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Abstract

Background: A novel coronavirus was identified in December, 2019 in Wuhan, China, and traditional Chinese medi-
cine (TCM) played an active role in combating the novel coronavirus pneumonia (NCP) caused by this fast-spreading
virus COVID-19. Thus, we aimed to explore TCM characteristics of clinical efficacy to NCP, as well as to optimize Qingfei
Paidu decoction (QFPDD) and the recommended formulas to NCP by National Health Commission (NHC).

Methods: Chinese medical sciences theory and clinical application of TCM were analyzed. A total of 54 NCP patients
were observed in a hospital from Wuhan, whose clinical characteristics and utilization of Chinese Medicines (CMs)
were described. Paired t test was used to measure the change of patients’hemogram during hospitalization period,
indicating the effect of CMs. Multiple linear regression analysis was applied to explore the factors affecting the length
of hospital stay. Network pharmacology analysis was applied to figure out the performance of NHC-recommended
formulas of five disease stages at levels of compounds, targets and pathways.

Result: The average length of hospital stay was 8.96 days. Patients over 45 stayed 9.79 days in hospital in average,
longer than 7.64 days of patients under 45. Comparing the hemograms between admission and discharge of hos-
pital, the number of leukocytes, neutrophil, lymphocyte and platelet increased, while the numbers of erythrocytes,
hemoglobin concentration and hematocrit decreased. According to the standard coefficients of regression, the factor
affecting the length of stay for the most was CMs in category of invigorating spleen and removing dampness (ISRD),
followed by administrating CMs, male, and cough. Thirty-two CMs were screened after deleting duplication from
QFPDD and NHC-recommended formulas. Compound quercetin, luteolin, kaempferol, acacetin etc.,, were all involved
in the treatment of various disease stages on the compound level both in generality and individuality.

Conclusion: TCM has a systemic theoretical understanding on the pathological evolution and a positive clinical
efficacy on NCP. The CMs of ISRD improved patients' recovery, suggesting the importance of regulating intestinal
function and keeping microenvironmental balance in TCM treatment of NCP. The active compounds from QFPDD and
NHC-recommended formulas contribute to recovery of varied disease progresses during TCM treating NCP.
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Background

A novel coronavirus named COVID-19 was identi-
fied in December 2019 in Wuhan, China, which caused
infectious pneumonia and spread rapidly. However,
there has been no consensus on the nomenclature of
novel coronavirus pneumonia (NCP) from the per-
spective of traditional Chines Medicine (TCM) so far.
Academician Tong Xiaolin suggested that the disease
should be named as cold-dampness pestilence (EITJ%)
[1], and academician Wang Qi called the disease pul-
monary pestilence (ffiJ&) in the Manual for Traditional
Chinese Medicine diagnosis and treatment of NCP [2].
In general, there is an agreement on the opinion that
NCP belongs to the category of epidemic disease (&%)
in TCM. As the special climate of Wuhan, where the
local temperature in last winter was higher than that
in previous winter, and the rainfall was more frequent
than snowfall, the syndromes of NCP patients often
presented the characteristics of dampness pathogen (
JZ74B) in TCM. Integrating the analysis resulted from
Professor Liu Qingquan and Dr. Xiang Qiong [3, 4], we
consider that NCP (COVID-19) should be defined as
dampness toxin pestilence ({£Z%). Dampness toxin (
{T#) runs through the comprehensive pathology of
NCP. Even in Gansu, a region with dry climate, the
researchers found that the characteristics of dampness
pathogen from NCP patients were similar to those in
Wuhan [5].

Chinese Medicine (CM) has accumulated abundant
clinical experiences and effective formulas on the pre-
vention and treatment of epidemic diseases. In Ming
dynasty, Wu Youke, a famous Chinese medicine doctor,
believed that the pathogen of epidemic disease was dif-
ferent from the six excesses (75V%), but was a kind of
pestilent Qi (J55) that had high contagious and pow-
erful toxic features. Pestilent Qi is prone to encroach-
ing specific organs and involving multiple organs
failure, and commonly breaks out in populated large
cities. In 2004, a clinical study including 524 patients
with severe acute respiratory syndrome (SARS) showed
that the duration of major symptoms in the group of
patients treated by integrated Chinese and western
medicines was significantly shorter than those in the
group treated by western medicine alone [6]. The satis-
fied therapeutic effects of TCM in preventing and treat-
ing SARS suggested the superiority of TCM on severe
infectious diseases.

In March 2020, the Diagnosis and Treatment Guide-
line of Novel Coronavirus Pneumonia (Edition 7) was
released by the National Health Commission (NHC)
of People’s Republic of China [7], in which Qingfei
Paidu decoction (QFPDD) and other TCM formulas
were recommended to treat NCP. Although it is nec-
essary to consider the real pathological evolutions of
patients based on local climatic features and individual
physical characteristics of patients, the inconsistency of
syndrome types (IE%Y) is prone to producing cluttered
Chinese medicine formulas. In the view of this, the
TCM symptom types in this study complied with those
in the guideline from treatment to recovery period.

Therefore, this study aimed to figure out efficacy of
TCM in treating NCP, to explore the relationship of the
TCM’s influence factors with patient’s individual char-
acteristics, and to optimize QFPDD and NHC-recom-
mended formulas corresponding to the treatment and
recovery period of NCP.

By using both statistics analysis and network pharma-
cological technology, this study can not only partially
reveal the therapeutic mechanisms of TCM through the
corresponding relationships among formula, medicine,
and syndrome, but also provide scientific evidence for
screening and optimizing TCM formulas for the treat-
ment of NCP.

Methods

Study population

Data of 54 patients with NCP, namely SARS-CoV-2 pneu-
monia (COVID-19) undergoing CMs treatment origi-
nated from the department of infectious disease in Jihe
Hospital from Wuhan during January 24 to February
17. The information about patients’ age, gender, symp-
toms, temperature, use of TCMs and results of labora-
tory examinations during hospitalization were collected
through hospital information system (HIS).

