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ARTICLE INFO ABSTRACT
Keywords: Background: Treatments for coronavirus disease 2019 (COVID-19) are limited by suboptimal efficacy.
Chinese herbal medicine Methods: From January 30, 2020 to March 23, 2020, we conducted a non-randomised controlled trial, in which

Lopinavir-Ritonavir
Coronavirus disease 2019
Non-randomized controlled trial

all adult patients with laboratory-confirmed COVID-19 were assigned to three groups non-randomly and given
supportive treatments: Group A, Lopinavir-Ritonavir; Group B, Huashi Baidu Formula (a Chinese medi-
cineformula made by the China Academy of Chinese Medical Sciences to treat COVID-19, which is now in the
clinical trial period) and Lopinavir-Ritonavir; and Group C, Huashi Baidu Formula. The use of antibiotics, an-
tiviruses, and corticosteroids was permitted in Group A and B. Traditional Chinese medicine injections were
permitted in Group C. The primary outcomes were clinical remission time (interval from admission to the first
time the patient tested negatively for novel coronavirus or an obvious improvement was observed from chest CT)
and clinical remission rate (number of patients whose clinical time was within 16 days/total number of patients).
Results: A total of 60 adult patients with COVID-19 were enrolled at sites in Wuhan, China, and the sample size of
each group was 20. In Groups A, B and C, the clinical remission rates were 95.0%%(19/20), 100.0%%(20/20)
and 100.0%%(20/20), respectively. Compared with Groups A and B, the clinical remission time of Group C was
significantly shorter (5.9 days vs. 10.8 days, p < 0.05; 5.9 days vs. 9.7 days, p < 0.05). There was no significant
difference among Groups A, B, and C in terms of the time taken to be released from quarantine. The clinical
biochemical indicators and safety indexes showed no significant differences among the three groups.
Conclusions: Our findings suggest that Lopinavir-Ritonavir has some efficacy in the treatment of COVID-19, and
the Huashi Baidu Formula might enhance this effect to an extent. In addition, superiority was displayed in the
treatment of COVID-19 through a combination of the Huashi Baidu Formula and traditional Chinese medicine
injection. In future, well-designed prospective double-blinded randomised control trials are required to confirm
our findings.
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Background

In late December 2019, a cluster of acute respiratory illnesses, now
known as novel coronavirus pneumonia (NCP), occurred in Wuhan,
Hubei Province, China (Hongzhou et al., 2020). The NCP rapidly spread
worldwide, posing a severe threats to international public health (Hui
et al., 2020, Munster et al., 2020). Subsequebtly, the World Health Or-
ganization (WHO) declared a Public Health Emergency of International
Concern over the global outbreak of coronavirus disease 2019
(COVID-19) in January 31, 2020. Some COVID-19 infections can be
severe, particularly in older adults with underlying medical conditions
(Chen et al., 2020, Huang et al., 2020). The disease onset may result in
progressive respiratory failure due to alveolar damage, and even death.
China is currently directly affected by the COVID-19 pandemic. It is
believed that vaccines and medicines can be developed to control and
prevent this disease. However, the development of vaccines is usually
hysteretic and currently there are no clinically confirmed specific anti-
viral treatments for COVID-19. Treatments used at present are generally
supportive. Therefore, it is necessary to urgently conduct clinical trials
of medicines to identify suitable treatments for COVID-19. Previous
studies have indicated thatthe combination of lopinavir and ritonavir
may be beneficial for patients infected with SARS-CoV and MERS-CoV
(Chu et al., 2004, Arabi et al., 2018). However, corticosteroids have
not been found to reduce the mortality of SARS-CoV and MERS-CoV
infection based on the WHO interim guidance (Arabi et al., 2018).

Chinese herbal medicine (CHM) has been used to control infectious
diseases for thousands of years, and previous studies suggest that
combining Chinese with Western medicine is useful in the treatment of
SARS caused by coronavirus infection (Chen and Nakamura, 2004, Jia
and Gao, 2003). CHM is a potentially effective method for controlling
the newly emerged NCP. From the perspective of CHM, COVID-19 be-
longs to the category of ‘epidemic disease’, and the total pathogenesis
can be summarised as dampness, poison, blood stasis and deficiency
(Qing et al., 2020). CHM treatment focuses on mobilising the body’s
own disease resistance, and has unique advantages in improving clinical
symptoms, reducing complications, and improving quality of life. A
variety of Chinese medicine treatment compounds are recommended in
the Chinese 6" edition guidelines. It is highly feasible to identify and
develop active components against novel coronaviruses from these
compounds.

In this study, we conducted a non-randomized controlled trial
(NRCT) at Jinyintan Hospital in Wuhan. We aimed to evaluate the ef-
ficacy and safety of CHM and Lopinavir-Ritonavir treatment in adult
patients with COVID-19.

Methods
Study design and setting

A prospective, single-center, NRCT design was conducted from
January 30 to March 23, 2020 at Jingyintan Hospital in Wuhan, Hubei
province, China. All treatments were generally conducted, and baseline
symptoms of patients with COVID-19 were assessed, within 24 h of
enrolling. When the respiratory symptoms obviously improved and two
consecutive novel coronavirus nucleic acid tests showed negative results
(the interval between sampling was a minimum of one day), patients
were discharged from quarantine.

