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a b s t r a c t
The recent coronavirus disease 2019 (COVID-19) pandemic outbreak has caused a serious global health
emergency. Supporting evidence shows that COVID-19 shares a genomic similarity with other coronaviruses, such as severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory
syndrome coronavirus (MERS-CoV), and that the pathogenesis and treatment strategies that were applied
17 years ago in combating SARS-CoV and other viral infections could be taken as references in today’s
antiviral battle. According to the clinical pathological features of COVID-19 patients, patients can suffer
from five steps of progression, starting with severe viral infection and suppression of the immune system
and eventually progressing to cytokine storm, multi-organ damage, and lung fibrosis, which is the cause
of mortality. Therefore, early prevention of disease progression is important. However, no specific effective drugs and vaccination are currently available, and the World Health Organization is urging the development of novel prevention and treatment strategies. Traditional Chinese medicine could be used as an
alternative treatment option or in combination with Western medicine to treat COVID-19, due to its basis
on historical experience and holistic pharmacological action. Here, we summarize the potential uses and
therapeutic mechanisms of Chinese herbal formulas (CHFs) from the reported literature, along with
patent drugs that have been recommended by institutions at the national and provincial levels in
China, in order to verify their scientific foundations for treating COVID-19. In perspective, more basic
and clinical studies with multiple high-tech and translational technologies are suggested to further confirm the therapeutic efficacies of CHFs.
Ó 2020 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Since December 2019, an epidemic of coronavirus disease 2019
(COVID-19) has spread rapidly around the world, alarming international health emergency experts [1–4]. The number of infection
cases continues to rise due to the high infectivity of the virus,
resulting in ongoing mortality. At present, there is still a lack of
approved effective drugs or vaccination for this disease. Under
these urgent circumstances, a large number of COVID-19 patients
in China have received traditional Chinese medicine (TCM) treatment during different stages of the disease, with observable positive treatment outcomes [5]. Although basic and clinical research
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evidence might not align with the factual outcomes at present,
the value of TCM is worth further investigation and utilization.
Typical clinical features of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)-infected patients are fever, fatigue,
cough, and acute pneumonia, which are similar to the symptoms
caused by human severe acute respiratory syndrome coronavirus
(SARS-CoV) [4,6,7]. The current epidemic is due to SARS-CoV-2
infection, which spreads through the respiratory tract and transmit
through contact. The virus is highly contagious and the global population is generally susceptible. According to TCM theory, the etiology of COVID-19 is the feel of the pattern expression of qi within
the basic theory of TCM. COVID-19 is considered to be a kind of
strong contagious external evil in TCM. Therefore, the New Coronavirus Pneumonia Diagnosis and Treatment Program [5] points out
that this disease can be categorized as plague in TCM, with the etiology of epidemic factor exposure. The disease is located in the
lungs, and the basic pathogenesis is characterized by dampness,
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and summarize the potential uses and treatment mechanisms of
CHM from the reported literature, along with patent drugs recommended by institutions at the national and provincial levels in
China.