Statistical analysis

The clinical characteristics of patients and frequency of
CMs use were described. Independent t test was used to
measure the differences of clinical characteristics among
patients in varied demographic groups, and paired t test
was used to measure the differences of patients’ blood
test results between admission and discharge of hospi-
tal, which could indicate the effect of CMs. Correlation
analysis was applied to investigate the relevance among
various symptoms and TCM clinical features. Multiple
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linear regression analysis was applied to explore the fac-
tors affecting the length of hospital stay.

Network pharmacology analysis

The compound information of all the 21 Chinese medi-
cines in QFPDD were collected. There were one to three
herbs selected as the sovereign medicinal (&Z%4) to repre-
sent the main effect of the recommended formulas of five
disease stages: mild, moderate, severe, critical and recov-
ery stages.

For target prediction and active compound (C)—tar-
get (T) network construction, we input the SMILES of
the compounds into online tools Similarity Ensemble
Approach (SEA) to predict the putative targets. The soft-
ware Cytoscape (version: 3.7.0) was used to construct
active compounds-targets network, and the network
parameters of each element were analysed based on the
plug-in Network Analyzer for further analysis.

A web-based gene set analysis toolkit was applied for
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis of putative targets. Param-
eter settings were as follows: Homo sapiens in Organ-
ism of Interest, Over-Representation Analysis (ORA) in
Method of Interest and KEGG in Functional Database.

Results

Theoretic base of TCM comprehension on NCP

TCM comprehension on pathological evolution of NCP
and medication paradigm were analyzed based on syn-
drome differentiation. As NCP belongs to the category of
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epidemic disease, the pathogen is generally attributed to
dampness toxin according to the main symptom charac-
teristics of this disease. TCM believes that NCP locates
in lung, and is closely related to spleen and stomach, and
its pathological changes involve in heart, liver and kid-
ney in the later stages. Dampness pathogen can change
into cold-dampness (2{8) pathogen following the Yin
body constitution (PAI%1AJ&), and also become the
dampness-heat (JZ2##) pathogen following the Yang body
constitution (PH{4E1AJE). Clinical observation shows that
dampness toxin can directly invade into middle energizer
(th£8) in partly NCP patients, and leads to the dysfunc-
tion of Qi movement. If the treatment method is appro-
priate and sufficient healthy Qi (:E) gradually recovers,
the pathogen will be driven out, consequently the patient
will enter into the recovery period. At the same time
clinical manifestations appear some symptoms of Qi
and Yin deficiency (SBABAREIE). Thus, the pathological
evolution of NCP in TCM can be summarized as damp-
ness toxin invading defense exterior (1 ) in early stage,
and then enters the lungs and influences spleen function,
eventually involves heart, liver and kidney, which causes
Yang Qi collapse ((H=¥IM5t) by excess pathogen and Yin
and Yang separates from each other (PABHER). If the
treatment is timely and suitable, sufficient healthy Qi can
eliminate the pathogen, syndromes with deficiency of Qi
and Yin in lung and spleen will be manifested (Fig. 1).
Although the pathogen between NCP and SARS have
certain similarities in virus origination, the TCM patho-
genesis of NCP and SARS appear to be different (Table 1).

/{1’

Other constitution
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Body Constitution of TCM

Fig. 1 Diagram of pathological evolution of TCM
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Table 1 Characteristics of TCM Pathogenesis in NCP and SARS

NCP (COVID-19) SARS
Original area Wuhan, Hubei Foshan, Guangdong
Onset time Nov, 2019 Nov, 2002
TCM pathogen Dampness toxin Epidemic toxin (/& 2)
Main symptoms Low fever or no fever, some patients only felt fatigue, or dry The typical symptom is fever (frequent high fever),
cough, nausea, diarrhea. Severe dyspnea occurs 1 week later, following fatigue, head and muscle pain. Some
which can lead to multiple organs failure. patients present dry cough, less sputum after

3 to 6 days, as well as chest discomfort and
wheezing. In severe stage, the occurrence of
gasp and acute respiratory distress.

Location of disease Lungs, involving spleen and stomach, eventually affecting heart, Mainly in lung
liver and kidney
Pathological evolutional periods 1 Medical observation period: fatigue and gastrointestinal 1 Early stage: syndrome of epidemic toxin invad-
dysfunction or fever ing lung (& &30 FHIE)
2 Clinical period when diagnosed 2 Progressive stage: syndrome of epidemic

2.1 Mild type: syndrome of cold dampness obstructing lung (32 toxin  obstructing lung (& 2 2&f+), syndrome
=]

{2BBAH), syndrome of lung with dampness heat retention (1% of blocking lung with severe dyspnea (fH[F1

AEERHIE) #%) syndrome of internal block and external
2.2 Moderate type: syndrome of lung with dampness toxin collapse (RIFFMRIE)

retention (YR HBFHIE), syndrome of cold dampness blocking 3 Recovery period: syndrome of Qi and Yin defi-

lung (ZEVZPEFFHIE) ciency (SSPRBAREIE), syndrome of phlegm and
2.3 Severe type: syndrome of pestilent toxin blocking lung (/& blood stasis blocking collaterals (ZE FAPALEIE).

EFAFHIE), syndrome of dual blaze of Qi and blood (S IfILFA

FFIE)
2.4 Critical type: syndrome of internal block and external col-

lapse (PSR IE)

3 Recovery period: syndrome of Qi and Yin deficiency in lung

and spleen (FRARSPRFIREIE)

Except using CMs treatment according to TCM dif-  papja Demographic characteristics and TCM features
ferent syndromes, the application of achievements from  f patients

modern pharmacological research on CMs, targeting the
pathological changes of NCP at different periods will also
improve therapeutic effects. For example, Ephedra sinica  Gender

