral and antiinflammatory properties, for

COVID-19 treatment alone or in combination with western medicines

(Huang, Bai, He, Xie, & Zhou, 2020; Zhang et al., 2021; Zhuang

et al., 2020). And some of them, such as Lianhuaqingwen capsules,

have shown clinical benefits in improving COVID-19 symptoms and

promoting patient recovery (Hu et al., 2021). Here, our clinical trial

provided additional evidence that XYP is also an efficacious Chinese

medicine for COVID-19 treatment, offering more therapeutic options

for COVID-19 patients.

The active component of XYP, andrographolide sulfonate, is the

water-soluble form of andrographolide, which has been characterized

with antiviral property against a wide range of virus, such as influenza

A virus (IAV), hepatitis C virus (HCV), herpes simplex virus (HSV),

Epstein–Barr virus (EBV) and human immunodeficiency virus (HIV)

(Gupta et al., 2017). It has been increasingly recognized that

TABLE 2 Baseline characteristics

Characteristics Treatment (n = 65) Control (n = 65) p-valuea

Age (years) 44.31 ± 13.45 48.25 ± 14.22 .07

Male sex, n (%) 32 (49.2) 28 (43.1) .48

Exposure

Recent travel to Wuhan city, n (%) 46 (70.8) 39 (60.0) .20

Close contact with confirmed cases, n (%) 6 (9.2) 11 (16.9) .19

Time from symptom onset to randomization (days) 7.25 ± 7.36 9.43 ± 9.87 .68

Lung lesions on chest imaging, n (%) 57 (87.7) 55/62 (88.7) .86

Body temperature (�C) 37.17 ± 0.62 36.96 ± 0.58 .12

Respiratory rate (breaths/min) 19.98 ± 1.18 20.31 ± 1.58 .18

Heart rate (beats/min) 86.02 ± 10.68 86.08 ± 11.86 .53

Oxygen saturation (%) 94.87 ± 10.93 95.92 ± 3.02 .54

Comorbidities, n (%) 21 (32.3) 25 (38.5) .46

Hypertension 10 (15.4) 11 (16.9) .81

Diabetes 4 (6.2) 6 (9.2) .74

Hyperlipidemia 1 (1.5) 1 (1.5) 1.00

Others 9 (13.8) 12 (18.5) .47

Symptoms and signs

Cough, n (%) 39 (60.0) 31 (47.7) .16

Fever, n (%) 31 (47.7) 16 (24.6) .006

Anorexia, n (%) 11 (16.9) 7 (10.8) .31

Chest pain, n (%) 2 (3.1) 6 (9.2) .27

Diarrhea, n (%) 6 (9.2) 2 (3.1) .27

Fatigue, n (%) 4 (6.2) 3 (4.6) 1.00

Sore throat, n (%) 2 (3.1) 1 (1.5) 1.00

Joint pain, n (%) 1 (1.5) 1 (1.5) 1.00

Headache, n (%) 2 (3.1) 0 (0) .48

Vomiting, n (%) 1 (1.5) 0 (0) 1.00

Laboratory findings

White blood cell count (�109/L) 5.13 ± 1.61 5.64 ± 1.84 .18

Lymphocytes (%) 28.94 ± 10.10 26.21 ± 9.07 .12

Alanine aminotransferase (U/L) 27.92 ± 17.72 31.92 ± 20.04 .32

Creatine kinase (U/L) 84.13 ± 78.51 89.73 ± 86.63 .73

C-reactive protein (mg/L) 12.15 ± 18.09 15.58 ± 25.76 .69

Procalcitonin (ng/ml) 0.05 ± 0.03 0.06 ± 0.03 .61

Lactate dehydrogenase (U/L) 224.64 ± 81.31 209.83 ± 79.77 .16

Creatinine (μmol/L) 78.09 ± 21.65 69.90 ± 15.64 .03

aContinuous variables were compared between study groups using the Wilcoxon rank-sum test; categorical variables were compared between study

groups using the chi-square test; continuity correction was performed for categorical variables with at least one expected cell count less than 5.
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andrographolide exerts antiviral function by acting at each stage of