heat, toxicity, and blood stasis. The clinical treatment period of
TCM is divided into five stages: mild case (cold-damp constraint
in the lung pattern, damp-heat accumulation in the lung pattern),
moderate case (damp-toxin constraint in the lung pattern, colddamp obstructing the lung pattern), severe case (epidemic toxin
blocking the lung pattern, blazing of both qi and yin pattern), critical case (internal blockage and external desertion pattern), and
convalescence (lung-spleen qi deficiency pattern, deficiency of
both qi and yin pattern). From the Western point of view, by using
genomic sequencing, it was found that COVID-19 has a high similarity to bat coronaviruses and shares a high sequence identity
with SARS-CoV [8,9]. The pathological features of COVID-19 are
also similar to those of SARS-CoV infection, while the entry of
SARS-CoV-2 into cells is mediated by the interaction between spike
glycoprotein (S protein) and the cellular receptor angiotensinconverting enzyme 2 (ACE2) [10–12]. Several important drug targets for the treatment of coronaviruses have been identified in previous studies on SARS-CoV and Middle East respiratory syndrome
coronavirus (MERS-CoV), such as S protein, ACE2, transmembrane
protease serine 2 (TMPRSS2), coronavirus main proteinase
(3CLpro), ribonucleic acid (RNA)-dependent RNA polymerase
(RdRp), and papain-like protease (PLpro) [13–16].
The major challenges of this new infectious disease include a
poor understanding of the pathogenesis and treatment methods;
furthermore, some patients show mild syndromes or even no syndrome but are still highly infectious [17]. Other patients will
quickly progress to a severe/critical condition; yet there are still
no effective drugs to relieve the condition. Many COVID-19
patients suffer from five steps of progression: first, severe viral
infection, followed by suppression of immune system; then, when
transitioning from a mild to a severe condition, they suffer from
cytokine storm, resulting in multi-organ damage and dysfunction.
Under a strong host immune response, the disease also causes
complex adverse effects, with overall damage of multiple organs
and lung fibrosis [1,3,7,18–20].
Due to the similarities between SARS-CoV infection and COVID19 infection, the treatment strategy of SARS-CoV infection using
Chinese herbal medicine (CHM) that was used 17 years ago might
provide insights to overcome today’s crisis. In particular, in the
absence of specific effective Western medicine, the use of CHM
should be treated as an important alternative. In addition, CHM
has been extensively applied in China to combat COVID-19, and
its efficacy and value have been admitted and documented in the
COVID-19 diagnosis and treatment protocol of China (the seventh
edition of the trial operation of China’s COVID-19 treatment protocol) [5].
The therapeutic mechanisms of CHMs work both similarly to
and differently from conventional Western medicine, by directly
intervening against the virus, viral-host interactions of viral cells,
molecular targets, host receptors, signaling pathways, and microecologies to exert a direct antiviral function. At the same time,
CHMs may act on the body’s immune system to generate a holistic
effect, protecting human tissues and organs and thereby enhancing
the body’s ability to resist viruses and immune damage [21,22], as
CHMs are often composed of a variety of chemical ingredients that
can act on multiple pathological pathways. In fact, Western medicine is not solely dependent on a single drug for treatment. Sometimes, in order to achieve comprehensive efficacy, Western
medicine will also rely on combinational treatments and methods.
For example, in COVID-19 treatment, the recommended treatment
includes the application of a combination of antiviral drugs, interleukin (IL)-6 inhibitors, interferon (IFN)-c, immune enhancers,
oxygen delivery, and supportive therapies. Thus, Western medicine
and TCM may achieve therapeutic outcomes through multidimensional common pathways and targets in the different stages of
COVID-19 patients (Fig. 1). The current article aims to analyze

2. Pathogenesis of COVID-19 and the treatment mechanism of
CHM
A summary of the pathogenesis and therapeutic intervention
mechanisms of CHM against COVID-19 is provided in Table 1
[21,23–53]. According to the current network of pharmacology
research and a few in vitro experiments, the mechanism of CHM
on COVID-19 is multi-component, multi-target, and multipathway. The main mechanisms are direct anti-virus action, antiinflammation, immune regulation, and the protection of target
organs [54,55]. A TCM is a complex compound that contains
polysaccharides, flavonoids, saponins, alkaloids, and other ingredients with pharmacological activity.
2.1. Antiviral activity targeting SARS-CoV-2 and its host receptor ACE2
SARS-CoV-2 is an enveloped, single-stranded, positive-sense
RNA beta coronavirus. The S protein on the surface of SARS-CoV2 induces the attachment and invasion of SARS-CoV-2 to the host
cells by recognizing the ACE2 receptor [15]. The invaded virus then
takes control of the host cell’s genetic reproduction tools to create
new virus RNA with RdRp; synthesizes glycoproteins by the host
ribosome, which are cleaved to non-structural proteins and structural proteins (S proteins) by virus proteinases (3CLpro and PLpro);
and assembles new viral particles to be released to infect other
host cells [56,57]. Therefore, the ACE2 receptor, RdRp, spike protein, 3CLpro, and PLpro are essential in the invasion and replication
of SARS-CoV-2, and could be potential targets for the treatment of
COVID-19 by CHM [31,58]. The etiology of COVID-19 is that SARSCoV-2 spreads through the respiratory tract, infects the lungs,
causes pneumonia, and produces inflammatory factors; the virus
replicates and releases in host cells, circulates in the blood, binds
to ACE2 on the surface of multiple organs in the body, disrupts
the balance of the RAS signal pathway, and causes damage to multiple organs throughout the body. The virus can also cause an
excessive immune response in the body, resulting in an inflammatory storm, which further aggravates the disease. Inflammation in
the lungs causes a large number of secretions that block the airway
and exacerbate the body’s hypoxia.
The potential therapeutic effect of TCM is to directly inhibit the
adsorption of the virus to host cells and its replication by binding
to the ACE2 receptor and 3CLpro. In a review by Hao et al. [23],
the researchers noted that CHM might be used as a complementary
and alternative approach to the primary and secondary prevention
of cardiovascular disease. The cardiovascular protective actions of
CHM have been mainly ascribed to their antioxidant, antiinflammatory, and anticytotoxic effects [23,59]. The heart is an
ACE2-rich organ, so we speculate that the protective mechanism
of CHM on the heart is also related to blocking the contact of virus
with ACE2 target. For example, Reduning injection is used to treat
severe cases of COVID-19. This injection contains Salvia miltiorrhiza. Tanshinone from Salvia miltiorrhiza is a representative example of terpenoids with cardiovascular protective effects in CHM.
Therefore, we hypothesize that the tanshinone in Reduning injection is an active ingredient in the treatment of COVID-19 to protect
target organs.
In addition, Lianhua Qingwen capsule has been shown to significantly and dose-dependently inhibit the replication of SARS-CoV-2
(half maximal inhibitory concentration (IC50): 411.2 lgmL 1) in
2
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Fig. 1. Therapeutic targets and potential treatment strategies for COVID-19. SARS-CoV-2 infects airway epithelial cells through interactions with the transmembrane enzyme
ACE2. Blocking human ACE2 protein may be a promising therapeutic agent for patients with the virus. Once SARS-CoV-2 enters the cell, the infected cells undergo cell death
and release virus particles together with intracellular components, which trigger the inflammatory response. Antiviral agents such as inhibitors of RNA polymerase and
protease inhibitors are potential therapeutic strategies. Subsequently, the surge of pro-inflammatory cytokines and dysregulation of the redox balance causes edema and
damages capillary and lung tissue, even leading to acute respiratory distress syndrome (ARDS); exacerbation of lung injury also increases the risk of lung fibrosis. Drugs
inhibiting the pro-inflammatory cytokines, such as tocilizumab (an inhibitor of IL-6) are recommended in the cytokine storm phase of the disease, and modulators of the
redox state may be used to restore the redox balance. When other organs, such as liver, kidney, heart, and spleen, are flooded with inflammatory cytokines and chemokine,
organ failure ensues, with fatal consequences. Extracorporeal membrane oxygenation (ECMO) has a role in the treatment of severe COVID-19 at this stage. RBD: receptorbinding domain; TGF: transforming growth factor; ROS: reactive oxygen species; RNS: reactive nitrogen species; ALT: alanine aminotransferase; AST: aspartate transaminase;
BUN: blood urea nitrogen; BNP: B-type natriuretic peptide; cTnI: cardiac troponin I; cTnT: cardiac troponin T.