Characteristic Population

Stapf, Schizonepeta tenuifolia Briq., Perillae Folium and Male 34
Lonicerae Japonicae Flos have antipyretic and analgesic Female 20
actions, and Ma Xing Shi Gan Decoction (&G HT), Age
Arctium lappa L. and Poria cocos (Schw.) Wolf. are able <45 1
to regulate immune function and suppress inflammatory [45, 60) 21
cytokine storm, suggesting that TCM plays a comprehen- [60, 75) 18
sive beneficial regulating role in the treatment of NCP >75 4
through multi-level and multi-pathways. Symptoms
Fever 16
Cough 24
Characteristics of patients and TCM utilization Shortness of breath 18
Demographic characteristics of patients were shown Abnormal digestion 5
in Table 2. The average age of all the 54 patients was Anorexia 8
55.07 years old. Male patients (52.03 years old) were  Tongue manifestation
younger than female patients (60.25 years old) in average Red tongue with white coating (FtI1 & B) 24
(t=2.128, P=0.028). The average length of hospital stay Red tongue with yellow coating (FLI &) 11
was 8.96 days. Patients over 45 years old stayed 9.79 days Others 16
in hospital in average, which was longer than 7.64 days of  pyse manifestation
patients under 45 years old (¢=2.232, P=0.034). Deep pulse (TR 19
The common symptoms were correlative with TCM Slippery pulse (J&) 12

clinical features (Table 3). Fever was negatively related to Others 20
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Table 3 Relevant of Symptoms and TCM clinical features
Fever Cough Shortness of breath  Abnormal  Anorexia Red tongue Deep pulse
digestion with white
coating
Fever 1 —-0299"  —0411° 0.346° 0.057 0316° 0450°
Cough -0.299° 1 —-0.203 -0311° —-0.083 —-0.056 —-0.024
Shortness of breath —0411°  —0203 1 0032 002 -0.15 —0.406°
Abnormal digestion 0346°  —0311° 0.032 1 0.039 -0016 0.234
Anorexia 0.057 —-0.083 0.02 0.039 1 -0.17 —-0.175
Red tongue with white coating 0316° —0.056 -0.15 -0.016 =017 1 0.639°
Deep pulse 0450°  —0024 —0.406° 0.234 -0.175 0.639° 1

2 Correlation significant, at 0.05 level; ®at 0.01 level

cough and shortness of breath, and was in positive correla-
tion to abnormal digestion, Red tongue with white coating
(FtIEB) and deep pulse (JTHk). Cough was in negative
correlation to shortness of breath and abnormal digestion.
Shortness of breath was negatively related to deep pulse.

NCP patients were prescribed with 87 kinds of CMs
in total, and the most frequently used CMs were listed
according to their classification (Table 4).

Clinical effect of TCMs treatment

Multiple linear regression was employed with the length
of hospital stay as dependent variable, and patients’ age,
gender, symptoms and CMs they administrated as inde-
pendent variables (Table 5). The method of backward

Table 4 The most frequently used CMs for NCP patients

elimination was chosen to get the optimal fitting degree of
regression model (Table 6).
The regression equation of length of hospital stay was:

Y= — 4999 + 0.106 X; + 4.538 X,
— 3474 X3 — 2.665X4 + 1.925X5
— 1.510Xgs + 7.864 X7 + 9.771 Xg,

with R? = 0.569 and adjusted R? = 0.353.

According to the standard coefficients, the factor
affecting the length of hospital stay for the most was
administrating category of ISRD, followed by adminis-
trating other CMs, male, and cough.

Patients received blood test both when admitted to
hospital and discharge from hospital (Table 7).

Classification of TCM Top 3 used TCMs Frequency
Category of clearing heat and drying dampness and removing toxin (B HURITEE &) Scutellaria baicalensis Georgi (%) 29
Lonicera japonica Thunb (4R 1) 1
Forsythia suspense Vah! GEXH) 10
Category of aromatic herbs resolving dampness (75 &L IE3) Amomum villosum Lour (#12) 28
Amomum compactum (2 &) 12
Pogostemon cablin (EZ) 9
Category of eliminating dampness with bland medicinal GRIEFEZ) Poria cocos (TR55) 40
Alisma orientalis (1%15) 34
Coix lacryma-jobi (B =12) 36
Category of invigorating spleen and removing dampness (ISRD, &R 1T35) Atractylodes macrocephala (AR) 30
Astragalus membranaceus (B &) 5
Dolichos (B R E) 2
Category of power appetite and digestant medicinal (FF B 18 B3) Massa Medicata Fermentata (5 ) 19
Hordeum vulgare (3 %) 18
Gallus gallus domesticus (M&PRZ) 13
Others Prunus armeniaca (Z512) 33
Paeonia suffruticosa (FR) 27

Platycodon grandiflorum (F&4%) 27




Luo et al. Chin Med (2020) 15:34 Page 6 of 13
Table 5 Assignment of independent variables in multiple linear regression
Variables Assignment
X1: Age Continuous variable
X2: Gender Male=1, Female=0
X3:Cough Yes=1,No=0
X4: Short of breath Yes=1,No=0
X5: Administrate category of clearing heat and drying dampness and removing toxin Yes=1,No=0
X6: Administrate category of aromatic herbs resolving dampness Yes=1,No=0
X7: Administrate category of ISRD Yes=1,No=0
X8: Administrate other CMs Yes=1,No=0
Table 6 Regression coefficients in multiple linear regression
Variable Unstandardized coefficient Standardized T P Collinearity
coefficient

B S.E. Beta Tolerance VIF
(Constant) —4.999 3.956 —1.264 0224
X1: 0.106 0.054 0.446 1.963 0.067 0522 1.914
X2: 4.538 1.565 0.727 2.899 0.010° 0428 2336
X3: —3474 1430 —0.580 —2430 0027 0474 2110
X4: —2.665 1311 —0436 —2.033 0.059 0.586 1.707
X5: 1.925 1.442 0.309 1335 0.201 0.504 1.983
X6: -1510 1.409 —0.242 —1.072 0.300 0.529 1.892
X7 7.864 2.291 1.051 3433 0.003" 0.288 3474
X8: 9.771 2781 0.885 3514 0003" 0425 2355

*P<0.5,*P<0.01

The indicators of blood test included white cell count
(WBC), percentage of neutrophils (Neu %), percent-
age of lymphocytes (Lym %), percentage of mononu-
cleosis (Mon %), percentage of eosinophils % (EOS %),
percentage of alkaline granulocytes (Bas %), num-
ber of neutrophils (Neu#), number of lymphocytes
(Lym#), number of single-core cells (Mon#), number
of eosinophils (Eos#), number of alkaline granulocytes
(Bas#), red cell count (RBC), hemoglobin concentra-
tion (HGB), hematocrit (HCT), average red blood cell
volume (MCYV), average red blood cell hemoglobin
concentration (MCH), platelet number (PLT), aver-
age platelet volume (MPV), platelet distribution width
(PDW) and platelet pressure (PCT).