The patients were non-randomly divided into three treatment groups
with the patients’ informed consent: (1) Group A: Lopinavir-Ritonavir, n
= 20; (2) Group B: Huashi Baidu Formula (a Chinese medicine formula
made by the China Academy of Chinese Medical Sciences to treat
COVID-19, which is now in the clinical trial periodformula) and
Lopinavir-Ritonavir, n = 20; and (3) Group C: Huashi Baidu Formula, n
= 20. The use of antibiotics, antiviruses, and corticosteroids was
permitted in Groups A and B. Traditional Chinese medicine injections
were permitted in Group C. The detailed treatments of the three groups
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were as follows: Lopinavir-Ritonavir (500 mg twice daily, orally), anti-
biotics (such as cefoperazone, 2 g twice daily, intravenous injection;
moxifloxacin hydrochloride tablets, 0.4 g once daily, orally), cortico-
steroids (such as methylprednisolone, 40 mg once daily, intravenous
injection; prednisone, 30 mg once daily, orally), antiviruses (such as
arbidol capsule, 0.2 g three times daily, orally), Huashi Baidu Formula
(137 g twice daily, orally), ShenMai injection (60 mL once daily,
intravenous injection), XiYanPing injection (100 mg twice daily, intra-
venous injection), and XueBiJing injection (100 ml twice daily, intra-
venous injection). All groups received supportive therapy, including
oxygen inhalation, symptomatic treatment and/or immunoglobulin
intravenous injection and/or serum albumin intravenous injection, and
treatment for basic diseases.

Patients

The test population was clinically diagnosed with COVID-19 in
accordance with the diagnostic criteria for the diagnosis and treatment
of NCP (trial edition 4) issued by the National Health Commission of the
People’s Republic of China and the National Administration of Tradi-
tional Chinese Medicine. Male and non-pregnant/non-lactating female
patients aged 18 to 85 years were eligible if they met the diagnostic
criteria for COVID-19 in the diagnosis and treatment of novel corona-
virus pneumonia (trial edition 4). Exclusion criteria included patients
infected with critically severe COVID-19, patients who were over 15
days of symptom onset or who had severe primary respiratory system
diseases, patients who have difficulty with oral and nasal feeding, pa-
tients with serous basic diseases, including malignant tumours, mental
illness, and other malignant diseases, patients who had continuously
used of immunosuppressants or received organ transplants within the
past six months, and those who had an allergic constitution or were
allergic to Huashi Baidu Formula. The withdrawal criteria included
patients who underwent severe adverse events and could not continue to
take medicines as primary groups during the observation period, those
whose condition worsened or resulted in death, and those who were
transferred to another hospital, left the present hospital, or received a
confirmed misdiagnosis. Written informed consent was obtained from
all participants.

Trial oversight

The trial was designed by the China Centre for Evidence-Based
Traditional Chinese Medicine and implemented in partnership with
Jinyintan Hospital in Wuhan.. All details regarding trial design, conduct,
and analyses can be found in the protocol (No. ChiCTR2000029400/
ChiMCTR2000002940).

Outcome measures

The primary outcomes were clinical remission time (interval from
admission to the first time the patient tested negatively for novel coro-
navirus or an obvious improvement was observed from chest CT) and
clinical remission rate (number of patients whose clinical time was
within 16 days/total number of patients).

The secondary outcomes were the time of release from quarantine
(interval from admission to discharge), the rate of release from quar-
antine (number of patients discharged within 16 days/ total number of
patients), and clinical biochemical indicators. Other outcomes were
safety indexes, such as liver function (ALT, AST), kidney function
(creatinine), and myocardial damage.

Statistical analysis
Continuous variables were described using mean + standard devia-

tion or median + interquartile range (IQR). In addition, the clinical
remission time and time of release from quarantine were portrayed by
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Kaplan-Meier plots and compared with the log-rank test. The count data
were expressed as the number of cases or percentages. Differences be-
tween groups were assessed using analysis of variance or Welch’s vari-
ance analysis for continuous variables and the Chi-square test or Fisher’s
exact test for categorical variables. Comparisons were made between
baselines and outcomes of groups using paired t-tests. SPSS Ver. 21.0
(IBM Corp, Armonk, NY, USA) was used for all statistical analyses. For
all comparisons, differences were tested with two-tailed tests, and p <
0.05 was considered statistically significant.

Results
General characteristics of patients with COVID-19

A total of 111 patients were evaluated for eligibility, and 44 patients
were excluded according to the inclusion and exclusion criteria. The
remaining 67 patients were assigned by non-randomized grouping, of
which 22 patients were assigned to Group A, 23 patients to Group B, and
22 patients to Group C. In Group A, one patient refused Lopinavir-
Ritonavir treatment, and one patient died in hospital, In Group B,
three patients refused Lopinavir-Ritonavir treatment, and in Group C,
two patients refused traditional Chinese medicine treatment (Fig. 1).

In the study, 66.7% (40/60) of patients were male and 33.3% (20/
60) were female. The median age of the patients was 54.5 years (IQR,
45.0 to 64.8 years). The most common chronic medical illnesses were
cardiovascular and cerebrovascular diseases, followed by endocrine
system disease. Group B had a lower proportion of males than the other
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two groups. Except for lactate dehydrogenase and creatine kinase, no
other major differences in age, chronic medical illness history, number
of patients with a fever, and physical and chemical indexes of the three
groups were observed at baseline (p > 0.05) (Table 1, Table 2).

Primary outcomes

Table 3 and Fig. 2 (A) show that the clinical remission rates of Group
A, B, and C were 95.0% (19/20), 100.0% (20/20), and 100.0% (20,/20),
respectively. The clinical remission time was 10.8 + 4.0 days in Group A,
9.7 + 3.7 days in Group B, and 5.9 + 4.7 days in Group C (Table 3).
According to the log-rank test, there was a significant difference among
the three groups (p = 0.013). Pairwise comparisons were conducted
using the LSD method, and statistical differences were identified be-
tween Group C and Group A as well as Group C and Group B (p < 0.05)
(Table 3), suggesting that the curative effect of the Huashi Baidu For-
mula was better than that of the other two treatments.