in vitro and in vivo as a potent inducer of IFN- c in major IFN-cproducing cells [25]. L-methylephedrin, L-ephedrine, and Dpseudo-ephedrine (Ephedrae Herba) inhibited the replication of
influenza A virus in vitro and protected virus-infected mice by
adjusting the host’s Toll-like receptors (TLRs) and retinoic acid
inducible gene-1 (RIG-1) pathways [26]. Patchouli alcohol significantly inhibited the in vitro multiplication of different influenza
virus A strains and may block influenza virus A infection by inactivating virus particles directly and interfering with the early stages
after virus adsorption through cellular phosphatidylinositol 3kinase (PI3K)/protein kinase B (Akt), and extracellular signalregulated kinases (ERK)/mitogen-activated protein kinase (MAPK)
signaling pathways [27].

Vero E6 cells infected by SARS-CoV-2 [32]. The water extract of
Houttuyniae Herba exhibited a significant inhibitory effect on
SARS-CoV 3CLpro and RdRp [28]. Network pharmacology analysis
also showed that the major active compounds contained in Qingfei
Paidu decoction and Huoxiang Zhengqi oral liquid, such as patchouli alcohol (Pogostemonis Herba), saikosaponin B (Bupleuri Radix),
ergosterol (Polyporus), shionone (Asteris Radix et Rhizoma), 23acetate alisol B (Alismatis Rhizoma), licorice glycoside E, kaempferol, (2R)-7-hydroxy-2-(4-hydroxyphenyl) chroman-4-ketone,
quercetin, isorhamnetin (Glycyrrhizae Radix et Rhizoma), naringenin
(Citri Reticulatae Pericarpium), robinin (Platycodi Radix), and irisolidone (Pogostemonis Herba), could bind to 3CLpro, while patchouli
alcohol, tussilagone (Farfarae Flos), ergosterol, asarinin (Asari Radix
et Rhizoma), ephedrine hydrochloride (Ephedrae Herba), shionone
(Asteris Radix et Rhizoma), quercetin, isorhamnetin, and irisolidone
could bind to ACE2 receptor, thus blocking SARS-CoV-2 virus invasion and replication [29,30]. In addition, herbacetin (Rhodiolae
Crenulatae Radix et Rhizoma), rhoifolin, apigenin, luteolin (Citri
Reticulatae Pericarpium), quercetin, daidzein, puerarin (Puerariae
Radix), and kaempferol were reported to inhibit the proteolytic
activity of SARS-CoV 3CLpro [31]. Moreover, many active components of CHMs used to treat COVID-19 showed significant antiviral
effect against influenza virus, which could contribute to their effect
in controlling COVID-19. For example, wogonin (Scutellariae Radix)
effectively suppressed both influenza A and B virus replication in
Madin–Darby canine kidney (MDCK) cells and human lung epithelial (A549) cells via modulation of adenosine monophosphate
(AMP)-activated protein kinase (AMPK) pathways [24]. Baicalin
(Scutellariae Radix) exhibited anti-influenza virus A (H1N1) activity