(Table 7 Values of blood test when admission and dis-
charge of hospital)

By comparing the parameters of blood test between
admission and discharge of hospital, the values of WBC,
EOS %, Neu#, Lym#, Eos#, Bas#, PLT and PCT increased,
while values of RBC, HGB, HCT, and MPV decreased.
The result indicated that TCM treatment significantly
ameliorated the immune ability against SARS-CoV-2 in
patients.

Network pharmacology of QEPDD and NHC-recommended
formulas

The five disease stages consist of nine syndromes and
nine formulas. The sovereign medicinal of mild disease
stage contained Pogostemon Cablin (Blanco), Atracty-
lodes Lancea (Thunb.)Dc., Scutellariae Radix, Chaihu
Radix Bupleuri, Forsythiae Fructus; the moderate stage
contained gypsum, Atractylodes Lancea (Thunb.)Dc.,
Polygoni Cuspidati Rhizoma Et Radix, Pogostemon Cab-
lin (Blanco), Verbenae Herb; the severe stage contained
Ephedra Herba, gypsum, Lepidii Semen Descurainiae
Semen, buffalo horn; the critical stage contained Panax
Ginseng C. A. Mey., Aconiti Lateralis Radix Praeparata;
and the recovery stage contained Hedysarum Multijugum
Maxim., Ophiopogon japonicus (Linn. f.) Ker-Gawl, Pana-
cis Quinquefolii Radix.

There are 21 CMs in the QFPDD, and 16 CMs in rec-
ommended formulas of five disease stages. After delet-
ing duplication, 32 different CMs were selected in total.
As the Ophiopogon japonicus (Linn. f.) Ker-Gawl., gyp-
sum, and buffalo horn were not found in TCMSP data-
base, finally 29 CMs were picked in this study. There
are 201 compounds in recommended formulas of five
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Table 7 Values of blood test when admission and discharge of hospital
Reference values Observed values in average (95%Cl) T P

WBC (*10%/L) 4-10 Admission 473 (3.97-549) —3394 0.004"
Discharge 6.68 (5.88-7.47)

Neu % 50-70 Admission 7141 (65.65-77.16) 0319 0.754
Discharge 7162 (67.37-75.87)

Lym % 20-40 Admission 2130 (16.18-26.42) 0016 0.987
Discharge 20.28 (16.55-24.01)

Mon % 3-12 Admission 6.55 (5.02-8.09) —-0.561 0.583
Discharge 6.90 (5.34-8.46)

EOS % 0.5-5 Admission 0.54(0.21-0.87) —2.800 0013
Discharge 0.99 (0.70-1.28)

Bas % 0-1 Admission 0.20 (0.12-0.28) —-0.968 0.347
Discharge 0.21(0.14-0.29)

Neu# (*10%/L) 2-7 Admission 345 (269-4.21) —-2359 0031"
Discharge 4.84 (4.06-5.62)

Lymi# (*10°/L) 0.8-4 Admission 0.94 (0.74-1.14) —2.948 0.009”
Discharge 1.30(1.09-1.51)

Mon# (*10%/L) 0.12-12 Admission 0.31(0.22-0.40) —-1.897 0076
Discharge 0.46 (0.32-0.61)

Eost# (*10%/L) 0.02-0.5 Admission 0.02 (0.01-0.04) —4.592 0.000™"
Discharge 0.06 (0.05-0.08)

Bas# (*10%/L) 0-0.1 Admission 0.00 (0.00-0.01) —3.846 0001
Discharge 0.01 (0.01-0.02)

RBC (*10'%/L) 4-55 Admission 447 (421-4.73) 4971 0.000™
Discharge 4.03 (3.76-4.30)

HGB (g/L) 120-160 Admission 137.40 (128.85-145.95) 5067 0.000™
Discharge 12353 (114.27-132.80)

HCT (%) 35-51 Admission 4212 (39.52-44.72) 4972 0000
Discharge 38.05 (35.37-40.72)

MCV (fl) 80-100 Admission 94.29 (92.54-96.04) —0469 0.645
Discharge 94.38 (92.86-95.90)

MCH (g/L) 320-360 Admission 326.13 (322.83-329.44) 1.070 0.301
Discharge 324.40 (319.66-329.14)

PLT (*10%/L) 100-300 Admission 186.80 (150.28-223.32) —4.598 0.000™"
Discharge 299.80 (261.20-338.40)

MPV (fL) 6.5-12 Admission 9.00 (8.55-9.45) 5009 0.000™
Discharge 8.27 (7.82-8.71)

PDW (%) 9-17 Admission 16.00 (15.79-16.21) 1464 0.164
Discharge 15.87 (15.67-16.06)

PCT (%) 0.108-0.280 Admission 0.16 (0.14-0.19) —4014 0.001™
Discharge 0.25(0.22-0.28)

*P<0.5,**P<0.01, ***P <0.001

disease stages and 288 compounds in the QFPDD after
screening. Comparing with the compound in sovereign
medicinal, we discovered kaempferol, beta-sitosterol,
Stigmasterol, quercetin, luteolin, Genkwanin, diop, isor-
hamnetin participated in three or more disease stages.
At the same time, these compounds were not unique to
a single Chinese herbal medicine, but many common

CMs. Comparing the compounds in QFPDD with those
in recommended formulas of the first four disease stages,
seven of the eight compounds (except isorhamnetin)
were found to be representative in QFPDD and in recom-
mended formulas of three or four disease stages.