Secondary outcomes

The time and rate of release from quarantine

The time taken before release from quarantine was 16.7 + 6.6 days in
Group A, 15.0 + 6.6 days in Group B, and 14.5 + 7.9 days in Group C.
There were no statistical differences (p > 0.05) among the three groups
(Table 3). The rates of release from quarantine in Groups A, B, and C
were 60.0% (12/20), 75.0% (15/20), and 80.0% (16/20), respectively
(Fig. 2 (B)).

111 patients were
evaluated for eligibility

44 patients were excluded:

7 aged =85 years
14 patients' onset time >15 days

13 with critically severe COVID-19

4 patients' medical history met the exclusion
criteria

6 did not sign informed consents

67 underwent non-
randomization

Y

X

22 were assigned to Group A
(Lopmnavir - Ritonavir +
antibiotics/ antiviral /hormones)

23 were assigned to Group B
(Lopinavir - Ritonavir + Huashi
Baidu Formula +
antibiotics/antiviral’hormones)

22 were assigned to Group C
(Huashi Baidu Formula
+traditional Chinese medicine
njection)

2 were excluded:

1 patient refused Lopinavir -|
Ritonavir treatment

1 patient died in hospital

3 patients refused Lopinavir

2 were excluded:

3 were excluded: 2 patients refused

™ traditional Chinese

_ Ritonavir treatment medicine treatment

20 were included in Group A

20 were included in Group B

20 were included in Group C

Fig. 1. Flow program.
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Table 1
Demographics and baseline characteristics of 60 patients with COVID-2019
admitted to Jinyintan Hospital in Wuhan.
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Table 2
Comparison of clinical characteristics of patients with COVID-2019 at admission
and discharge.

Variables Group A GroupB  Group C  Total p-value Variables Group A Group B Group C Total p-
(n=20) (n=20) (n=20) (n=60) (n=20) (n=20) (n=20) (n=60) value
Age (n, %) Blood routine
Median (IQR) -year ~ 54.5 52.0 62.5 54.5 Leucocytes (x 10° 3 6 4 13 0.63*
(42.8- (38.3- (45.8- (45.0- /1) -abnormal (n, (15.0%) (30.0%) (20.0%) (21.7%)
67.0) 60.5) 67.5) 64.8) %)
< 40 4 5 1 (5.0%) 10 0.27* Recovery (n, %) 3 3 3 9
(20.0%) (25.0%) (16.7%) (100.0%) (50.0%) (75.0%) (69.2%)
40-65 11 13 13 37 Neutrophils (x 10° 6 4 (20.0) 3 13 0.63*
(55.0%) (65.0%) (65.0%) (61.7%) /1) -abnormal (n, (30.0%) (15.0%) (21.7%)
> 65 5 2 6 13 %)
(25.0%) (10.0%)  (30.0%)  (21.7%) Recovery (n, %) 3 2 2 7
Sex (n, %) (50.0%) (50.0%) (66.7%) (53.8%)
Male 18 7 15 40 0.00069 Lymphocytes (x 10° 13 12 6 31 0.057
(90.0%) (35.0%)  (75.0%)  (66.7%) /1) -abnormal (n,  (65.0%) (60.0%) (30.0%) (51.7%)
Female 2 13 5 20 %)
(10.0%) (65.0%) (25.0%) (33.3%) Recovery (n, %) 7 5 5 17
Chronic medical 11 9 15 35 0.15 (53.8%) (41.7%) (83.3%) (54.8%)
illness (n, %) (55.0%) (45.0%)  (75.0%)  (58.3%) Platelets (x 10%/1) 4 3 1(5.0%) 8 0.51%
Cardiovascular and 8 4 10 22 0.13 -abnormal (n, %) (20.0%) (15.0%) (13.3%)
cerebrovascular (40.0%) (20.0%) (50.0%) (36.7%) Recovery (n, %) 1 2 1 4
diseases (25.0%) (66.7%) (100.0%)  (50.0%)
Digestive system 2 1 (5.0%) 4 7 0.48* Haemoglobin (g/1) 1 (5.0%) 6 5 12 0.19*
disease (10.0%) (20.0%) (11.7%) -abnormal (n, %) (30.0%) (25.0%) (20.0%)
Endocrine system 1 (5.0%) 3 5 9 0.27* Recovery (n, %) 1 2 (33.3% 2 5
disease (15.0%)  (25.0%)  (15.0%) (100.0%) %) (40.0%) (41.7%)
Malignant tumor 1 (5.0%) 3 1 (5.0%) 5(8.3%)  0.60* Coagulation
(15.0%) function
Nervous system 0 (0.0%) 0(0.0%) 3 3 (5.0%) 0.10* Prothrombin time 4 3 4 11 1.0*
disease (15.0%) (s) -abnormal (n, (20.0%) (15.0%) (20.0%) (18.3%)
Respiratory system 0 (0.0%) 1 (5.0%) 4 5 (8.3%) 0.12* %)
disease (20.0%) Recovery (n, %) 1 0 (0.0%) 1 2
Other 3 1 (5.0%) 2 6 0.86* (25.0%) (25.0%) (18.2%)
(15.0%) (10.0%) (10.0%) Activated partial 4 2 3 9 0.90*
Fever (n, %) 8 7 3 18 0.19 thromboplastin (20.0%) (10.0%) (15.0%) (15.0%)
(40.0%) (35.0%) (15.0%) (30.0%) time (s)
K K i . . - -abnormal (n, %)
COVID-2019 = Corona Virus Disease 2019; Group A = Lopinavir-Ritonavir; Recovery (n, %) 2 9 3 7
Group B = Huashi Baidu Formula + Lopinavir-Ritonavir; Group C = Huashi (50.0%) (100.0%)  (100.0%)  (77.8%)
Baidu Formula; IQR ==interquartile range; * ==Fisher’s exact test D-dimer (ug/1) 8 5 8 21 0.52
-abnormal (n, %) (40.0%) (25.0%) (40.0%) (26.3%)
0, - - - - -
Comparative analysis of clinical characteristics of patients with COVID-19 Eirsg;ery (n, %)
The number and proportion of patients with improvements in biochemistry
biochemical indicators are described in Table 2. The recovery rate of Albumin (g/1) 19 17 17 53 0.68*
lactate dehydrogenase in Group B and C was 71.4% (5/7), while in -abnormal (n, %)  (95.0%) (85.0%) (85.0%) (88.3%)
Group A was 60.0% (9/15).The recovery rate of leukocytes in Group A Recovery (n, %) ?1 5.8%) ?17 %) ?17 6%) ?17 0%)
0, . . 0, 0, . () B (] . 0 B ()
was 100.0% (;3/3), while in Group B e.md C. was 50.0% (3/6) and 75.0% Alanine 11 6 1 28 0.19
(3/4) respectively. In terms of creatine kinase, the recovery rate was aminotransferase  (55.0%) (30.0%) (55.0%) (46.7%)
77.8% (7/9) in Group A, 57.1% (4/7) in Group B and 50.0% (3/6) in (U/1) -abnormal
Group C. In terms of lymphocytes and interleukin 6, the recovery rate in (@, %)
S : Recovery (n, %) 6 3 3 12
0/,0, 0, e
F}roup C (83.3%%(5/6) and 40.0% (4/10)) was significantly higher than (54.5%) (50.0%) (27.3%) (42.9%)
in Group A and B. Glutamic-oxalacetic 9 4 10 23 0.11
A paired t-test was used for comparisons before and after treatments, transaminase (U/  (45.0%) (20.0%) (50.0%) (38.3%)
and the results (Table 4) showed that there were significant differences 1) -abnormal (n,
in neutrophil, lymphocyte, albumin, glutamic-oxalacetic transaminase, R%) % 5 ) ) 0
P . . . ecovery (n, 7o
serurr} creatinine, creatln.e kinase, lactz.ite dehydrf)genase, agd C—reactufe (55.6%) (50.0%) (20.0%) (39.1%)
protein levels as well as in prothrombin, and activated partial thrombin Total bilirubin 3 1(5.0%) 2 6 0.86*
activity times both before and after treatment in Group A (p < 0.05). (umol/1) (15.0%) (10.0%) (10.0%)
Significant differences were observed in haemoglobin, albumin, total -abnormal (n, %)
0, 0, 0,
bilirubin, creatine kinase, lactate dehydrogenase, interleukin-6, and C- Recovery (n, %) ?6 6.7%) 0 (0.0%) 0(0.0%) ?3 3.5%)
. . -1, - 370,
reactive protein level as well as prothrombin and activated partial Carbamide (mmol/ 2 9 1(5.0%) 5 1.0*
thrombin activity times both before and after treatment in Group B (p < 1) -abnormal (n, (10.0%) (10.0%) (8.3%)
0.05). In Group C, significant differences were observed in neutrophil, %)
haemoglobin, albumin, glutamic-oxalacetic transaminase, creatine ki- Recovery (n, %) 2 1 1 4
lactate dehydrogen: interleukin-6, and C-reactive protein level (100.0%)  (50.0%) (100.0%)  (75.0%)
nase, lactate dehydrogenase, interleukin-6, a -reactive protein levels Serum creatinin ” 5 s 20 0.59
both before and after treatment (p < 0.05). (pmol/1) (35.0%) (25.0%) (40.0%) (33.3%)
-abnormal (n, %)
Recovery (n, %) 0 (0.0%)