the viral life cycle. Andrographolide demonstrates a high affinity to

hemagglutinin and neuraminidase expressed on the surface of IAV,

which thus prevents the binding of IAV to the target cell and the

release of new viral particles to the extracellular region (Raja,

Prabahar, Selvakumar, & Raja, 2014). Andrographolide and its deriva-

tives can also block the attachment and penetration of HIV and HSV

(Chang et al., 1991; Seubsasana, Pientong, Ekalaksananan,

Thongchai, & Aromdee, 2011). In addition, there is evidence showing

that andrographolide suppresses EBV genome replication by reducing

the expression of two transcription factors (Rta and Zta) involved in

the immediate early stage of the EBV lytic cycle (Lin, Chen, Duh,

Chang, & Liu, 2008). Moreover, andrographolide can also inhibit the

function of important viral proteins. It has been reported that

andrographolide is able to deactivate HCV NS3/4A protease, a multi-

functional protein essential for RNA replication and signal transduc-

tion (Chandramohan, Kaphle, Chekuri, Gangarudraiah, & Bychapur

Siddaiah, 2015). The expression of the HIV capsid component, p24

antigen, can also be decreased by andrographolide treatment (Reddy

et al., 2005). More importantly, andrographolide has recently been

characterized with high binding affinity to the main protease of SARS-

CoV-2, a protein with a crucial role in coronaviral gene expression and

replication, implying that the therapeutic role of XYP in treating

COVID-19 may involve deactivating SARS-CoV-2 main protease

(Enmozhi et al., 2020).

In addition to directly interfering with the viral life cycle,

andrographolide also defenses against viral infection through modu-

lating the host immune response. Andrographolide is capable of acti-

vating cytotoxic T lymphocytes, augmenting natural killer cell-

mediated cytotoxicity and promoting the phagocytosis activity of

macrophage, which may subsequently recognize and kill virus-infected

host cells or release antiviral cytokines to inhibit viral replication

(Peng, Zhou, Ding, Li, & Yao, 2002; Sheeja & Kuttan, 2007a, 2007b).

Consistent with this, XYP treatment resulted in accelerated virus

clearance in COVID-19 patients, and the related clinical symptoms

were also resolved rapidly.

Apart from the antiviral function, andrographolide is also known

for its strong antiinflammatory activity. Both in vitro and in vivo stud-

ies reveal that andrographolide treatment suppresses the production

of pro-inflammatory cytokines, deactivating MAPK signaling pathway

and the downstream transcription factors NF-κB (Y. Li et al., 2017).

This is crucial in the setting of COVID-19 infection because the

inflammatory cytokine storm is considered as the major cause of dis-

ease progression and mortality. As the hyperinflammatory syndrome

is usually observed in severely and critically ill COVID-19 patients, our

current patient cohort, which comprises mild to moderate cases only,

may not have enough power to evaluate the antiinflammatory effect

of XYP. However, compared to standard treatment, XYP injection

prevented the progression of COVID-19 to severe conditions. More-

over, a lower level of C-reactive protein, a marker of acute inflamma-

tion, was observed throughout the study for XYP-treated patients
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F IGURE 2 Primary study endpoint. The cumulative rate of
patients with complete symptom resolution (both fever and cough
resolution) in the treatment group (red line) and control group (blue
line). Time to complete symptom resolution was compared between
study groups using Kaplan–Meier method with the log-rank test. Cox
proportional hazard model was used to estimate hazard ratios
(HR) and 95% confidence intervals (CI) [Colour figure can be viewed

at wileyonlinelibrary.com]

TABLE 3 Study endpoints

Unadjusted Adjusted

Outcomes Treatment group Control group HR (95% CI)a p-value HR (95% CI) p-value

Primary endpoint

Time to complete symptom resolution (days) 8.33 ± 4.87 11.86 ± 6.93 1.84 (1.19–2.83) .006 1.93 (1.18–3.15) .008

Secondary endpoints

Time to fever resolution (days) 3.33 ± 2.76 4.60 ± 3.55 1.61 (0.94–2.75) .084 1.67 (0.95–2.92) .075