The recommended formulas included 164 types of
putative targets in mild disease stage, 147 types in
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moderate stage, 150 types in severe stage, 88 types in
critical stage and 112 types in recovery stage. Totally,
there were 204 types of different targets in recommended
formulas, and 240 targets in QFPDD. After comparing
the putative targets of five disease stage, it was found
that 169 of the 204 targets were common targets, among
which 58 were involved in the treatment of all five dis-
ease stages. By comparing QFPDD with recommended
formulas of the first four stages, it was found that only
9 of 248 targets have nothing to do with QFPDD, and 60
targets were common targets.

According to the compounds (C)-putative targets (T)
network (C-T network) related to the five stages, the
degree value of quercetin, luteolin, kaempferol, acace-
tin and genkwanin were all greater than 30 and exist in
a variety of CMs, which acted on different disease stages
(Fig. 2). And the degree value of a total of 25 targets was
greater than 30, among which the first five were CYP1B1,
ESR1, ESR2, AR, and ABCG2, respectively.

Then a C-T network of QRPDD was constructed simi-
larly. By considering the large number of targets, only 60
common targets in QFPDD and recommended formulas
of the first four disease stages were selected for visuali-
zation (Fig. 3). For the compounds, kaempferol, querce-
tin, luteolin, galangin, luteolin, isorhamnetin and the
degree value were all greater than 30. For the targets, the
first five were CYP1B1, ABCG2, CA7, CA4 and ESR2,
respectively.
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The hexagon on the left represents the compounds,
and the different colours from top to bottom represent
the different compounds in mild, moderate, severe,
critical and recovery stages of the disease. The right
circle represents the putative targets, the yellow repre-
sents the 58 common targets of the five disease stages,
and the orange represents 197 non-common targets.
The edges show the relationship between the com-
pounds and putative targets obtained by SEA predic-
tion. Size of the point is related to its degree value, and
the larger the value, the larger the point.

The blue hexagon represents the compound, and the
red circle points represent the 60 targets shared by
QFPDD and the recommended compound of the first
four disease stages. The rest is consistent with Fig. 2.

As shown in Fig. 4, according to the enrichment
results of pathways corresponding to the five dis-
ease stages, figure B, C and D show a large number of
enrichment pathways, while E and F are more concen-
trated. Nitrogen metabolism is presented in the first
four diseases stages, with a high enrichment rate as well
as a low p value, and the expression of arachidonic acid
metabolism in the critical disease stages was the most
obvious, indicating that formulas were more inclined
to inhibit pathogens in the critical diseases stage. Ovar-
ian steroidogenesis exists mainly in severe and critical
disease stages. For QFPDD, nitrogen metabolism, linoic
acid metabolism and steroid hormone biosynthesis
have high enrichment rate (Figure A), which is roughly
consistent with the results of mild and moderate stages.
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Figure A represents QFPDD and figure B-F represent
recommended formulas of mild, moderate, severe, crit-
ical and recovery stages of the disease, respectively. The
x axis means enrichment ratio and the y axis means the
name of KEGG pathways.

Discussion

Efficacy of TCM treatment on NCP

Generally, the clinical results of our study showed that
54 NCP patients enhanced immune ability against
COVID-19 by detecting blood samples after TCM
treatment and category of ISRD appears to shorten
patients’ hospitalization days.

Firstly, the hemogram changes of patients in this
study can reflect the efficacy of TCM treatment on
NCP in a certain extent. As a common symptom among
NCP patients, the lymphocytopenia was observed
in this study, though it was not severe. According to
recent studies on clinical characteristics of NCP, lym-
phocytopenia was one of the most common laboratory
abnormalities observed in NCP patients, and occurred
in 70.3-83.2% of patients [8, 9]. The abnormalities like
lymphocytopenia suggested that COVID-19 infection
may be associated with cellular immune deficiency [9],
thus the increase of lymphocyte during the TCM treat-
ment in this study could be regarded as a result of TCM
improving patients’ hemogram by adjusting immune
system [10].

In this study, the average hospitalization time of 54
NCP patients in moderate type was 8.96 days under the
treatment of TCM, and the length of hospital stay was
related to the TCM in category of ISRD, suggesting that
Chinese medicines could effectively shorten the patho-
logical evolution of NCP. As the pathogenesis of NCP in
Chinese medicine theory belongs to dampness and toxin,
and dampness pathogen mainly influence the digestive
function of spleen, stomach and intestine, the primary
therapeutic strategy focuses on improving digestive func-
tion for dispelling dampness pathogen.

Additionally, our study also found that abnormal diges-
tion was associated with the clinical symptoms of fever
and cough by correlation analysis, which powerfully illus-
trated the relationship of the pathogenesis of NCP with
the dysfunction of digestive system (e.g. spleen, stomach
and intestine). Therefore, our study demonstrates that
Chinese medicines with an effect of ISRD should be ben-
eficial to attenuate the pathological evolution of NCP.

Interestingly, the category of removing toxin did not
account for the predominant relation with the length of
hospital stay from the result of multiple linear regres-
sion analysis, showing the therapeutic methods were
primarily attributed to ISRD rather than removing toxin.
The results indicated the function of Chinese medicines
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on NCP treatment focus on strengthening sufficient
healthy Qi (enhancing body immune ability) instead of
dispelling pathogen (targeting against COVID-19). One
of supported evidences was that the number of leuko-
cytes, neutrophil, lymphocyte and platelet significantly
increased at the end of integrated treatment.

Pathological mechanism of anti-NCP TCM

During rescuing critical NCP patients in Wuhan, Acad-
emician Li Lanjuan’s team mentioned that it was impor-
tant to maintain patients’ intestinal microenvironment
balance, and TCM had advantages on reducing intestinal
bacterial migration to lung and secondary infection. This
view has been included into the Diagnosis and Treatment
Guideline of NCP (Edition 7) [7]. As the development
of intestine and lung originate from the same source in
embryonic stage, studies indicate that bacterial and viral
infections in lung can affect intestinal microenvironment
through the “Gut-lung axis” And vice versa, in animal
model of sepsis and acute respiratory distress syndrome,
the intestinal specific bacteria (such as bacteroides spp)
can directly transfer to lung through damaged intestinal
barrier, revealing that these two critical and high mor-
tality diseases have a common pathogenesis mechanism
[11]. Sepsis and acute respiratory distress syndrome are
also the pathological results of severe and critical NCP
patients suffering from cytokine storm, which are the
main death cause for patient [12, 13]. Previous stud-
ies have confirmed that intestinal microenvironmen-
tal disorders and imbalance of intestinal flora can cause
the occurrence and development of respiratory diseases
through the Gut-lung axis. Therefore, lung diseases can
be treated by adjusting intestinal microbiota [14, 15].

