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Background: Coronavirus disease 2019 (COVID-19), also known as severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection, first manifested in December 2019, and spread rapidly worldwide. 
Facing this lethal disease, there is an urgent need to develop potent therapies against SARS-CoV-2 infection. 
SARS-CoV-2 phylogenetically and symptomatically resembles SARS-CoV and Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV). Numerous agents have been utilised during the severe acute 
respiratory syndrome (SARS) and Middle East Respiratory Syndrome (MERS) epidemics, which may show 
some benefit against SARS-CoV-2.
Methods: MEDLINE, EMBASE, Cochrane Library, CBM Disc, China National Knowledge 
Infrastructure, Wanfang Data, and the China Science and Technology Journal Database will be searched. 
Manual searches will be conducted by searching pre-printing websites, clinical trial registers, and screening 
the reference lists of inclusive studies. The screening of all citations and the selection of inclusive articles 
will be conducted by two reviewers. Randomised controlled trials (RCTs) and controlled cohort studies 
reporting antiviral therapies, including ribavirin, remdesivir, lopinavir/ritonavir, arbidol, chloroquine, 
hydroxychloroquine, and interferon, for SARS, MERS, and COVID-19 will be included. The primary 
outcomes will be mortality, incidence of acute respiratory distress syndrome, and utilisation of mechanical 
ventilation and intensive care unit admission. The secondary outcomes will be improvement in symptoms 
and chest radiography results, virus clearance, changes in blood test results, and serum tests. The quality of 
the retrieved RCTs and observational studies will be appraised according to the Cochrane risk of bias tool 
and the Newcastle-Ottawa Scale, respectively. If feasible, we will perform a fixed- or random-effects meta-
analysis.
Discussion: This systematic review and meta-analysis will summarise all the available evidence for the 
efficacy and safety of current therapeutic options in SARS-CoV, MERS-CoV, or SARS-CoV-2-infected 
patients. The findings of this study may inform subsequent antiviral interventions for patients with 
COVID-19.
Study registration: The protocol of this study has been submitted to the PROSPERO platform  
(https://www.crd.york.ac.uk/PROSPERO/), and the registration number is CRD42020168639.
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Introduction 

The coronavirus disease 2019 (COVID-19) is  an 
emerging infection caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), a novel lineage 
B betacoronavirus (1,2). As of 5 July, 2020, a total of 
11,125,245 confirmed COVID-19 cases had been reported, 
with 528,204 fatal cases (3). SARS-CoV-2 possesses 
a genome structure similar to that of SARS-CoV and 
Middle East Respiratory Syndrome Coronavirus (MERS-
CoV) (4). Meanwhile, the clinical features of patients with 
COVID-19 are very similar to those in SARS and MERS (5).  
Common symptoms include fever, fatigue, dry cough, 
dyspnoea, and anorexia (6). Most patients have mild and 
reversible disease. However, 14% of cases are severe, with 
pneumonia and shortness of breath, while approximately 5% 
of patients have critical disease, including acute respiratory 
distress syndrome (ARDS), septic shock, and multiple organ 
dysfunction syndrome (7).

Given the fast transmission of this potentially lethal 
disease and the lack of approved antiviral treatment for 
COVID-19, it is crucial to deploy effective therapies as 
a high priority (8). As COVID-19 phylogenetically and 
symptomatically resembles SARS and MERS, a variety of 
agents have been tried based on clinical experience from 
SARS and MERS, including broad-spectrum antiviral 
agents (ribavirin) (9), innate immune responders to virus 
infection (interferons) (10,11), HIV protease inhibitors 
(lopinavir and ritonavir) (12,13), and combinations of the 
above therapeutics (14,15). In addition, antiviral treatments, 
including spike (S) protein angiotensin-converting enzyme 
2 (ACE2) blockers (e.g., chloroquine) (16,17), nucleoside 
analogue (remdesivir) (18), and viral fusion blockers  
(arbidol) (19), have been reported to exhibit antiviral activity 
against SARS-CoV-2 in vitro and in vivo (20). Herein, these 
treatments have been chosen as possible treatment options 
for COVID-19 (21).

