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A B S T R A C T

SARS-CoV-2 is a novel strain, causing a global pandemic since the end of 2019. The majority of patients showed
nonspecific symptoms such as fever, dry cough, and fatigue. Most patients have a good prognosis while some
with severe conditions could rapidly progress to acute respiratory distress syndrome, septic shock, metabolic
acidosis, coagulation dysfunction, and even die. The exacerbation of the patient's condition may be due to a
cytokine storm in the body. Effective targeted therapies including antiviral and immunization are urgently
needed. Although many clinical trials are already underway and the majority of patients have received antiviral
therapy based on medication experience with severe acute respiratory syndrome (SARS) and Middle East re-
spiratory syndrome (MERS), and preliminary results from some clinical trials, there are no antiviral drugs proven
to be effective currently. We summarize the current therapeutic medicines used in the clinic, hope to be able to
provide some implications for clinical medication.

1. Introduction

In late December 2019, an outbreak of SARS-like pneumonia caused
by a novel coronavirus occurred in the Chinese city of Wuhan, which
was officially named as COVID-19 (coronavirus diseases 2019) by the
World Health Organization (WHO) later and the novel coronavirus was
designated SARS-COV-2, spreading nationwide and across the world.
On March 11th, 2020, WHO assessed that COVID-19 could be con-
sidered as a pandemic. So far, the quantity of COVID-19 diagnosed
worldwide is 132,758, and the death toll is 5420 as of March 13th,
2020 [1].

The majority of patients infected with SARS-CoV-2 showed non-
specific symptoms, fever, dry cough, fatigue, along with pneumonia
demonstrated on chest CT scan imaging, and have a mild condition with
a case fatality rate (CFR) around 2 % [2]. However, among elderly
patients and patients with chronic underlying diseases such as hy-
pertension, diabetes, there is a higher rate of transmission to the in-
tensive care unit (ICU) and mortality [3].

Given SARS-CoV-2 is a novel strain, causing a global pandemic,
effective targeted therapies are urgently needed. However, no proven
effective antiviral or immunomodulatory therapies exist for the treat-
ment of COVID-19 [4]. Most patients have received numerous poten-
tially targeted therapies as described so far based on medication

experience with severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS), which mostly belong to existing
antiviral agents approved or in development for treating infections
caused by human immunodeficiency virus (HIV), hepatitis B virus
(HBV), hepatitis C virus (HCV) and influenza, and a section of patients
have participated in ongoing uncontrolled clinical trials.

In this review, we summarize the current therapeutic medicines
used in the real world according to possible mechanisms based on
Chinese clinical experience, hoping to provide some implications for
clinical medication.

2. Antiviral therapies

2.1. Remdesivir

Remdesivir is a nucleoside analog effective against a variety of
viruses, including MERS-CoV and SARS-CoV in vitro and animal models
[5,6], and Phase III clinical trial for inhibiting Ebola virus are ongoing
[7]. Research has revealed that in vitro, remdesivir has the ability to
inhibit SARS-COV-2 recently [8]. The first COVID-19 case in the US has
improved condition and declined the viral load after treated with re-
mdesivir on illness Day 7, suggesting that remdesivir has the potential
to treat COVID-19. Recently, the results of a trial of remdesivir in the
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treatment of patients with severe COVID-19 under sympathetic medi-
cation were published. The data have shown that 68 % of severe pa-
tients have relieved symptoms after using remdesivir and the mortality

of those patients is 13 %, which is noteworthy though these findings
need to be confirmed in the ongoing randomized, placebo-controlled
trials of remdesivir therapy for COVID-19 [9]. Remdesivir is an