In the theoretical system of TCM, there is a doctrine
of “lung and large intestine in pair (fh& A)” Some
scholars have suggested that TCM pathogenesis of NCP
is related to the “lung-spleen-large intestine” dysfunc-
tion [10, 16, 17]. It has been discovered that Houttuynia
cordata polysaccharide (HCP), a Chinese herbal medi-
cine extract from Houttuynia cordata Thunb. can keep
the intestinal homeostasis in HIN1 virus-infected mice,
and protect the intestinal wall barrier, inhibit IL-1p pro-
duction mediated by Toll receptors, and improve the
expression of IL-10, suggesting that the effect of anti-
inflammatory damage is related to regulation of intesti-
nal microbiota. As a main active ingredient of Scutellaria
baicalensis Georgi and Coptis chinensis Franch., Berber-
ine’s bioavailability and in vivo metabolism are found to
have close relationship with intestinal organic acids and
microbiota [18, 19]. The doctrine of lung and large intes-
tine in pair in TCM theory is similar to the Gut-lung axis
in the theory of modern medicine. The most frequently
used CMs for NCP patients in our study also suggests
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channel tropism (J3¢%) of numerous CMs belongs to
lung, spleen, stomach and intestine. Therefore, CMs can
achieve the purpose of relieving and curing lung diseases
by adjusting the intestinal microenvironment balance.
Moreover, it is not only one of the mechanisms of Chi-
nese medicine treatment for NCP, but also one important
approach to screen novel Chinese medicines for treating
NCP in the future.

The network pharmacology results in this study indi-
cated that the recommended formulas in five disease
stages have both generality and individuality in the com-
pound level, in which compound quercetin, luteolin,
kaempferol, acacetin etc., all are involved in the treat-
ment of multi-stages of the disease. The target and KEGG
pathway enrichment results also show the certain integ-
rity and the different tendency of formulas. Meanwhile,
by comparing the QFPDD with the recommended for-
mula of the first four stages [20, 21], we discover that the
QFPDD has a certain integrity on the compound level.
However, on the target level, the QFPDD has covered
most of the predicted target of the recommended for-
mula of the first four disease stages, and the mutual target
from both two sources have a higher network parameter.
The KEGG pathways enrichment results about QFPDD
are consist with the effects of recommended formulas
of mild and moderate stages as well. All these results
confirmed the consistency of QFPDD with the recom-
mended formulas of the first four disease stages from the
perspective of network pharmacology.

In summary, this study suggests TCM has a systemic
theoretical understanding on the pathological evolution
of NCP (COVID-19), and the symptom positive correla-
tion between fever and abnormal digestion indicates that
researchers should pay more attention on intestinal func-
tional recovery and microenvironmental balance in the
treatment of NCP. Additionally, the network pharmacol-
ogy results demonstrate the appropriateness of theatrical
formulas for QFPDD and other recommended formulas
in guideline, for the compounds corresponding to targets
can cover various stages of the disease.

Advantages and implications of TCM utilization
As there has been no effective targeted drugs for NCP
up to now, the early intervention to NCP is important in
controlling the spread of COVID-19. According to the
Protocol for Prevention and Control of COVID-19 (Edi-
tion 6) by Chinese Center for Disease Control and Pre-
vention, the use of TCM in the prevention and treatment
of infectious diseases was encouraged and supported,
and TCM was applied in the whole process of disease [7,
22].

Numerous data have showed that the early inter-
vention of TCM and modern medicine have positive
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effects on shortening time of hospitalization and ame-
liorating symptoms, reducing the development of mild
and moderate case to severe case and the mortality
rate, improving the cure rate and the rehabilitation of
the recovery population of NCP patients [23]. A report
from Hunan province suggested that due to the increas-
ing the use of TCM for NCP, the patients’ average hos-
pitalization day was shortened for 2 days, and none of
the patients turned to critical stage [15]. A study about
34 NCP patients (mostly moderate type) from Wuhan
found satisfied efficacy of integrated use of CM and
western medicine on protecting heart, liver, kidney and
other organ functions, as well as reducing inflammatory
response and improving immune function, through the
observation of patients treated with conventional west-
ern medicine, CM decoctions, traditional Chinese pat-
ent medicines and CM injections [24, 25]. In a study on
6 cases of severe and critical NCP, the results showed
that Qufeidu No.1 Formulae (i£ft#&—577) combined
with conventional western medicine treatment, as well
as integrating Xuebijing injection (MM A{%I:47{%) and/or
Lianhua Qingwen capsule (GECIBIEIRE) significantly
improved pathological evolution of critical patients, con-
sequently all of patients recovered [26, 27].

However, there were still deficiencies of the clinical
research evidence on the integration of traditional Chi-
nese and western medicine treatment for NCP, mainly
embodying small sample size, the absence of control
group, and the diversification of treatment programs.
Therefore, constantly expanding the sample size and
employing standardized randomized controlled trial
(RCT) design will give more convincing scientific evi-
dence to demonstrate the superiority of TCM for NCP
treatment.

At present, NCP has been nearly controlled in China.
By the end of April 1st, 2020, up to 92.44% of NCP
patients have recovered in China. On March 23, the state
council information office of China reported that 74,187
confirmed COVID-19 patients (91.5% of total confirmed
cases) accepted the combined treatment with TCM and
modern medicine, and the clinical efficacy observations
showed that the total effective rate reached more than
90% [28].