Few clinical trials evaluating therapeutic agents for 
COVID-19 have been reported, demonstrating inconclusive 
clinical outcomes (14,22). Therefore, we plan to conduct 
this review to summarise the effectiveness and safety of 

current treatments for SARS and MERS in addition to 
COVID-19, in an attempt to identify promising therapies 
for SARS-CoV-2-infected patients.

We present the following article in accordance with the 
PRISMA-P reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2340). 

Methods

Search strategy

This study will be conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (23), and a previously registered 
protocol (PROSPERO: CRD42020168639). We will search 
MEDLINE via PubMed, EMBASE, Cochrane Library, 
CBM disc via SinoMed, China National Knowledge 
Infrastructure, Wanfang Data, and the China Science and 
Technology Journal Database. The search strategy will 
include patient-related terms (COVID-19, severe acute 
respiratory syndrome coronavirus 2, severe acute respiratory 
syndrome, Middle East Respiratory Syndrome Coronavirus, 
coronavirus) and intervention-related terms (interferon, 
HIV protease inhibitors, lopinavir, ritonavir, ribavirin, 
remdesivir, saquinavir, darunavir, atazanavir, indinavir, 
fosamprenavir, nelfinavir, bictegravir, dolutegravir, arbidol, 
beclabuvir, and chloroquine), using both Medical Subject 
Headings (MeSH) and free-text terms. The detailed search 
strategy is available in Table S1.

Complementary searches will be also conducted by 
manually searching the content of medical journals (e.g., 
New England Journal of Medicine, The Journal of American 
Medical Association, Lancet, Chinese Journal of Infectious 
Disease, and the Chinese Journal of Tuberculosis and Respiratory 
Diseases) published after December 2019, as well as the 
news of the World Health Organization (WHO) and the 
Chinese Centre for Disease Control and Prevention (CDC). 
For the purpose of identifying all potentially relevant 
articles, we will also screen all the reference lists of the 
retrieved articles. The websites of MedRxiv (https://www.
medrxiv.org), SSRN (https://www.ssrn.com/index.cfm/en), 

Keywords: Coronavirus disease 2019 (COVID-19); severe acute respiratory syndrome (SARS); Middle East 

Respiratory Syndrome Coronavirus (MERS); therapeutic options; efficacy; safety

Submitted Mar 09, 2020. Accepted for publication Oct 18, 2020.

doi: 10.21037/atm-20-2340

View this article at: http://dx.doi.org/10.21037/atm-20-2340

http://dx.doi.org/10.21037/atm-20-2340
http://dx.doi.org/10.21037/atm-20-2340
https://cdn.amegroups.cn/static/public/ATM-20-2340-supplementary.pdf
https://www.medrxiv.org
https://www.medrxiv.org
https://www.ssrn.com/index.cfm/en


Annals of Translational Medicine, Vol 8, No 22 November 2020 Page 3 of 6

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(22):1527 | http://dx.doi.org/10.21037/atm-20-2340

ChemRxiv (https://chemrxiv.org), BioRxiv (https://www.
biorxiv.org), and ChinaXiv (http://www.chinaxiv.org/home.
htm) will be searched for articles in preprint, while the 
websites http://clinicaltrials.gov/, http://www.isrctn.com/, 
and http://www.chictr.org.cn/ will be searched for ongoing 
trials.

Selection of studies

Two reviewers (ZL Zhang and H Zhong) will independently 
assess the titles and abstracts to determine their eligibility 
for inclusion. Subsequently, full papers will be retrieved and 
assessed according to the inclusion and exclusion criteria. 
We will include studies that (I) are conducted among adult 
patients with SARS, MERS, or COVID-19; (II) assess the 
effectiveness and safety of anti-coronavirus agents versus 
placebo or standard treatment regimens; and (III) have 
a randomised control or cohort design. We will exclude 
studies that (I) are in-vitro or in-vivo studies; (II) are reviews, 
guidelines, comments, case series, or case reports; (III) lack 
a control group; or (IV) lack quantitative or qualitative 
outcomes of interest. Any disagreements will be resolved by 
a corresponding author (ZC Gu).