2.2. Suppressing pro-inflammatory cytokines to block cytokine storm
Accumulating evidence reveals that a cytokine storm occurs in
severe COVID-19 patients, in which the cytokine levels of IL-1B,
IL-1RA, IL-6, IL-7, IL-8, IL-9, IL-10, fibroblast growth factor (FGF),
granulocyte macrophage colony stimulating factor (GM-CSF), IFNc, granulocyte colony stimulating factor (G-CSF), IFN-c-inducible
protein (IP)-10, monocyte chemoattractant protein (MCP)-1,
macrophage inflammatory protein-1 a (MIP1A), platelet-derived
growth factor (PDGF), tumor necrosis factor (TNF)-a, and vascular
endothelial growth factor (VEGF) significantly increased [60,61].
IL-6 elevation was significant in critically ill or non-survival
patients [2,62–64]. Anti-inflammatory treatment—including glucocorticoids, Tocilizumab (recombinant human IL-6 monoclonal antibody), Baricitinib (Janus Kinase (JAK) inhibitor), chloroquine, and
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Table 1
Summary of the pathogenesis of COVID-19 and therapeutic mechanisms of CHM.
Disease

Pathogenesis

Chinese herbal formulas and active
components

Targets and signaling pathways

Reference

Severe viral
infection

Virus replication

Lianhua Qingwen formula, Wogonin
(Scutellariae Radix), Baicalin (Scutellariae
Radix), L-methylephedrin, L-ephedrine
and D-pseudo-ephedrine (Ephedrae
Herba), and patchouli alcohol
(Pogostemonis Herba)

[23–27]

Viral RNA synthesis
Virus invasion

Houttuyniae Herba
Qingfei Paidu decoction and Huoxiang
Zhengqi oral liquid, patchouli alcohol,
tussilagone (Farfarae Flos), ergosterol,
asarinin (Asari Radix et Rhizoma),
ephedrine hydrochloride (Ephedrae
Herba), shionone (Asteris Radix et
Rhizoma), quercetin, isorhamnetin
(Glycyrrhizae Radix et Rhizoma), and
irisolidone (Pogostemonis Herba)
Houttuyniae Herba, Qingfei Paidu
decoction and Huoxiang Zhengqi oral
liquid, patchouli alcohol (Pogostemonis
Herba), saikosaponin B (Bupleuri Radix),
ergosterol (Polyporus), shionone (Asteris
Radix et Rhizoma), 23-acetate alisol B
(Alismatis Rhizoma), licorice glycoside E,
kaempferol, (2R)-7-hydroxy-2-(4hydroxyphenyl) chroman-4-ketone,
quercetin, isorhamnetin (Glycyrrhizae
Radix et Rhizoma), naringenin (Citri
Reticulatae Pericarpium), robinin (Platycodi
Radix) and irisolidone (Pogostemonis
Herba), herbacetin (Rhodiolae Crenulatae
Radix et Rhizoma), rhoifolin, apigenin,
luteolin (Citri Reticulatae Pericarpium),
quercetin, daidzein, and puerarin
(Puerariae Radix)

Inhibiting SARS-CoV-2, SARS-CoV,
influenza A and B virus replication,
inducing IFN-c, modulating Toll-like
receptors (TLRs), retinoic acid inducible
gene-1 (RIG-1), adenosine
monophosphate (AMP)-activated protein
kinase (AMPK), phosphatidylinositol 3kinase (PI3K)/protein kinase B (Akt), and
extracellular signal-regulated kinases
(ERK)/mitogen-activated protein kinase
(MAPK) pathways
Inhibiting SRAS-CoV RdRp
Binding to ACE2 receptor