Time to cough relief (days) 6.89 ± 4.33 12.25 ± 6.85 2.30 (1.41–3.75) .001 2.56 (1.48–4.44) .001

Time to virus clearance (days) 7.97 ± 4.08 12.23 ± 5.77 2.19 (1.51–3.16) <.001 2.15 (1.46–3.17) <.001

Clinical deterioration, n (%) 0 (0) 6 (9.2) 1.10 (1.02–1.19) .014

Severe stage 0 (0) 6 (9.2)

Critical stage 0 (0) 0 (0)

aRelative risk (RR) and 95% CI are provided for Clinical deterioration
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TABLE 4 Adverse events
Adverse events Treatment (n = 65) Control (n = 65) p-valuea

Laboratory findings, n (%) 45 (69.2) 38 (58.5) .20

Lymphocytopenia 13 (20) 11 (16.9) .65

Neutrophilia 14 (21.5) 8 (12.3) .16

Increased C-reactive protein 5 (7.7) 9 (13.8) .26

Increased alanine aminotransferase 7 (10.8) 7 (10.8) 1.00

Hyperbilirubinaemia 9 (13.8) 5 (7.7) .26

Decreased blood creatine kinase 8 (12.3) 3 (4.6) .21

Increased lactate dehydrogenase 5 (7.7) 6 (9.2) .75

Decreased white blood cell count 5 (7.7) 5 (7.7) 1.00

Chest pain, n (%) 15 (23.1) 11 (16.9) .38

Diarrhea, n (%) 10 (15.4) 15 (23.1) .27

Nausea, n (%) 11 (16.9) 8 (12.3) .46

Fatigue, n (%) 6 (9.2) 4 (6.2) .74

Abdominal discomfort, n (%) 3 (4.6) 5 (7.7) .72

Shortness of breath, n (%) 4 (6.2) 4 (6.2) 1.00

Dizziness, n (%) 4 (6.2) 3 (4.6) 1.00

aComparison was performed between study groups using the chi-square test; continuity correction was

performed for variables with at least one expected cell count less than 5.
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despite the lack of statistical significance (Figure S1). All these results

supported an effect of XYP in neutralizing COVID-19-induced

inflammation.

4.1 | Limitations and weakness

There were several limitations in the present study. First, as this is

an open-label study, some subjective elements might be introduced.

To reduce bias, statistician performing randomization was masked

to treatment allocation and were not involved in patient care; the

treatment assignment was not disclosed to study investigators until

the enrollment process for a patient was completed; the clinicians

assessing patients' symptoms were blinded to the study, and the

SARS-CoV-2 tests were also performed by a clinician not aware of

treatment allocation. Second, while many efforts were placed to

reduce selection bias, we still saw an imbalance in some baseline

characteristics, including baseline fever and creatinine level

(Table 2). The higher baseline fever rate in the treatment group may

lead to an underestimation of XYP and resulted in an unsignificant

outcome regarding the fever resolution, therefore the efficacy of

XYP maybe even more sound. Moreover, although the values in

both study groups were within normal range, XYP treatment group

also showed higher creatinine levels at baseline. As kidney damage

has been seen in COVID-19 patients who have no underlying kidney

problems before SARS-CoV-2 infection, future studies are

warranted to explore the potential influence of creatinine level or

kidney function on COVID-19 patient recovery as well as the possi-

ble interaction between creatinine and XYP treatment. Third, the

sample size of the study is small, which may, for example, limit the

power for detecting the difference of fever resolution between

study groups. Finally, the present study comprised only patients

with mild to moderate COVID-19. The safety and effectiveness of

XYP on severe and critical COVID-19 patients require further

investigation.

5 | CONCLUSIONS

In summary, XYP injection is a safe and effective treatment in resolv-

ing the clinical symptoms and improving the recovery in patients with

mild to moderate COVID-19 patients. Further double-blinded

placebo-controlled clinical trials are needed to evaluate the efficacy of

XYP in more COVID-19 patients at different disease stages.
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