Study outcomes

The primary outcomes will be (I) coronavirus-related 
mortality, (II) incidence of ARDS, (III) utilisation of 
mechanical ventilation, and (IV) intensive care unit (ICU) 
admission. The secondary outcomes will be (I) time to 
become afebrile, (II) drop of viral load, (III) improvement 
in chest radiography results, (IV) number of patients with 
anaemia, (V) renal dysfunction rate, (VI) changes in liver 
enzymes, blood count, and electrolyte levels, and (VII) the 
increase in creatine kinase.

Data extraction

We will extract data using a well-designed form, including 
study characteristics (investigator, publication year, 
study location, study design, sample size), population 
characteristics (sex, age, diagnosis, comorbidities), 
intervent ion character is t ics  ( therapeut ic  agents , 
administration start date, dosage, treatment duration, 
concomitant medication), clinical outcomes (mortality, 
incidence of ARDS, mechanical ventilation usage, ICU 
admission, hospital stay, reduced viral load, clinical 
improvement, improvement of symptoms, and time to 

become afebrile).

Quality assessment

The methodological quality of randomised clinical trials 
(RCTs) will be assessed using the Cochrane Collaboration 
Risk of Bias Tool (24). The following items will be 
appraised: adequacy of randomisation, concealment of 
allocation, blinding of outcome assessors, completeness 
of data, and selective outcome reporting (25). The risk of 
bias of retrospective studies will be evaluated according 
to the Newcastle-Ottawa Scale (NOS) (26). The items 
with regard to patient selection, comparability between 
groups, and outcome or exposure factor assessment will be 
estimated (27). The risk of bias of individual studies will be 
rated as low (NOS scores ≥7), moderate (4≤ NOS scores 
≤6), or high (NOS scores ≤3). For each study, the quality 
characteristics will be rated as low risk of bias, moderate risk 
of bias, high risk of bias, or unclear.

Statistical analysis

The data will be analysed according to the recommendations 
of the Cochrane Handbook for Systematic Reviews of 
Interventions (28), and with the use of STATA software 
(version13, Statacorp, College Station, Texas, USA). 
Heterogeneity will be assessed using the Cochrane 
I2 statistic, with a value of >50% indicating statistical 
heterogeneity (29). Dichotomous data will be expressed 
as relative risk (RR) with 95% confidence interval (CI). 
Continuous variables will be calculated as weight mean 
difference (WMD) with 95% CIs. A fixed-effect or random-
effects model will be used to analyse statistics. The random-
effects model is the preferred choice while heterogeneity 
among studies is significant (28). Subsequently, we will 
perform subgroup analyses according to indications 
(COVID-19, SARS, MERS), severity of infection (severe, 
moderate, or mild), treatments (interferon, lopinavir, 
ritonavir, ribavirin, remdesivir, arbidol, chloroquine), dosage 
(high or standard), administration route (inhale, infusion, 
or oral), and initial date of administration (within 48 h or 
delayed). We also plan to conduct sensitivity analyses by 
omitting individual studies in order to assess the confidence 
of the results. Sensitivity analyses will be conducted by 
excluding studies with a high risk of bias or small sample 
size. Publication bias will be evaluated by visual funnel plots, 
as well as quantitative Begg’s and Egger’s tests (23). A P value 
<0.05 will indicate a statistically significant difference.
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Discussion

COVID-19 has led to a global pandemic (3), and numerous 
antiviral agents have been considered for the treatment 
against the novel causative virus, SARS-CoV-2. Among 
the treatment possibilities based on experience with 
previous coronaviruses, remdesivir (30,31), chloroquine, 
hydroxychloroquine (16,17), lopinavir/ritonavir (12,13), 
ribavirin (9), arbidol (19), and interferons (10,11) have 
been tested most extensively. Several systematic reviews 
and meta-analyses have assessed the efficacy and safety 
of antiviral agents in patients with SARS, MERS, or 
COVID-19. However, the limitations of these studies 
should not be neglected.