Viral protein proteins and particle
assembly

Inflammation and
cytokine storm

Virus-infected alveolar cells release
signals to recruit and activate immune
cells, which secrete a variety of cytokines
and chemokines and destroy the virus by
releasing inflammatory mediators or
phagocytosis. The excessive immune
response initiates a ‘‘cytokine storm” that
causes damage of lung tissue and
exacerbation of pneumonia

Lianhua Qingwen capsule, Lonicerae
Japonicae Flos, Platycodin D (Platycodi
Radix), and Moutan Cortex Radicis
Lonicerae Japonicae Flos
Platycodin D (Platycodi Radix)
Platycodin D (Platycodi Radix) and Moutan
Cortex Radicis
Platycodin D (Platycodi Radix) and Moutan
Cortex Radicis
Polysaccharides of Pinelliae Rhizoma

[28]
[29,30]

Binding to 3CLpro and inhibiting the
proteolytic activity of SARS-CoV 3CLpro

[28–31]

Suppressing pro-inflammatory cytokines
production

[32–35]

Enhancing anti-inflammatory cytokines
production
Suppressing apoptosis
Strengthening antioxidant

[33]
[34]
[34,35]

Protecting host against acute lung injury

[34,35]

Regulating IL-4 and IFN-c

[36]

Prevention of
pulmonary
fluids and
obstruction

Acute lung inflammation increases the
permeability of lung endothelial and
epithelial barriers, impairs alveolar fluids
clearance mechanisms, causes edema,
blocks airways, and leads to hypoxia

Asteris Radix, Fritillaria cirrhosae Bulbus,
Trichosanthis Fructus, Eriobotryae Japonicae
Folium, Polysaccharides of Pinelliae
Rhizoma, and verticine

Dispelling phlegm and relieving cough,
inhibiting mucus secretion in human
airway epithelial cells

[36–39]

Multi-organ
dysfunction

ACE2 receptor attack, immune destruction

Activation of the airway inflammatory
pathway

Xiyanping injection (Andrographolide
sulfonate)

Over-secretion of inflammatory cytokines

Xuebijing injection (Carthamus tinctorius,
Ligusticum wallichii, and Salvia
miltiorrhiza)

Boosting the immune system, relieving
diuresis, anti-oxidation and inflammation
Replenishing qi–yin deficiency, promoting
organ and tissue regeneration and
recovery
Ameliorating airway inflammatory cell
recruitment and inhibiting nuclear factor
(NF)-j B and MAPK-mediated
inflammatory responses
Suppressing inflammatory cytokine
secretion

[40]

Qi deficiency

Astragalus and Angelica, Rheum and its
components, and triptolide
Codonopsis Radix and Panax ginseng
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Table 1 (continued)
Disease

Pathogenesis

Chinese herbal formulas and active
components

Targets and signaling pathways

Reference

Lung fibrosis

Induction of lipogenesis

Naringenin

[44]

Wnt signaling activation

Morusin

Transforming growth factor (TGF)-b and
integrin activation

Yupingfeng formula (Astragalus and
Atractylodes macrocephala)

Tissue damage due to viral binding to
ACE2
p38 MAPK activation

Tanshinone IIA

Activation of ECM

Honokiol

Induction of reactive oxygen Species and
protein oxidation

Resveratrol and berberine

Inhibiting autophagy and suppressing
lung inflammation and fibrosis
Alleviating mycoplasma pneumonia via
the inhibition of Wnt/b-catenin and NFjB signaling
Blocking fibroblast activation, collagen
production, and extracellular matrix
(ECM) degradation signaling pathway
Attenuating bleomycin-induced
pulmonary fibrosis via modulating ACE2
Inhibiting phosphorylated p38 mitogenactivated protein kinase and blocking
fibroblast activation and collagen
production
Inhibiting ECM and pro-inflammatory
factors
Acting as reactive oxygen species (ROS)
scavenger, maintaining redox balance and
preventing of protein oxidation

Oxymatrine

[45]

[46]

[47]
[48]

[49,50]
[51–53]

with severe illness may develop dyspnea and hypoxemia, and
quickly progress to acute respiratory distress syndrome (ARDS)
[63], requiring mechanical ventilation. The pathophysiology of
ARDS is complex and involves acute lung inflammation that
increases the permeability of lung endothelial and epithelial barriers, impairs the alveolar fluid clearance mechanism, causes edema,
and blocks airways, resulting in hypoxia [66]. The recommended
CHMs and their active components not only suppress lung inflammation and slow down cytokine storm, but also reduce lung
epithelial secretion and thereby prevent pulmonary obstruction.
For example, extracts of Asteris Radix, Fritillaria cirrhosae Bulbus,
Trichosanthis Fructus, or Eriobotryae Japonicae Folium, which have
been used in CHMs for more than 1000 years to dispel phlegm
and relieve cough, and their active component verticine demonstrated
significant
expectorant,
antitussive,
and
antiinflammatory effects [37–39]. CHM has been reported to act on
the lungs to reduce the exudation of alveolar cells and vascular
epithelial cells, thereby alleviating airway obstruction by secretions and fibrosis. This is also a possible reason why CHM can
improve the hypoxic state of patients with new coronary pneumonia. These factors may also contribute to the low rate of mild
COVID-19 patients becoming severe and critically ill cases within
the treatment group of patients in China who received integrative
therapy of Chinese and Western medicine.