(continued on next page)
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Table 2 (continued)

Variables Group A Group B Group C Total p-
(n=20) (n=20) (n=20) (n=60) value
1 2 3
(20.0%) (25.0%) (15.0%)
Creatine kinase (U/ 9 7 6 22 0.61
1) -abnormal (n, (45.0%) (35.0%) (30.0%) (36.7%)
%)
Recovery (n, %) 7 4 3 14
(77.8%) (57.1%) (50.0%) (63.6%)
Creatine 4 0 (0.0%) 0 (0.0%) 4 0.030*
phosphokinase (20.0%) (6.7%)
isoenzyme (U/1)
-abnormal (n, %)
Recovery (n, %) - - - - -
Lactate 15 7 7 29 0.014
dehydrogenase (75.0%) (35.0%) (35.0%) (48.3%)
(U/1) -abnormal
(n, %)
Recovery (n, %) 9 5 5 19
(60.0%) (71.4%) (71.4%) (65.5%)
Infection-related
biomarkers
Interleukin-6 (pg/ 13 13 10 36 0.54
ml) -abnormal (n,  (65.0%) (65.0%) (50.0%) (60.0%)
%)
Recovery (n, %) 1(7.7%) 1 (7.7%) 4 6
(40.0%) (16.7%)
C-reactive protein 16 15 13 44 0.55
(mg/1) -abnormal (80.0%) (75.0%) (65.0%) (73.3%)
(n, %)
Recovery (n, %) 6 5 6 17
(37.5%) (33.3%) (46.2%) (38.6%)
Table 3

Analysis of the clinical remission rate/time and rate/time of release from
quarantine.