Fig. 1. Viral and host factors that influence the
pathogenesis of SARS-CoV-2. Bats are the re-
servoir of a wide variety of coronaviruses, in-
cluding severe acute respiratory syndrome
coronavirus (SARS-CoV) -like viruses. SARS-
CoV-2 may originate from bats or unknown
intermediate hosts and cross the species barrier
into humans. Virus-host interactions affect
viral entry and replication. Upper panel: Viral
factor. SARS-CoV-2 is an enveloped positive
single-stranded RNA (ssRNA) coronavirus.
Two-thirds of viral RNA, mainly located in the
first open reading frame (ORF 1a/b), encodes
16 non-structure proteins (NSPs). The rest part
of the virus genome encodes four essential
structural proteins, including spike (S) glyco-
protein, small envelope (E) protein, matrix (M)
protein, and nucleocapsid (N) protein, and also
several accessory proteins. S glycoprotein of
SARS-CoV-2 binds to host cell receptors, an-
giotensin-converting enzyme 2 (ACE2), that is
a critical step for virus entry. The possible
molecules facilitated membrane invagination
for SARS-CoV-2 endocytosis are still unclear.
Other virus proteins may contribute to patho-
genesis. Host factors (Lower panel) can also
influence susceptibility to infection and disease
progression. The elderly and people with un-
derlying disease are susceptible to SARS-CoV-2
and tend to develop into critical conditions.
RBD, receptor-binding domain; HR1, heptad
repeats 1; HR2, heptad repeats 2.
The pictures and notes are from Guo et al.
[83].

Fig. 2. A graphical illustration of the antiviral mechanisms of chloroquine (CQ) and hydroxychloroquine (HCQ).
The picture is come from Zhou et al. [84].
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investigational agent not commercially available, safety and efficacy
have not been established in COVID-19 patients. It is available as part of
several ongoing clinical trials for adult and nonpregnant patients, while
individual compassionate use requests are limited to pregnant women
or pediatric patients< 18 years of age with confirmed COVID-19 and
severe disease. Although there are no clear contraindications, in the
population included in clinical trials (NCT04257656, NCT04252664,
NCT04292899), people with a creatinine clearance below 30 mL per
minute and serum levels of alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) more than five times the upper limit of
the normal range were excluded. Therefore, patients with liver and
kidney function impairment should be used with caution (Fig. 1).

2.2. Chloroquine and hydroxychloroquine

Chloroquine is a drug widely used in the treatment of malaria and
autoimmune diseases [10], reported to having broad-spectrum antiviral
potential in2006 [11]. In a recent study [8], chloroquine was found to
inhibit SARS-COV-2 at low-micromolar (EC50 = 1.13 μM in Vero E6
cells), which can be clinically achievable based on experience with
rheumatoid arthritis [12]. In addition, time-of-addition assay [8] de-
monstrated that chloroquine functioned at both entry and post-entry
stages of the 2019-nCoV infection in Vero E6 cells. The antiviral activity
of chloroquine may be due to the following three ways (Fig. 2): 1. re-
duce the ACE2 receptor terminal glycosylation on the surface of cells
thus interfere with the binding of SARS-COV-2 to the ACE2 receptor
[13]; 2. increase the pH of endosomes and lysosomes to prevent the
fusion process of the virus with host cells and subsequent virus re-
plication [14,15]; 3. impede pro-inflammatory signaling activation and
production of cytokines (e.g., IL-1, IL-6, and TNF) by inhibiting lyso-
somal activity in antigen-presenting cells (APCs), interrupting binding
between toll-like receptors (TLR7 and TLR9) and their RNA/DNA li-
gands, and interfering with the interaction between cytosolic DNA and
the nucleic acid sensor cyclic GMP-AMP synthase (cGAS). The press
released from the State Council of China indicated that chloroquine
phosphate had demonstrated marked efficacy in preventing the dete-
rioration of COVID-19 related pneumonia in multicenter clinical trials
conducted in China on February 17, 2020 [16]. The latest guideline
[17] recommended for adults 18–65 years old (500 mg each time, 2
times/day lasts 7days for patients who weigh more than 50 kg, 500 mg
each time, 2 times/day lasts 2 days, and 500 mg each time, 1 time/day
lasts 5 days for patients who weigh less than 50 kg), banned for people
with underlying heart disease due to its cardiotoxicity. There are cur-
rently more than 20 clinical trials of chloroquine registered in the China
Clinical Trial Registry.