hydroxychloroquine—has been employed in clinics and was shown
to be effective in reducing fever and the exacerbation of pneumonia,
promoting the absorption of pneumonia, obtaining better oxygenation, improving lung imaging findings, and increasing the negative
rate of virus nucleic acid testing [65]. Compelling evidence has
revealed that, when used to treat COVID-19, CHMs and their active
ingredients can suppress pro-inflammatory cytokines and thus
relieve cytokine storm in COVID-19 patients. Li et al. [32] showed
that Lianhua Qingwen capsule markedly reduced the production
of TNF-a, IL-6, C–C motif chemokine ligand (CCL)-2/MCP-1, and
chemokine (C–X–C motif) ligand (CXCL)-10/IP-10 in a
concentration-dependent manner in SARS-CoV-2-infected Huh-7
cells at the messenger RNA (mRNA) level. Ethanol extract of Lonicerae Japonicae Flos increased nuclear specificity protein 1 (Sp1)
binding activity and thereby enhanced the expression of IL-10,
while decreasing nuclear factor (NF)-jB binding activity and
thereby inhibiting the expression of TNF-a, IL-1b, and IL-6 in acute
lung inflammation induced by lipopolysaccharide (LPS) in mice
[33]. Platycodin D (Platycodi Radix) improved the acute lung injury
induced by LPS or bleomycin by suppressing apoptosis (Caspase-3
and Bax down-regulated) and inflammation (decreased TNF-a, IL6, and NF-jB) and strengthening anti-oxidation (decreased
myeloperoxidase (MPO) activity and improved superoxide dismutase activity) [34]. Extract of Moutan Cortex Radicis also improved
LPS-induced acute lung injury in rats by reducing IL-1b, MIP-2, IL6, and MOP activity [35]. Polysaccharides of Pinelliae Rhizoma
exhibited significant suppression of LPS-induced airway inflammation by regulating levels of IL-4 and IFN-c and inhibiting mucus
secretion in human airway epithelial human lung carcinoma cell
292 (NCI-H292) cells [36]. It has been reported that quercetin,
kaempferol, luteolin, isorhamnetin, baicalein, naringenin, and
wogonin could be the main active ingredients of CHM for the management of COVID-19 by inhibiting inflammatory mediators, regulating immunity, and eliminating free radicals. These ingredients
target IL-17, arachidonic acid, HIF-1, NF-jB, RAS, and TNF through
cyclooxygenase-2 (COX-2), caspase-3 (CASP3), IL-6, MAPK1,
MAPK14, MAPK8, and RelA in the signaling pathways [54].

2.4. Protecting lungs and multiple organs from damage
It was reported that COVID-19 patients with comorbidities and
the elderly have a higher death rate, as these patients have a
greater possibility of developing multi-organ failure and then progressing into critical condition. One of the major reasons causing
SARS-CoV-2 infection to be lethal is multi-organ dysfunction, since
SARS-CoV-2 attacks not only the lung tissues, but also many key
organs of the body, such as the heart, kidneys, and testes, and is
broadly distributed in the lung, liver, colon, and brain as well
[1,13,16,17,19,67]. These key organs express a high level of ACE2,
which becomes a target of SARS-CoV-2 attack [14]. Most hospitalized COVID-19 patients show the typical characteristics of groundglass opacity and bilateral patchy shadowing in chest computed
tomography [40,68]. However, when the virus infects the heart
and kidneys, it binds to ACE2 and causes sudden cardiac arrest
and renal failure, which are the cause of death in most patients—
even severely ill patients that are treated in the intensive care unit