Momattin et al. conducted a systematic review to 
summarise potential treatments for MERS based on earlier 
studies of SARS (22). They determined that ribavirin may 
improve SARS-CoV infection in 71.4–80% of patients, 
and reduce ICU admission rates to 13–20%. Meanwhile, 
ribavirin showed a benefit in decreasing the mortality rate 
of SARS patients. However, there were some limitations to 
these studies, namely, the majority of the included studies 
were cohort studies, with the exception of one RCT; and the 
treatment dosage, frequency, and administration routes were 
variable (22). Latterly, Morra et al. revealed that monitoring 
adverse effects carefully, especially anaemia, bradycardia, 
diarrhoea, and transaminitis, the rapid initiation of ribavirin 
and interferon combination may have effects in patients 
with MERS (32). However, this study only included case 
reports, case series, and observational studies, and was 
limited by the small sample size of the included studies (32). 
Recently, Zhang et al. conducted a systematic review of all 
therapeutic options associated with coronavirus infections. 
They suggest a variety of nutrients, antiviral agents, 
ribonucleic acid virus vaccines, and convalescent plasma 
based on SARS/MERS experiences, SARS-CoV-2 in-vitro 
results, or COVID-19 cases. However, they came to no 
conclusion with regard to a therapy that could effectively 
treat COVID-19 (20).

In the described systematic review, we attempt to 
perform a comprehensive manual search of WHO and 
CDC news, pre-printing websites, and clinical trial 
registers, in addition to searching electronic databases, 
to ensure the involvement of all relevant studies. We 
acknowledge that heterogeneity between study types, 
conditions, interventions, comparisons, and outcomes 
is inevitable, and will make performing an appropriate 
meta-analysis challenging. We will overcome this issue 

through subgroup analyses of distinct situations, such as 
indications, interventions, and study designs. Furthermore, 
the probable absence of large RCTs evaluating treatments 
for COVID-19 will be another limitation. We conducted 
a preliminary search that found that only a limited number 
of RCTs reported the efficacy and safety of antiviral agents 
for patients with confirmed COVID-19, and three RCTs 
documented inconsistent results for hydroxychloroquine 
(33-35). Chen et al. documented that hydroxychloroquine 
therapy showed a radiographical benefit (34). Tang et al. 
and Chen et al. revealed that hydroxychloroquine did not 
benefit SARS-CoV-2 eradication (33,35), and caused more 
adverse events, especially diarrhoea (33). Furthermore, 
two RCTs showed that lopinavir/ritonavir monotherapy 
did not significantly reduce the viral load of SARS-CoV-2 
or improve clinical outcomes over supportive care for 
hospitalised adult patients with mild/moderate (36) or 
severe COVID-19 (37). Recently, three RCTs documented 
that remdesivir was associated with shorter time to recovery 
(38,39) as opposed to clinical benefits (39) in hospitalised 
adult patients with COVID-19. No significant difference 
was noted between the short course (5 days) and long course 
(10 days) of remdesivir (40). In addition, we will perform 
a quality analysis of the retrieved evidence to evaluate the 
reliability of recommendations.

In summary, we will perform a systematic review to 
collect comprehensive evidence of currently available 
therapeutic options in SARS-CoV, MERS-CoV, and 
SARS-CoV-2-infected patients. The meta-analysis will 
evaluate the efficacy and safety of these antiviral agents, 
such as remdesivir, chloroquine and hydroxychloroquine, 
lopinavir/ritonavir, ribavirin, arbidol, and interferons, 
based on retrieved studies. Our study will allow firm 
recommendations to be drawn with regard to the best 
choice of treatment for COVID-19.
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