Hydroxychloroquine is an analogue of chloroquine with similar
therapeutic effects and significantly reduced toxic side effects [18].
Besides, in vitro, hydroxychloroquine exhibited better anti-SARS-CoV-2
activity than chloroquine [19]. Comprehensive treatment and man-
agement of coronavirus disease 2019: an expert consensus statement
from Shanghai [20] recommended hydroxychloroquine in an attempt of
antiviral treatment; however, no dosage recommendations were made.
Peking University Third Hospital established a physiology-based phar-
macokinetic PBPK model based on the data of the hydroxychloroquine
and chloroquine in vitro to simulate the distribution concentration of
the drug in the lung, whole blood, and plasma after different dosing
regimens. According to the results of the PBPK model, it is re-
commended that the oral loading dose of hydroxychloroquine 400 mg
bid on the first day and the maintenance dose of 200 mg bid continue to
be treated for four days. On the fifth day, the lung titer can reach more
than three times the oral chloroquine phosphate (500 mg twice daily)
[19]. This dose was subsequently confirmed in the first randomized
controlled clinical trial (ChiCTR2000029559) of hydroxychloroquine
for COVID-19, which enroll 62 patients with COVID-19 (31 received
HCQ (400 mg/d, 200 mg bid), another 31 entered the control group),
have found that after 5 days, the clinical recovery time of the

hydroxychloroquine group was significantly shortened, and the symp-
toms of fever and cough were relieved faster (p< 0.05). 81 % of pa-
tients in the hydroxychloroquine group had significantly improved
pneumonia, compared with 55 % in the control group (p< 0.05). All
patients who progressed to critical illness were in the control group.
This study affirmed the therapeutic effect of hydroxychloroquine [21].

Recently, in a clinical trial [22] involving 36 patients with COVID-
19 shown the combination of hydroxychloroquine and azithromycin
has a full and rapid viral clearance, the effects of which is better than
hydroxychloroquine alone. The mechanism by which azithromycin
enhances the efficacy of COVID-19 is unclear, but azithromycin has
previously been shown to prevent severe respiratory infections in pa-
tients infected with the virus [23]. However, Jean et al. [24] have not
observed similar results in 11 COVID-19 patients who have received the
combination therapy of hydroxychloroquine and azithromycin. Given
the trial is not an RCT, the number of cases is small, and the control
group is from other clinical centers. An expanded clinical trial with
good quality control is needed to confirm. In addition, the simultaneous
use of hydroxychloroquine and azithromycin can lead to a prolonged
QT interval and increase the risk of tip torsion arrhythmia, so careful
evaluation is required.

Due to the cardiac and retinal toxicity, acute lethal risk of chlor-
oquine and hydroxychloroquine, when chloroquine or hydroxy-
chloroquine is used, electrocardiogram monitoring should be per-
formed, and attention should be paid to changes in patients' vision and
neurological symptoms.

2.3. Favipiravir

Favipiravir (T-705) belongs to nucleoside analogs like ribavirin,
approved for the treatment of novel or re-emerging pandemic influenza
in China and Japan, effectively against multiple viruses like influenza,
Ebola, yellow fever, chikungunya, norovirus, and enterovirus [25].
Favipiravir is teratogenic and is strictly prohibited during pregnancy
and lactation [26,27]. Wang et al. reported its activity against 2019-
nCoV (EC50 = 61.88 μM in Vero E6 cells) [8], and subsequently, more
than 10 clinical trials of favipiravir for the treatment of COVID-19 has
been registered. The preliminary results from one of the clinical trials
(ChiCTR2000029600) showed that group treated with favipiravir (35
cases) has shorter median time to virus clearance (4 days vs. 11 days)
high improvement rates of chest image (91.43 % vs. 62.22 %) than
control group treated with lopinavir and ritonavir (45 cases) with sig-
nificant differences between the two groups, and adverse reactions
were lower than that in the control group. The Zhongnan Hospital of
Wuhan University initiated a multicenter, randomized, open, and po-
sitive, parallel-controlled clinical study of favipiravir in the treatment
of COVID-19 (ChiCTR2000030254), with 240 patients enrolled and
clinical treatment observations completed. The results showed that the
experimental group (treated with favipilavir, 120 cases) is significantly
better than the control group (treated with arbidol, 120 cases) in the
treatment of COVID-19. In terms of secondary indicators, the clinical
recovery rate of day 7 was significantly better in the experimental
group than in the control group, which were 71.43 % and 55.86 %,
respectively, in terms of secondary indicators, the time from randomi-
zation to fever reduction (2.5 days vs. 4.2 days), cough relief (4.57 days
vs. 5.98 days) and the rate of auxiliary oxygen therapy or noninvasive
mechanical ventilation (8.16 % vs. 17.12 %) during the trial in the
experimental group was significantly better than the control group. In
view of the good safety of favipiravir, and the drugs are available, ex-
perts have been formally recommended to be included in the guideline
as soon as possible [28].