Variables Group A Group B Group C p-
(n=20) (n=20) (n=20) value
Clinical remission time 10.8+ 4.0a 9.7+ 3.7a 5.9+ 4.7 0.0010
[day, (Mean, SD)]
Clinical rate (n/N, %) 19/20 20/20 20/20 -
(95.0%) (100.0%) (100.0%)
Time of release from 16.7 + 6.6 15.0 + 6.6 145+7.9 0.55
quarantine [day,
(Mean, SD)]
Rate of being released 12/20 15/20 16/20 -
from quarantine (n/N, (60.0%) (75.0%) (80.0%)

%)

a: there was difference between the group and Group C (p < 0.05)
Safety indexes

In this study, the safety indexes were biochemical indicators (normal
/ abnormal). There was no significant difference among the three groups
or within the groups in terms of the safety indexes at baseline (p > 0.05).
After different treatments, the proportion of patients with abnormal
creatinine in Group A increased significantly, while that in Group C
increased slightly and in Group B did not change, indicating that Group
B treatment was marginally safer in terms of renal function than those of
the other two groups. Besides, Glutamic-pyruvic and oxalacetic trans-
aminases could reflect liver function, and there was no statistical dif-
ference among the three groups (p > 0.05). The proportion of patients
with these two abnormal indicators in Group A and C decreased, while in
Group B increased. In addition, the proportion of patients with abnormal
creatine kinase in the three groups decreased, which suggested that the
three treatments exhibited no significant harm on cardiac function. In
total, the patients in the three groups suffered no obvious adverse events
(Table 5).
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Discussion

Current treatments and the potential value of TCM treatment for COVID-
19

To date, no targeted vaccine or specific drugs have been developed
for the prevention or treatment of NCP. Based on previous experiences
relating to the treatment of SARS, MERS, or other novel influenza vi-
ruses, Lopinavir/Ritonavir, Redesivir, nucleoside analogues, neur-
aminidase inhibitors, and Abidor have been used in the clinical
treatment of patients with COVID-19, but their clinical efficacy and
safety need to be confirmed in further clinical trials (Lu, 2020). Recent
studies (Wang et al., 2020) have identified Redesivir as a potential
treatment for NCP. Currently, Phase 3 clinical drug trials have been
launched in China, but the above studies are in the exploratory phase.
For the treatment of inflammation, corticosteroids have been used
frequently for severe patients with severe cases of SARS-CoV (Wong
et al., 2004, He et al., 2006), MERS-CoV (Faure et al., 2014, Falzarano
et al., 2013) and COVID-19. However, current evidence for SARS and
MERS suggests that corticosteroids have no effect on mortality, but
rather delay viral clearance (Stockman et al., 2006, Lansbury et al.,
2019, Arabi et al., 2018). There is limited evidence supporting the
treatment of COVID-19 with glucocorticoids (Wang et al., 2020, Russell
et al., 2020). The latest Chinese guidelines state that bed rest, symp-
tomatic support treatment, and antivirus glucocorticoid treatment are
primary treatment measures for COVID-19, among which antivirus
drugs mainly include alpha interferon, Lopinavir/Ritonavir, and Riba-
virin. However, the effect of these treatments are limited. Both the novel
coronavirus and antivirus drugs have hepatotoxicity that can cause liver
injury and affect the prognosis of patients.

As traditional Chinese medicine has been used for thousands of
years, it has played an important role in the prevention and treatment of
infectious diseases in both ancient and modern China. Since there is no
specific drug for the treatment of COVID-19 at present, the use of some
proprietary Chinese medicines combined with antivirus and/or anti-
inflammatory drugs have been used in the treatment of COVID-19,
with some positive effects (Wang et al., 2020). Therefore, the under-
taking of clinical research regarding the treatment of COVID-19 with
traditional Chinese medicine is an important methodof accelerating the
search for treatments to control the epidemic (Kupferschmidt and
Cohen, 2020). Among CHMs, Radix Scutellariae, Forsythia, DanPi, Salvia
miltiorrhiza, Ginseng, Astragalus, Radix Codonopsis, Atractylodes, and
Chinese yam have all been included in the treatment plan of COVID-19.
The application of these traditional Chinese medicines in the clinical
treatment of COVID-19 may help to reduce the excessive inflammatory
response and oxidative stress, thus curing the clinical symptoms of
patients.

Evaluation of the clinical efficacy of three treatments on COVID-19

Evaluation of the clinical efficacy of Lopinavir-Ritonavir treatment on
COVID-19

In the present study, the median time of release from quarantine after
Lopinavir-Ritonavir treatment was 15.0 (13.0-19.0) days, which is a
similar result to that in a previous study (14.0 (12.0-17.0) days) (Cao
et al, 2020), indicating that the therapeutic effect of
Lopinavir-Ritonavir treatment is relatively consistent. In Group A, the
recovery time of leukocyte, creatine kinase, and glutamic-pyruvic
transaminase levels was shorter than in the other two groups. In addi-
tion, the Lopinavir-Ritonavir treatment had some effect on the recovery
rate of biochemical indicators, and the improvement in creatine kinase
levels could be related to the association between the elimination of
viral mRNA and Lopinavir-Ritonavir treatment (Yuan et al., 2020). A
retrospective study showed Lopinavir-Ritonavir and interferon could
shorten the duration of viral shedding in patients with COVID-19 (Zuo
et al., 2020), thus, might have a favourable response to the course of
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Fig. 2. (A) Cumulative clinical remission rate of the three groups-Kaplan-Meier curve; (B) Cumulative rate of release from quarantine of the three groups-Kaplan-

Meier curve.

COVID-19 infection. Results of the comparison within groups showed
that Lopinavir - Ritonavir had better effects in improving lymphocyte,
haemoglobin, interleukin-6, albumin, creatine kinase, and platelet levels
as well as plasma prothrombin and activated partial thrombin activity
time. This might be because some important proteins are encoded by
novel coronaviruses, and Lopinavir can inhibit the protease activity of
coronavirus. Moreover, this was an effective treatment based on the
experience accumulated from the SARS and MERS outbreaks (Yao et al.,
2020). Some proteins,(such as 3C-like protease, play an important role
in the life cycle of these viruses, and the key drug-binding pockets are
conserved among SARS-CoV, MERS-CoV, and novel coronavirus (Li and
De Clercq, 2020, Zheng and Yong, 2020). The combination of
Lopinavir-Ritonavir and these proteins could have inhibitory effects on
novel coronaviruses and reduce the damage to human health.