As Tong Xiaolin said, practice proved the importance
of sticking to both TCM and modern approaches, and
Chinese medicine had the unique advantage in establish-
ing a collaboration mechanism between them [29]. In
summary, TCM had a definite effect on mild and mod-
erate NCP, mainly manifested in relieving symptoms and
shortening the time of virus nucleic acid turning negative
(Fig. 5). Moreover, TCM not only played a role in con-
trolling the progression of disease in the early stage, but
also comforted patients psychologically [30]. In addition,
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Fig. 5 The major advantages and key mechanisms of TCM on the treatment of NCP

TCM reduced the proportion of mild to severe cases,
which could contribute to save medical resources from
the perspective of public health.

The utilization of TCM has implications for the devel-
opment of medicines in the future. As the NCP virus
has some mutations when compared to SARS or MERS
coronavirus, the natural compounds effectiveness against
the two previous coronaviruses might not be present
in the new virus, which urges updated TCM formulas.
In this study, the anti-NCP effects of the natural com-
pounds have been mainly confirmed by the screening
method, and the treatment effect of dampness pathogen
results in the shortening of hospital stay for patients of
mild type. Thus, TCM treatment was not only effective
for the NCP patients, but also advantageous to the clini-
cal development of medicines to dampness pathogen and
lung infection diseases, which have high incidence rate of
respiratory system syndrome. Therefore, Chinese medi-
cine treatment has positive impact on infectious lung dis-
eases, as well as the development of new medicines.

Conclusion

Traditional Chinese medicine has a systemic theo-
retical understanding on the pathological evolution of
novel coronavirus pneumonia and plays a positive role

in NCP treatment according to the clinical data from
Wuhan in this study. Multiple linear regression analy-
sis shows that the TCM category of invigorating spleen
and removing dampness improved patients’ recovery,
suggesting the vitalness of regulating intestinal func-
tion and keeping microenvironmental balance in the
TCM treatment of novel coronavirus pneumonia. The
network pharmacology results demonstrate active com-
pounds from QFPDD and recommended formulas by
National Health Commission contribute to recovery of
different disease progresses during TCM treating novel
coronavirus pneumonia. Chinese medicine treatment is
advantageous in treating NCP, as well as the develop-
ment of new medicines for infectious lung diseases.

Abbreviations

Bas: Alkaline granulocytes; CM: Chinese medicine; EOS: Eosinophils; HCT: Hem-
atocrit; HGB: Hemoglobin concentration; HIS: Hospital information system;
KEGG: Kyoto encyclopedia of genes and genomes; Lym: Lymphocytes; MCH:
Average red blood cell hemoglobin concentration; MCV: Average red blood
cell volume; Mon: Mononucleosis; MPV: Average platelet volume; NCP: Novel
coronavirus pneumonia; Neu: Neutrophils; NHC: National Health Commission;
ORA: Over-representation analysis; PCT: Platelet pressure; PDW: Platelet distri-
bution width; PLT: Platelet number; QFPDD: Qingfei Paidu decoction; RBC: Red
cell count; SARS: Severe acute respiratory syndrome; SEA: Similarity ensemble
approach; TCM: Traditional Chinese medicine; WBC: White cell count.



Luo et al. Chin Med (2020) 15:34

Acknowledgements
We would like to thank Tiangi Zhang, Fan Yang and Zhuo Zhang for the prepa-
ration of documentations and assistance with the data analyses.

Authors’ contributions

YB and YZ designed the analyses. EL analyzed clinical data. DZ conducted
the network pharmacology analysis. EL, DZ and HL wrote the first draft of
the manuscript. BL, KZ,YZ, YB and YW critically reviewed the manuscript. All
authors read and approved the final manuscript.

Funding
This work was supported by the Research Fund of the University of Macau,
MYRG2019-00044-ICMS.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author on reasonable request.

Ethics approval and consent to participate

This study was reviewed and approved by the ethics committee of Institute of
Chinese Medical Sciences, University of Macau. Professor Yan Ru is the chair-
man of the committee.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests.

Author details

! State Key Laboratory of Quality Research in Chinese Medicine, Institute

of Chinese Medical Sciences, University of Macau, Macao, China. 2 The First
Affiliated Hospital of Liaoning University of Traditional Chinese Medicine,
Shenyang, China. 3 Present Address: Physician in the China Medical Treatment
Expert Group to support for Covid-19 Control in Jihe Hospital, Caidian District,
Wuhan, Hubei province, China.

Received: 23 March 2020 Accepted: 6 April 2020
Published online: 15 April 2020

References

1. Tong X, Li X, Zhao L, et al. Discussion on traditional Chinese medicine pre-
vention and treatment strategies of coronavirus disease 2019 (COVID-19)
from the perspective of “Cold-dampness Pestilence”. J Tradit Chin Med.
2020;61(06):465-70.

2. Wang Q. Manual for traditional Chinese medicine diagnosis and treat-
ment of oovel coronavirus pneumonia. Beijing. 2020.

3. WangY, QiW, MaJ, et al. Clinical features and syndrome differentiation
of novel coronavirus pneumonia in traditional Chinese medicine. J Tradit
Chin Med. 2020;61(04):281-5.

4. Xiang Q Mo Z, Song E. Traditional Chinese medicine theory and clinical
study on novel coronavirus pneumonia (NCP) infection. Herald Med.
2020;39(03):323-6.

5. YongW, Feng C, Zhang L, et al. Analysis of 4 cases of COVID-19 treated by
integrated traditional Chinese and western medicine in Gansu. Shanghai
JTradit Chin Med. 2020;54(03):21-4.

6. LiuB,Weng W, Hu J, et al. Analysis of the clinical efficacy of the combina-
tion of traditional Chinese and Western medicine in the treatment of
severe acute respiratory syndrome: a multicenter controlled trial of 524
cases, in Excellent thesis of traditional Chinese Medicine. 2009: 653-662.

7. National Health Commission, P Diagnosis and treatment guideline of
novel coronavirus pneumonia (Edition 7). China. 2020.

8. GuanW, Ni Z HuY, et al. Clinical characteristics of coronavirus disease
2019 in China. N Engl J Med. 2020. https://doi.org/10.1056/NEJM0a2002
032.

9. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan
China. JAMA. 2019,2020:1538-3598.

Page 13 of 13

10. XiaW, An C, Zheng C, et al. Clinical observation on 34 patients with novel
coronavirus pneumonia (COVID-19) treated with intergrated traditional
Chinese and western medicine. J Tradit Chin Med. 2020;61(05):375-82.