2.4. Arbidol

Arbidol has been licensed in Russia and China against upper re-
spiratory tract infections caused by influenza A and B viruses. It is
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contraindicated in patients allergic to this product. Antiviral me-
chanism of arbidol is by inhibiting hemagglutininase, a protease on the
surface of the influenza virus that binds to sialic acid receptors on
human cells and then enters the cells through endocytosis to prevent
the influenza virus from infecting human cells. Besides, Abidol can
induce interferon production and exert a broad-spectrum antiviral ef-
fect [29]. A recent study has revealed that arbidol can inhibit SARS-
CoV-2 infection at a concentration of 10–30 μM effectively in vitro [30].
Deng et al. [31] found patients taking arbidol and LPV/r (n = 16) had
increased SARS-CoV-2 negative rate in 7-days and 14-days, and im-
proved chest CT scan compared to oral LPV/r (n = 17) only. However,
no effects of LPV/r or arbidol was found to improve symptoms or
shorten the clearance time of nucleic acid in respiratory specimens,
while there are more gastrointestinal adverse reactions comparing with
the placebo control group in a clinical trial at Shanghai Public Health
Clinical Center [32]. These contradictory results may be due to small
sizes and inconsistent timing of medications, missing the best ther-
apeutic window in part of patients. A clinical study of arbidol using for
post-exposure prophylaxis of SARS-CoV-2 in a high-risk population,
including medical staff, is in progress (ChiCTR2000029592), may pro-
viding us whether there are effects of arbidol on prevention and early
treatment. The latest guide recommends that the course of treatment
for arbidol should not exceed 10 days (200 mg/each time, 3 times/day).

2.5. Lopinavir/ritonavir

Lopinavir is approved by the Food and Drug Administration (FDA)
to treat HIV infection as a protease inhibitor, with ritonavir as a booster
by inhibiting cytochrome P450 to increase blood concentrations [33].
Lopinavir/ritonavir (LPV/r) is contraindicated for allergy to this pro-
duct, severe liver dysfunction, and drugs that are highly dependent on
CYP3A clearance and elevated plasma concentrations are associated
with acute or life-threatening reactions. A non-randomized clinical trial
showed that SARS patients treated with ribavirin combined with LPV/r
had a lower risk of ARDS and death than ribavirin monotherapy [34]. A
Korean COVID-19 patient has been found reduced viral loads and im-
proved clinical symptoms when being treated with lopinavir/ritonavir
[35], while it was not clear whether it was an effect of an antiviral drug
or natural course, or both. LPV/r has been recommended for the
treatment of COVID-19 in the latest guideline (400 mg/100 mg/each
time, 2 times/day) based on experience in SARS-CoV and MERS-CoV.
Nausea, vomiting, fat metabolism disorders, and elevated blood sugar
are common adverse reactions to LPV/r. Elderly patients with chronic
diseases such as type 2 diabetes and hyperlipidemia need close mon-
itoring of blood glucose and blood lipids. However, with the increase in
the number of clinical applications, most clinicians believe that it is not
effective, and gastrointestinal adverse reactions also occur frequently
[36], NEJM has published an article on March 18, 2020, reporting a

randomized controlled open-label clinical trial involving 199 patients
with severe COVID-19 in the China-Japan Friendship Hospital
(ChiCTR2000029308), which proves that LPV/r has no significant ef-
fect on the treatment of COVID-19 [37]. That might confirm antiviral
drugs themselves are challenging to reverse the lung injury caused by a
cytokine storm.