2.3. Suppressing lung inflammation to reduce lung epithelial secretion
and prevent pulmonary obstruction
Although most COVID-19 patients primarily have fever, fatigue,
and a dry cough with a favorable prognosis [61], some patients
5
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was reported to have inhibitory potency on TGF-b cell proliferation
signaling, leading to blockage of fibroblast activation and collagen
production [49]. Furthermore, naringenin was reported to inhibit
autophagy to suppress lung inflammation and fibrosis by attenuating ROS [74], while morusin alleviates mycoplasma pneumonia via
the inhibition of Wnt/ b-catenin and NF-jB signaling [75]. Tanshinone IIA attenuates bleomycin-induced pulmonary fibrosis via
modulation of ACE2, by preventing viral binding [50], and oxymatrine inhibits phosphorylated p38 mitogen-activated protein
kinase cell proliferation signaling [51].
Even after discharge from hospital, patients may have qi–yin
deficiency syndrome according to TCM, along with depression or
other disorders that require further treatment. Panax ginseng and
Astragalus, two Chinese medicinal herbs that are commonly used
in clinics, have been shown to be effective in preventing experimental pulmonary fibrosis, and so forth [21,22,69,70]. Honokiol
was reported to inhibit the ECM and pro-inflammatory factors,
while also relieving lung fibrosis [52,53]. Moreover, some chemical
compounds derived from CHM may act as ROS scavengers and as
drugs targeting redox imbalance in order to relieve lung inflammation and fibrosis, such as resveratrol and berberine [80–82].
In sum, by focusing on the pathogenesis of COVID-19, therapeutic targets and potential treatment strategies have been identified.
It is recommended to apply a combination of antiviral drugs, IL-6
inhibitors, IFN-c, immune enhancers, oxygen delivery, and supportive therapies for the treatment of COVID-19 patients (Fig. 1).
TCM can achieve therapeutic outcomes through multidimensional
common pathways and targets in COVID-19 patients at different
stages.

(ICU). Therefore, it is essential to reduce the viral load in the early
stage and relieve the syndromes to prevent disease progression.
When CHMs were applied early, they demonstrated effectiveness
in protecting key organs and then preventing disease progression
from mild to severe/critical condition. For example, Astragalus,
Angelica, Rheum officinale, and their components (emodin, rhein,
and triptolide) have been reported to treat chronic kidney disease
by boosting the immune system and relieving diuresis, and
through anti-oxidation and anti-inflammation by the alteration
of T helper cell 17 (Th17) and Th17/regulatory T-cell ratios [44].
Codonopsis Radix and Panax ginseng can be applied to patients with
qi deficiency in critical condition, and promote cellular autophagy
and glucose metabolic pathways [21,22,69]. Xiyanping injection,
with its active component of andrographolide sulfonate, ameliorates airway inflammatory cell recruitment and then inhibits NFjB and MAPK-mediated inflammatory responses, where NF-jB is
a major transcriptional factor that can stimulate inflammation
[42]. Furthermore, Xuebijing injection (Carthamus tinctorius,
Ligusticum wallichii, and Salvia miltiorrhiza) suppressed inflammatory cytokine secretion and then replenished qi [43]. Although
these CHMs do not directly target ACE2, they can holistically
relieve the syndromes of patients, increase their comfort level,
and prevent further disease progression [70].
2.5. Preventing lung fibrosis
Based on past experience with SARS-CoV infection and recent
reports on COVID-19, although the death rate of COVID-19 is not
high, many patients suffer from long-term lung function damage.
Severe patients usually develop acute viral infection, severe
inflammation, alveolar epithelial cell (AEC) injury, fibroblast activation, collagen production, extracellular matrix (ECM) degradation inhibition, and eventual lung fibrosis, resulting in pulmonary
obstruction and scarring on the lung tissues [71,72]. Long-term
pulmonary obstruction and the reduction of pulmonary capacity
will affect the daily activities and quality of life of COVID-19
patients after discharge. Therefore, effective prevention of lung
fibrosis and rehabilitation care are also critical challenges, while
CHM may contribute to relieve or even reverse this condition
[44,45,73]. CHMs are thus indispensable and should be promoted
for use during the rehabilitation stage. Moreover, although some
patients reach a discharge standard, such as a negative viral load
and relief of respiratory syndromes, they are usually still suffering
from qi and yin deficiency, according to TCM diagnosis.
When COVID-CoV-2 invades the respiratory tract and the lung,
the cell proliferative pathways of the lung epithelial cells are often
activated due to the demand for tissue regeneration during the
host immune defense response and inflammation. Under the
infected and inflamed conditions, the mucin (MUC)-5B, transforming growth factor (TGF)-b, p38 MAPK, integrin signaling, and Wnt
signaling pathways are activated [46,47,74–79]. COVID-CoV-2 also
causes induction of reactive oxygen species (ROS), which turns on
cell cycle regulatory genes, leading to lung fibroblast proliferation.
ROS also induce protein oxidation, which is associated with cellular damage-related inflammatory response, resulting in pulmonary
fibrosis and obstruction [48,71,72,74]. In addition, cell senescence,
mitochondrial dysfunction, and dysregulated proteostasis are
among the etiologies of pulmonary fibrosis [71,72]. Medications
that can suppress these factors may be able to prevent lung fibrosis, especially in the early stage of the disease.
Previous studies have shown that a number of Chinese medicinal herbs, CHMs, and their active components relieve lung fibrosis
under various conditions of pneumonia including SARS-CoV infection. Hence, we suggest the use of CHM in the early stage of COVID19 to block these pathways and lung fibrosis. Yupingfeng, an herbal
formula composed of Astragalus and Atractylodes macrocephala,