Evaluation of the clinical efficacy of the combination of Lopinavir-Ritonavir
and Huashi Baidu Formula treatment on COVID-19

Compared to Lopinavir-Ritonavir treatment alone, the combination
of Lopinavir-Ritonavir and Huashi Baidu Formula treatment displayed
advantages in terms of the clinical remission time, rate of release from
quarantine, clinical remission rate, and rate of release from quarantine
(9.7 days vs. 10.8 days; 15.0 days vs. 16.7 days; 100% (20/20) vs. 95%
(19/20); 75.0% (15/20) vs. 60.0% (12/20)). In addition, the combina-
tion of Lopinavir-Ritonavir and Huashi Baidu Formula improved rates
to a greater degree than Huashi Baidu Formula with respect to lactate
dehydrogenase level (71.4% (5/7) vs. 60.0% (9/15)). Moreover, this
combination also improved the treatment of abnormal lymphocytes,
haemoglobin, interleukin-6, leucocyte, neutrophils, and total bilirubin.
In an open-label randomised trial, using Lopinavir-Ritonavir alone
showed some improvement in symptoms, and Lopinavir-Ritonavir as a
component of a triple combination (interferon beta-1b, Lopina-
vir-Ritonavir and Ribavirin) showed some in vitro activity against
coronaviruses (Hung et al., 2020). A retrospective analysis showed that
the viral load was negative in 75% of patients with COVID-19 treated
with Arbidol and Lopinavir-Ritonavir versus 35% of patients treated
with Lopinavir-Ritonavir alone (Deng et al., 2020). In the present study,
the combination of Lopinavir-Ritonavir and Huashi Baidu Formula
showed better clinical efficacy than Lopinavir-Ritonavir alone. The
Huashi Baidu Formula is composed of 14 CHMs, including Semen

Armeniacae Amarum, Gypsum fibrosum, Glycyrrhizae Radix et Rhizoma,
Poria, Pogostemonis Herba and Astragali radix, which might play a role in
improving and regulating the immune system (Lu et al., 2016, Shu,
2009, Hui et al., 2006, Yuan, 2015, Wen et al., 2017, Ying, 2013) and
promote the production of resistance to the novel coronavirus. The
application of these Chinese medicines in the clinical treatment of
COVID-19 may help to reduce the excessive inflammatory response and
oxidative stress, thus reduce the clinical symptoms (such as fever, cough,
and shortness of breath) (Lu et al., 2016, Shu, 2009, Hui et al., 2006,
Yuan, 2015, Wen et al., 2017, Ying, 2013, Feng, 2013, Li, 2006, Min and
Cheng, 2011, Jian et al., 2011, Dong, 2011, Jiao et al., 2018, Sheng
et al., 2011, Hua et al., 2015) of patients.

Evaluation of the clinical efficacy of Huashi Baidu Formula treatment on
COVID-19