2.6. Ribavirin

Ribavirin, a nucleoside analog, may through multiple mechanisms
of action, including lethal mutagenesis, specific or nonspecific chain
termination, and inhibition of nucleotide biosynthesis to eliminate RNA
viruses [38]. It has been approved for the treatment of respiratory
syncytial virus (RSV) by FDA [39], and contraindicated to autoimmune
hepatitis, hemoglobin disease, impaired kidney function (creatinine
clearance below 50 mL per minute), pregnant females or males with
pregnant partners, and allergies to it [40]. Due to its broad-spectrum
antiviral effect, it was widely used in the early stages of the SARS
epidemic. However, the role ribavirin play is controversial; on the one
hand, severe side effects such as hypoxia, anemia, and decreased he-
moglobin levels are related to the use of high-dose ribavirin [41], the
other hand contradictory results from clinical observation experiments
[42–48]. In cell culture, ribavirin has an inhibitory effect on SARA-CoV-
2, but requires higher concentrations. Ribavirin is not recommended for
antiviral treatment in Diagnosis and Treatment Protocol for novel
Coronavirus disease from Military Medical Team Supporting Wuhan
(Trial Version 2), but has been included in the Guidelines for the Pre-
vention, Diagnosis, and Treatment of Novel Coronavirus-induced
Pneumonia (Trial Version 7), which recommend low-dose ribavirin
(500 mg each time, 2–3 times/day) combined with lopinavir/ritonavir
or interferon instead of monotherapy. A trial comparing effectiveness
and safety of ribavirin plus interferon-alpha, lopinavir/ritonavir plus
interferon-alpha and ribavirin plus lopinavir/ritonavir plus interferon-
alpha in patients with mild to moderate novel coronavirus pneumonia
is in progress (ChiCTR2000029387). The antiviral effect of ribavirin in
the combination of multiple drugs is not clear, and clinical trials need to
be confirmed (Table 1).

3. Immunization therapies

3.1. Interferon

The antiviral interferon system plays a critical role in the innate
immune defense in human beings. IFNs are cytokines produced by cells
when meeting viruses [49]. At present, IFNs are approved for indica-
tions such as hepatitis B, hepatitis C, and various malignancies by the
FDA. In patients infected with SARS-CoV and MERS-CoV, the IFNs
production is suppressed [50,51], Which is confirmed to be responsible

Table 1
Targeted therapeutics against COVID-19 in the Guidelines (version 7).

Medicine Method of
adminstration

Dosage Course of treatment

Ribavirin Intravenous infusion 500 mg each time, 2–3 times/day in combination with IFN-α or lopinavir/ritonavir No more than 10
days

Lopinavir/ritonavir Oral 200 mg/50 mg/capsule, 2 capsules each time, 2 times/day No more than 10
days

Abidol Oral 200 mg each time, 3 times/day No more than 10
days

Chloroquine phosphate Oral 500 mg each time, 2 times/day for patients who weigh more than 50 kg 500 mg each time, 2 times/
day lasts 2 days, and 500 mg each time, 1 times/day lasts 5 days for patients who weigh less than 50
kg