3. Opinions and perspectives
Under these emergent circumstances and with the current lack
of effective medication against COVID-19, integrated therapy of
Chinese and Western medicine should be adopted to treat
COVID-19 patients, with appropriate safety guidance and measures
for TCM. In TCM development, we should take our past experiences
into account and combine them with today’s innovative findings
and knowledge to fight this global antiviral battle. To make an
appropriate formulation and appropriately use CHMs, TCM doctors
should conduct a comprehensive analysis of the clinical manifestations, pattern differentiation, and individual conditions of individual patients. This will enable them to make a well-defined
prescription, in which the safe use of herbs should be given great
attention and priority, based on both literature records and modern experimental data.
According to the experiences of clinical experts such as Professor Boli Zhang and Professor Xiaolin Tong in treating COVID-19
patients in Wuhan, CHMs should be applied in the earliest possible
stage in order to achieve multidimensional therapeutic outcomes,
including slowing down or preventing the progression of the disease. TCM doctors can also prescribe different CHMs to treat
patients in different stages of the disease based on practical needs,
resulting in optimal therapeutic efficacy of the CHMs. Thus, TCM
treatment should be used throughout all the entire treatment processes to address different stages of the disease.
Key emphasis should also be placed on comparative research
of severe acute respiratory syndrome (SARS) and COVID-19; in
particular, the similarities and differences in terms of drug prescriptions should be clarified. Based on the current regulations
of the national drug agency, although SARS and COVID-19 share
similar genomic sequences, the approved prescribed drugs are
still very different. Therefore, global agreement on the specific
drugs approved for treating COVID-19 has not been reached. At
present, randomized clinical trials (RCTs) of CHMs for COVID6
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Fig. 2. Elucidating the scientific foundations of Chinese herbal formulas by multiple high-tech technologies. Multiple high-tech technologies, such as network pharmacology
and multivariate mass spectrometry analysis, could be applied to identify the formulation principles and chemical constituents of Chinese herbal formulas, so as to recognize
effective substances and prescription compatibility. Also, to uncover the therapeutic mechanisms of prescription compatibility, a multi-omics approach is recommended to
identify the multiple targets of Chinese herbal formulas in treating complex diseases. With integral analysis of big data by artificial intelligence technology, the scientific
principles and advantages of the prescription compatibility in TCM will be better elucidated.

19 treatment are still insufficient; therefore, a claim regarding
their ‘‘obvious curative effectiveness” based on clinical observations would raise academic and public concern and limit global
acceptance of TCM for treating COVID-19 patients. As such, it
is necessary to carry out additional in-depth and well-designed
clinical trials in order to further prove the efficacy of specific
prescriptions or chemicals with in-depth solid scientific
evidence. It is also essential to use multidisciplinary advanced
technologies from conventional medicine and modern science
to conduct multidimensional in-depth studies in order to identify effective substances for prescription compatibility. Research
could be conducted based on traditional formulation principles,
and then proceed to an investigation of the chemical constituents, therapeutic efficacy, and action mechanism in order
to firmly convince the public of prescription efficacy, based on
objective clinical evidence and detailed scientific data (Fig. 2).
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4. Concluding remarks
In conclusion, the treatment value of TCM for COVID-19 is fundamentally supported by the literature and by clinical experience.
CHMs have been prescribed alone or in combination with Western
medicine for COVID-19 patients in China at different stages of the
disease, and have shown positive efficacy. However, since COVID19 is a new infectious disease, its pathogenesis and treatment
could be similar to or different from other pandemic diseases that
occurred in the past, and specific effective drugs and treatments
remain a major challenge. We believe that TCM is a treasure of
humanity against disease, including the current pandemic, and
that its multidisciplinary cutting-edge technologies are powerful.
Further uncovering the scientific foundations of TCM treatments
would help us to open this treasure box. It is our sincere hope to
combat the COVID-19 pandemic by joining hands with clinicians
and scientists around the world.
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