In Group C, we adopted the method of CHM syndrome differentia-
tion, and administered individual treatment plans according to each
patient’s condition, including oral Chinese medicine decoction and
Chinese patent medicine, and some patients were administered tradi-
tional Chinese medicine injections. In addition, some patients used a
combination of CHM decoction and injection at the early stage of
admission, which was inconsistent with the use of CHM injection rec-
ommended only for severe and critically ill patients in the national
program. However, this study found that the combination of the Huashi
Baidu Formula and traditional Chinese medicine injection resulted in
improved clinical remission times (5.9 + 4.7 days), and the rate of
release from quarantine (80.0%%(16/20)) was higher in the other two
groups, with a clinical remission rate of 100.0% (20/20). On the one
hand, the improvement rate of lymphocytes and interleukin-6 in Group
C was higher than in the other groups, indicating the effectiveness of the
Huashi Baidu Formula. On the other hand, Huashi Baidu Formula
treatment also functioned well for some abnormal clinical indicators,
such as haemoglobin, albumin, creatine kinase, glutamic-oxalacetic
transaminase, carbamide, and lactate dehydrogenase levels as well as
prothrombin and activated partial thromboplastin times. Additionally,
there might be a connection between efficacy and traditional Chinese
medicine injection (e.g. XueBiJing, XiYanPing, and ShenMai injections).
This would be consistent with previous studies that have demonstrated
that the combination of XueBiJing injection and basic antivirus
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Table 4
Comparative analysis of clinical characteristics of patients with COVID-2019.
Variables Normal Group A GroupB  GroupC  Total
range (n=20) (n=20) (n=20) (n=60)
Blood routine
Leucocytes (x 10° 3.5-9.5 5.4 (4.4- 4335 6.1(.3 53(4.1-
/1) -baseline (n, 7.2) 5.4) 8.1) 7.0)
%)
outcome (n, %) 5.5 (4.3- 4.6 (3.9- 6.1(49- 56 (4.2-
6.2) 6.0) 7.1) 6.4)
p-value 0.20b 0.73b 0.22b
Neutrophils (x 10° 1.8-6.3 4.2 (3.3- 2.7 (2.1- 4.0(3.6- 3.7(2.7-
/1) -abnormal(n, 7.3) 3.4) 5.5) 5.4)
%)
outcome(n,%) 3.7 (3.1- 2.6 (21- 3725  35(25-
4.9) 3.9) 4.5) 4.4)
p-value 0.048b 0.47b 0.044b
Lymphocytes (x 10° 11.-3.2 0.9 (0.7- 1.0 (0.9- 1.4 (1.1- 1.1 (0.9-
/1) -abnormal (n, 1.5) 1.6) 1.9 1.7)
%)
outcome (n, %) 1.4 (0.8- 1.4 (1.0- 1.5 (1.4- 1.5 (1.1-
1.9) 1.7) 2.2) 1.8)
p-value 0.00069 0.19 0.49
Platelets (x 10%/ 1) 125-350 201.5 173.5 217.0 205.0
-abnormal (n, %) (164.5- (142.8- (187.3- (161.0-
303.5) 255.3) 277.0) 277.0)
outcome (n, %) 204.0 218.0 227.0 217
(143.3- (155.8- (180.3- (162.3-
285.0) 283.8) 261.5) 267.0)
p-value 0.64b 0.23b 0.76
Haemoglobin (g/1) 115-150 129.5 127.0 130.5 127.5
-abnormal (n, %) (119.8- (114.8- (122.0- (119.0-
143.0) 133.3) 135.5) 136.0)
outcome (n, %) 131.5 125.5 125.0 127.0
(118.0- (107.0- (115.8- (115.0-
139.0) 129.0) 131.0) 132.0)
p-value 0.15 0.040 0.046
Coagulation
function
Prothrombin time 10.5- 11.5 11.4 11.0 11.3
(s) -abnormal (n, 135 (10.8- (11.2- (10.6- (10.8-
%) 11.7) 12.3) 11.5) 11.8)
outcome (n, %) 10.6 11.2 11.0 10.8
(10.1- (10.3- (10.6- (10.3-
11.4) 11.4) 11.5) 11.4)
p-value 0.0070b 0.0079 0.23
Activated partial 21-37 24.0 29.5 30.5 28.1
thromboplastin (22.8- (25.2- (28.0- (23.6-
time (s) 27.0) 33.0) 33.1) 32.3)
-abnormal (n, %)
outcome (n, %) 249 26.1 30.4 26.5
(22.8- (23.8- (26.6- (24.0-
30.0) 30.4) 33.2) 31.0)
p-value 0.35 0.033 0.63b
D-dimer (ug/) 0.0-1.5 1.1 (0.6- 0.4 (0.2- 1.0(0.4- 0.6 (0.3-
-abnormal (n, %) 2.8) 1.3) 15.0) 3.3)
outcome (n, %) - - - -
Blood
biochemistry
Albumin (g/L) 40-55 31.3 36.1 37.7 34.1
-abnormal (n, %) (27.1- (30.1- (32.0- (29.3-
34.2) 39.3) 56.6) 39.3)
outcome (n, %) 37.1 39.3 40.7 39.0
(32.9- (35.2- (37.9- (35.3-
38.8) 40.3) 62.8) 41.8)
p-value 0.00049 0.040 0.0017
Alanine 7-40 41.5 22.0 42.5 335
aminotransferase (26.5- (16.5- (18.3- (19.3-
(U/1) -abnormal 52.5) 39.0) 51.5) 48.0)
(n, %)
outcome (n, %) 36.0 20.0 38.0 27.5
(25.0- 17.3- (16.3- (18.3-
52.5) 45.5) 50.8) 49.5)
p-value 0.80b 0.80b 0.49b
Glutamic-oxalacetic 13-35 34.0 26.0 35.0 315
transaminase (U/ (26.3- (22.0- (23.5- (25.0-
55.5) 31.8) 42.5) 41.0)

Table 4 (continued)
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Variables Normal Group A GroupB  GroupC Total
range (n=20) (n=20) (n=20) (n=60)
1) -abnormal (n,
%)
outcome(n,%) 20.5 24.0 27.0 23.0
(14.8- (17.3- (19.3- (17.3-
28.0) 32.8) 40.3) 34.5)
p-value 0.025b 0.21b 0.032b
Total bilirubin 0-21 12.2 14.2 13.1 13.0
(pmol/1) (9.8- (10.5- (9.4- (9.8-
-abnormal (n, %) 13.6) 16.7) 18.5) 16.4)
outcome (n, %) 10.6 9.2(6.7- 9.1(6.4- 9.4 (6.6-
(7.9- 13.6) 16.8) 14.0)
14.3)
p-value 0.079b 0.018 0.068b
Carbamide (mmol/ 2.6-7.5 4.7 (3.6- 3.6 (3.1- 4.7 (4.2- 4.5 (3.5-
1) -abnormal (n, 5.5) 4.7) 6.3) 5.1)
%)
outcome (n, %) 5.7 (4.7- 43(3.4- 48(3.8 49(38-
6.2) 5.4) 5.0) 5.7)
p-value 0.21 0.13 0.098
Serum creatinin 41-73 70.0 65.2 65.4 67.4
(pmol/1) (65.5- (54.9- (57.1- (58.7-
-abnormal (n, %) 18.8) 75.9) 86.5) 78.4)
outcome (n, %) 75.5 59.5 66.0 70.9
(72.0- (48.3- (58.0- (58.5-
82.8) 73.9) 77.2) 78.0)
p-value 0.018 0.098 0.19b
Creatine kinase (U/ 40-200 93.5 55 81.5 68.0
1) -abnormal (n, (47.0- (45.2- (57.3- (48.3-
%) 293.8) 139.5) 120.5) 162.8)
outcome(n, %) 63.0 46.5 58.5 55.5
(34.5- (34.5- (43.5- (39.3-
75.8) 58.3) 75.8) 72.8)
p-value 0.0020b 0.018 0.022b
Creatine 0-24 16.5 11.0 11.5 12.0
phosphokinase (12.0- (9.0- (10.0- (10.0-
isoenzyme (U/1) 21.0) 14.0) 14.0) 17.0)
-abnormal (n, %)
outcome (n, %) - - - -
Lactate 120-250 331.0 225.5 206.0 250.0
dehydrogenase (241.5- (186.5- (181.3- (190.8-
(U/1) -abnormal 431.5) 305.5) 270.8) 332.0)
(n, %)
outcome (n, %) 222.5 209.5 198.5 211
(195.5- (183.8- (163.8- (183.8-
287.5) 220.8) 218.5) 234.5)
p-value 0.0017 0.37 0.034
Infection-related
biomarkers
Interleukin-6 (pg/ 0.0-7.0 8.1 (6.1- 7.4(6.2- 6.8(.2- 7.3(5.9-
ml) -abnormal (n, 11.2) 8.9) 11.3) 10.4)
%)
outcome (n, %) 7.7 (5.7- 8.4 (6.3- 6.1 (5.0- 7.4 (5.6-
10.3) 10.5) 8.9) 9.9)
p-value 0.75b 0.35b 0.013b
C-reactive protein 0-5 27.5 21.3 7.9 (0.9- 17.8
(mg/1) -abnormal (16.9- (5.1- 22.7) (4.1-
(n, %) 60.0) 51.8) 46.8)
outcome (n, %) 4.8 (2.3- 5.3 (0.6- 2.8 (1.0- 4.3 (1.1-
16.1) 5.3) 7.7) 11.5)
p-value 0.0010b 0.11 0.030b