7 days

IFN-α Vapor inhalation 5 million U or equivalent dose each time, 2 times/day N/A
Corticosteroids Intravenous infusion Methylprednisolone 1−2 mg/kg/day or equivalent dose 3−5 days
Tocilizumab Intravenous infusion 4−8 mg/kg each time No more than 2

times
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for activating pro-inflammatory monocyte macrophages and cytokines
in the lungs of the SARS mouse model [52]. Effect of IFN monotherapy
or combined with ribavirin was observed in vitro and animal models if
given early in the disease [53–56]. However, in clinical trials, combi-
nation therapy with IFN did not show good curative effect and prog-
nosis [43,57–59], which might occur due to medication delay and
multiple organ damage caused by subcutaneous medications [57].
Guidelines [17] for the Prevention, Diagnosis, and Treatment of Novel
Coronavirus-induced Pneumonia (Trial Version 7) recommend inter-
feron inhalation as early as possible, which ensuring higher levels of the
drug in lung tissue and longer drug circulation time than subcutaneous
injection. It should be noted that nebulized interferon is contra-
indicated in patients with spontaneous pneumothorax and pulmonary
bullae.

3.2. Corticosteroids

At present, the corticosteroid use is controversial in COVID-19. On
the one hand, corticosteroids suppress lung inflammation and cytokine
storms, which is essential for COVID-19 patients, especially severe and
critical patients. On the other hand, increased secondary infection rate
and delayed virus clearance can be found in SARS and influenza
pneumonia patients using corticosteroids [60–62]. A small observa-
tional study of patients with COVID-19 showed potential benefits from
low-dose corticosteroid treatment in critically ill patients, despite no
significant improvement in overall survival [63]. Ni et al. [64] retro-
spectively analyzed the clinical data of 72 patients with COVID-19, and
found that there was no statistically significant difference in the time of
viral nucleic acid negation and lung image recovery between the low-
medium dose glucocorticoids (methylprednisolone 0.75−1.5 mg/kg/d)
treatment group and the non-glucocorticoid control group, glucocorti-
coid immunosuppressive therapy does not prolong virus clearance time
in patients with COVID-19, suggesting that hormone therapy may be
helpful to severe patients. A study reviewed the clinical data of 112
cases in Wuhan Red Cross Hospital with the treatment of low dose
methylprednisolone when mild and common cases became severe and
critical, and found that the optimal window period for low dose me-
thylprednisolone treatment of COVID-19 is within 48 h after switching
from mild condition to severe or critical. The early administration of
low dose methylprednisolone within the window period for these pa-
tients could significantly reduce the critical illness rate and mortality
rate [65]. The expert consensus statement in China [66] recommends
low-to-moderate corticosteroid (≤0.5−1 mg/kg per day methyl-
prednisolone or equivalent) should be used carefully in critically ill
patients with COVID-19, and the duration should be short (≤7 days).

3.3. Tocilizumab

Tocilizumab is a recombinant humanized antibody that specifically
binds the interleukin-6 (IL-6) receptor to inhibit the activity of the IL-6,
licensed for adult rheumatoid arthritis and cytokine release syndrome
[67]. IL-6 has long been considered as one of the key cytokines that
induce cytokine storms. Among patients with COVID-19, IL-6 was sig-
nificantly higher in severe and dead patients than in mild and dis-
charged patients [3,68]. For the reasons above, the First Affiliated
Hospital of University of science and technology of China initiated a
multicenter, randomized controlled trial for the efficacy and safety of
tocilizumab in the treatment of COVID-19 (ChiCTR2000029765), in the
first phase of the clinical study, 14 patients with COVID-19 pneumonia
(maximum age of 82 years, 9 of whom were severe and 2 of who were
critically ill) had diffuse lesions in both lungs before treatment, of
which 11 had a persistent fever. After treatment with the new treatment
regimen of tocilizumab combined conventional therapy, the tempera-
ture of 11 patients with fever fell to normal within 24 h; 4 patients had
better absorption of CT lesions in the lungs. Xu et al. [69] also found
similar results in observational studies. Therefore, for patients with

severe conditions caused by a cytokine storm, tocilizumab is a drug
worthy of clinical research. There have been five clinical trials in ad-
dition to that mentioned above on trastuzumab in progress. For patients
with extensive infiltrating lesions of the lungs and severe patients with
elevated IL-6, tocilizumab treatment can be tried (the recommended
dose is 400 mg, and the cumulative dose is up to 2 times), and medical
staff should pay attention to allergic reactions and exclude active in-
fections such as tuberculosis [17].