11. Zhou Z, Zhu C, Zhang B. Study on medication regularity of traditional
Chinese medicine in treatment of novel coronavirus pneumonia
based on data mining. China J Chin Materia Medica. 2020. https://doi.
0rg/10.19540/j.cnki.cicmm.20200220.502.

12. Wang Y, Qiu M, Pei H, et al. Analysis on the prescription and medication
law of traditional Chinese medicine against the novel coronavirus pneu-
monia. World Chin Med. 2020: 1-4.

13. Cao X, Liu Z Li X, et al. Analysis on the medication rule of TCM program
for prevention and treatment of novel coronavirus (2019-nCoV) in all
provinces of China based on data mining. Beijing J Tradit Chin Med. 2020:
1-10.

14. RenW, Su J, LiuY, et al. Analysis on diagnosis and treatment scheme of
traditional Chinese medicine in treatment of COVID-19 in Chinese prov-
inces and regions. Chin Tradit Herbal Drugs. 2020;51(05):1139-46.

15. Huang H, Xiao W, Wang Y, et al. Analysis report on traditional chinese
medicine effectiveness in COVID-19 patients in Hunan Province. J Hunan
Univ Chin Med. 2020;40(03):255-8.

16. ShiJ,Yang Z, Ye C, et al. Clinical observation on 49 cases of non-critical
coronavirus disease 2019 in Shanghai treated by integrated traditional
Chinese and western medicine. Shanghai J Tradit Chin Med. 2020. https
://doi.org/10.16305/j.1007-1334.2020.04.095.

17. Dickson RP, Singer BH, Newstead MW, et al. Enrichment of the lung
microbiome with gut bacteria in sepsis and the acute respiratory distress
syndrome. Nat Microbiol. 2016;1(10):16113.

18. Peng B,Wang S, GaoT, et al. Treatment of the new coronavirus pneumo-
nia caused by inflammatory storm from the perspective of dampness
toxin complicated by wind. World Chin Med. 2020;03:1-7.

19. Budden KF, Gellatly SL, Wood DL, et al. Emerging pathogenic links
between microbiota and the gut-lung axis. Nat Rev Microbiol.
2017;15(1):55-63.

20. Imran M, Salehi B, Sharifi-Rad J, et al. Kaempferol: a key emphasis to its
anticancer potential. Molecules. 2019;24(12):277.

21. Elfakil, Mir R, Almutairi FM, et al. Cytochrome P450: polymorphisms and
roles in cancer, diabetes and atherosclerosis. Asian Pac J Cancer Prev.
2018;19(8):2057-70.

22. Chinese Center for Disease Control and Prevention, P, Protocol for pre-
vention and control of COVID-19 (Edition 6). Beijing. 2020.

23. Cheng Q, Gao S, Yu C. Research progress of traditional Chinese and
Western medicine on prevention and treatment of new coronavirus
pneumonia. Tianjin J Tradit Chin Med. 2020: 1-6.

24. Wang R, Yang S, Xie C, et al. Clinical observation of gingfeipaidu decoc-
tion in the treatment of novel coronavirus pneumonia. Pharmacol Clinics
Chin Materia Medica. 2020. https://doi.org/10.13412/j.cnki.zyyl.20200
303.002.

25. Xu D, XuY,Wang Z, et al. Mechanism of Qingfeipaidu decoction on
COVID-19 based on network pharmacology. Pharmacol Clin Chin Materia
Medica. 2020. https://doi.org/10.13412/j.cnki.zyyl.20200305.001.

26. Wang C,Wu'S, Jiang L, et al. Comprehensive analysis of TCM diagnosis
and treatment schemes for COVID-19 in all regions of China. Moderniza-
tion of Traditional Chinese Medicine and Materia Medica-World Science
and Technology, Feb 2020. p. 1-7.https://kns.cnki.net/KCMS/detai
1/11.5699.R.20200225.1702.006.html

27. Yang J, SuW, Qiao J, et al. Analysis of traditional Chinese medicine
syndromes and physical fitness in 90 patients with common new coro-
navirus pneumonia. J Tradit Chin Med. 2020. p. 1-4. https://kns.cnki.net/
KCMS/detail/11.2166.R.20200221.1513.004.html

28. The state council information office, P, Transcript of press conference in
March 23, 2020. p. 2020.

29. Finance C.Three latest results of new crown treatment. 2020.

30. News CY, Let traditional Chinese medicine be used in the war with
COVID-19. 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.19540/j.cnki.cjcmm.20200220.502
https://doi.org/10.19540/j.cnki.cjcmm.20200220.502
https://doi.org/10.16305/j.1007-1334.2020.04.095
https://doi.org/10.16305/j.1007-1334.2020.04.095
https://doi.org/10.13412/j.cnki.zyyl.20200303.002
https://doi.org/10.13412/j.cnki.zyyl.20200303.002
https://doi.org/10.13412/j.cnki.zyyl.20200305.001
https://kns.cnki.net/KCMS/detail/11.5699.R.20200225.1702.006.html
https://kns.cnki.net/KCMS/detail/11.5699.R.20200225.1702.006.html
https://kns.cnki.net/KCMS/detail/11.2166.R.20200221.1513.004.html
https://kns.cnki.net/KCMS/detail/11.2166.R.20200221.1513.004.html

	Treatment efficacy analysis of traditional Chinese medicine for novel coronavirus pneumonia (COVID-19): an empirical study from Wuhan, Hubei Province, China
	Abstract 
	Background: 
	Methods: 
	Result: 
	Conclusion: 

	Background
	Methods
	Study population
	Statistical analysis
	Network pharmacology analysis

	Results
	Theoretic base of TCM comprehension on NCP
	Characteristics of patients and TCM utilization
	Clinical effect of TCMs treatment
	Network pharmacology of QEPDD and NHC-recommended formulas

	Discussion
	Efficacy of TCM treatment on NCP
	Pathological mechanism of anti-NCP TCM
	Advantages and implications of TCM utilization

	Conclusion
	Acknowledgements
	References