b = Wilcoxon Signed Rank Test

treatment could improve the effectiveness of the rate of absorption of
chest CT lesions in patients with COVID-19 without severe adverse
events, and the XueBiJing injection could effectively improve the in-
flammatory markers and prognosis of patients with severe COVID-19
(Yu et al., 2020, Wen et al., 2020). The combination of XiYanPing in-
jection and azithromycin in the treatment of mycoplasma pneumonia in
children could effectively shorten the time of hospitalisation and re-
covery time of fevers, coughs and crackles with extremely low levels of
adverse events (Qiao et al., 2019). Moreover, with the appendant of
Danshen injection in the treatment of patients with severe pneumonia,
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Table 5
Clinical safety indexes of patients with COVID-19.
Variables GroupA  Group B Group C Total p-
(n=20) (n=20) (n=20) (n=60) value

Alanine 11/20 6/20 11/20 28/60 0.19
aminotransferase- (55.0%) (30.0%) (55.0%) (46.7%)
abnormal (n/N, %)

Adverse event-(n/N, 8/20 7/20 9/20 24/60 0.81
%) (40.0%) (35.0%) (45.0%) (40.0%)

p-value 0.51 - 0.63

Glutamic-oxalacetic 9/20 4/20 10/20 23/60 0.11
transaminase- (45.0%) (20.0%) (50.0%) (38.3%)
abnormal (n/N, %)

Adverse event-(n/N, 4/20 5/20 9/20 18/60 0.19
%) (20.0%) (25.0%) (45.0%) (30.0%)

p-value 0.063 1.0 1.0

Serum creatinin- 7/20 5/20 8/20 20/60 0.59
abnormal (n/N, %) (35.0%) (25.0%) (40.0%) (33.3%)

Adverse event-(n/N, 11/20 5/20 9/20 25/60 0.15
%) (55.0%) (25.0%) (45.0%) (41.7%)

p-value 0.13 1.0 1.0

Creatine kinase 9/20 7/20 6/20 22/60 0.61
-abnormal (n/N,%) (45.0%) (35.0%) (30.0%) (36.7%)

Adverse event-(n/N, 8/20 6/20 4/20 18/60 0.39
%) (40.0%) (30.0%) (20.0%) (30.0%)

p-value 1.0 1.0 0.63

the patient’s clinical symptoms (fever, cough, shortness of breath,
abnormal heart rate and lung rales) and recovery time could be signif-
icantly decreased, and the abnormal C-reactive protein and leukocyte
levels could be reduced (Nan, 2018, Jun, 2018). Overall, these studies
might explain why the combination of the Huashi Baidu Formula and
traditional Chinese medicine injection be effective in the treatment of
COVID-19.

Safety indexes of the three groups in the treatment of COVID-19

Several patients in this study had abnormal creatinine levels after
Lopinavir-Ritonavir treatment. The number of patients with abnormal
glutamic-pyruvic and oxalacetic transaminase levels after the combi-
nation of Lopinavir-Ritonavir and Huashi Baidu Formula treatment also
slightly increased. However, there was no significant difference in safety
indexes between and within the groups (P > 0.05). Although one patient
died during hospitalization in Group A, researchers determined that it
was not related to the intervention. In total, none of the patient in the
study experienced severe adverse events.

Limitations and strengths

There were several limitations to this study. First, the trial was non-
randomized and unblinded, thus, findings of statistical tests and P-
values should be interpreted with caution, and non-significant P-values
did not necessarily rule out differences between the three groups. Sec-
ond, due to the small sample size and single centre site, it was difficult to
assess host risk factors for disease severity and mortality using multi-
variable adjusted methods. A larger randomised control trial would
assist in defining the clinical epidemiological characteristics and risk
factors. Third, the interventions in this study were not completely in
accordance with the three groups. Further studies in outpatient, primary
care, or community settings are needed to follow-up the prognosis and
recovery of patients.

The present study also has some strengths. First, it is one of few
clinical control trials to explore the efficacy and safety of CHMs and
western medicines in COVID-19 treatment. Second, we used many in-
dicators to describe the efficacy and safety of the medicines, such as
clinical remission rate, clinical remission time, and rate of release from
quarantine, making the outcomes more diversified.
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Conclusions

Lopinavir-Ritonavir had an effect as a treatment for COVID-19, and
this effect was enhanced when combined with Huashi Baidu Formula
administration. At the same time, the combined use of the Huashi Baidu
Formula and traditional Chinese medicine injection in the treatment of
COVID-19 produced a better effect than anticipated, and none of the
three treatments had any severe adverse effects on the patients. We are
cautiously optimistic about the results. Due to the limitations of this
study, multi-centre, large-sample size, rigorous clinical trials are needed
for further verification
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