4. Traditional Chinese medicine

In the absence of particularly effective medicines from Western
medicine, Chinese medicine has played a unique advantage in im-
proving immunity and improving symptoms. In China, more than 90 %
of people use traditional Chinese medicine for treatment [70]. Chinese
medicine physicians summarized the law and experience of traditional
Chinese medicine in the treatment of viral infectious diseases, deeply
explored ancient classic recipes, combined with clinical practice, thus
selecting a group of prescription drugs represented by the "three drugs
and three prescriptions" with obvious curative effects: Jinhua qinggan
Granules, Lianhua qingwen Capsules, Xuebijing Injection, QingfeiPaidu
Decoction, Huashibaidufang, and Xuanfeibaidufang. Jinhua Qinggan
Granule, and Lianhua Qingwen Capsule are used in no confirmed sus-
pected cases, the former is mainly used for Patients with headache as
the main symptom and mild fever symptoms, while the latter is used for
patients with severe fever and dry stool. Qingfei Paidu Decoction is a
general prescription for mild, severe, and critical COVID-19 patients
[71]. In the treatment of severe and critically ill patients, Xuebijing
injection may be a very important therapeutic drug. Xuebijing injection
has a curative effect on the inflammatory storm and coagulation dys-
function. Early clinical studies have proved that Xuebijing has a certain
effect in severe pneumonia [72]. Some observational studies [73–75]
suggested that Traditional Chinese medicine can improve patients'
symptoms, inflammation, and promote the absorption of lung infec-
tions. However, there is a lack of reliable RCT researches in COVID-19.

5. Antiviral therapy in combination

Based on the currently reported retrospective studies on COVID-19
[64,76–81], we found that most people received two or more antiviral
therapy in combination. Because it depends on the patient's liver and
kidney function, whether there is complications and adverse reactions,
there are various combinations, the most common combinations are the
following: interferon (IFN) + LPV/r, IFN + arbidol, oseltamivir +
arbiodol, IFN + LPV/r + arbidol. A multicenter, prospective study of
237 patients showed the triple combination antiviral therapy of IFN,
LPV/r, and arbidol showed shorter viral shedding time and hospitali-
zation time compared with the dual combination antiviral therapy of
IFN and arbidol, and the earlier the time to initiate triple antiviral
treatment, the shorter the time of virus shedding [82].

In addition, some studies have suggested that troponin is elevated in
some severe and critically ill patients [4]. The most likely cause is
myocardial damage caused by inflammatory storms. Cardioprotective
drugs such as coenzyme Q10, trimetazidine hydrochloride, and creatine
phosphate, and vitamin C could be used in severe and critical patients
to improve cardiac energy metabolism [58]. In elderly patients, the
hematopoietic function of liver, kidney, heart, and bone marrow de-
clines with age, and there are more underlying complications and drug
treatments. It is necessary to pay attention to the interaction between
antiviral drugs and treatment drugs for basic diseases, and close mon-
itoring and individualized treatment is required.

In conclusion, there are no antiviral drugs proven to be effective
currently. Antiviral drugs should be used carefully to reduce viral re-
plication in the early stages of disease based on the dynamic results of
clinical trials, while it is not recommended to use antiviral drugs for the
prevention of COVID-19. Since the antiviral effects of LPV/r and arbidol
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are not apparent, and gastrointestinal adverse reactions frequently
occur, the therapeutic effect of the above two drugs on COVID-19 still
needs further evaluation. Based on the current clinical trial results and
clinical medication experience, we recommend favipiravir and inter-
feron for patients with mild to moderate conditions. Given the good
results of the clinical trial of remdesivir are focused on severe patients
currently, we recommend it for severe patients. Chloroquine is another
antiviral drug that has the potential to have an effect on severe patients
due to its immunosuppressive effect in addition to the antiviral effect.
In critically ill patients, low-to-moderate corticosteroid and tocilizumab
should be used to combat cytokine storms and reduce mortality with
caution.
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