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Abstract
Background: Several therapeutic agents have been investigated for treatment of 
novel coronavirus 2019 (nCOV-2019). We conducted a systematic review and meta-
analysis to assess the efficacy of various treatment modalities in nCOV-2019 patients.
Methods: A literature search was conducted before 29 June 2020 in PubMed, 
Google Scholar and Cochrane library databases. A fixed-effect model was applied if 
I2 < 50%, else results were combined using random-effect model. Risk ratio (RR) or 
standardized mean difference (SMD) along with 95% confidence interval (95% CI) 
was used to pool the results. Between-study heterogeneity was explored using influ-
ence and sensitivity analyses, and publication bias was assessed using funnel plots. 
Entire statistical analysis was conducted in R version 3.6.2.
Results: Fifty studies involving 15 in vitro and 35 clinical studies including 9170 
nCOV-2019 patients were included. Lopinavir-ritonavir was significantly associ-
ated with shorter mean time to clinical recovery (SMD −0.32; 95% CI −0.57 to 
−0.06), remdesivir was significantly associated with better overall clinical recovery 
(RR 1.17; 95% CI 1.07 to 1.29), and tocilizumab was associated with less all-cause 
mortality (RR 0.38; 95% CI 0.16 to 0.93). Hydroxychloroquine was associated with 
longer time to clinical recovery and less overall clinical recovery. It additionally had 
higher all-cause mortality and more total adverse events.
Conclusion: Our meta-analysis suggests that except in vitro studies, no treatment 
has shown overall favourable outcomes in nCOV-2019 patients. Lopinavir-ritonavir, 
remdesivir and tocilizumab may have some benefits, while hydroxychloroquine ad-
ministration may cause harm in nCOV-2019 patients. Results from upcoming large 
clinical trials may further clarify role of these drugs.
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1  |   INTRODUCTION

The novel coronavirus 2019 (nCOV-2019) has now encom-
passed more than 200 countries since a cluster of cases 
were initially reported in Wuhan, China on 31 December 
2019.1 As of 5 July 2020, 11 388 558 people have been in-
fected globally from nCOV-2019, while 533 638 have died 
of this severe infection.2 The nCOV-2019 belongs to the 
Coronaviridae family and has structural similarities to the 
betacoronavirus that has caused two epidemics in the past 
18  years: severe acute respiratory syndrome coronavirus 
(SARS-CoV) and Middle East respiratory syndrome coro-
navirus (MERS-Cov).3

No drug or therapeutic agent has yet been approved by 
the United States—Food and Drug Administration (US-
FDA) for treating nCOV-2019 pneumonia patients. Based 
on the initial results obtained from certain in vitro stud-
ies,4,5 non-randomized trials6 and interim analysis of some 
randomized controlled trials (RCTs),7 hydroxychloroquine 
and remdesivir, received FDA emergency use authoriza-
tion for nCOV-2019.8,9 However, recent RCTs published 
on these respective drugs need evidence synthesis for their 
usage in nCOV-2019 patients.10,11 FDA cautioned against 
the use of chloroquine or hydroxychloroquine outside clin-
ical trial settings due to high risk of associated adverse 
events.12 With more than 500 trials already registered in 
clinicaltrials.gov on the treatment of nCOV-2019, it is im-
perative to investigate the available evidence till date and 
assess each treatment in terms of benefit or harm to the 
nCOV-2019 patients.

The aim of this systematic review and meta-analysis was 
to pool the initial evidence available from RCTs, non-RCTs, 
observational and in vitro studies for analysing the benefit/
harm of various treatment modalities including antiviral, cor-
ticosteroid treatment, plasma therapy and traditional medi-
cines administered to nCOV-2019 pneumonia patients. The 
results of this systematic review and meta-analysis might 
be useful in designing future clinical trials and providing 
guidelines.

2  |   METHODS

2.1  |  Electronic search

Electronic databases including, PubMed, EMBASE, 
Medline, Google Scholar, Cochrane library and clinical-
trials.gov were searched till 29 June 2020. The following 
MeSH terms or free text terms were used: ‘2019 novel 
coronavirus’, ‘2019 nCOV’, ‘COVID19’, ‘SARS-CoV-2’, 
‘drug therapy’, ‘antiviral therapy’, ‘symptomatic treat-
ment’, ‘immunotherapy’. The detailed search criteria are 
given in the Appendix S1. Furthermore, the reference 

list of all the relevant identified articles was thoroughly 
searched. Only those articles were included whose full 
texts were available in English language. Studies pub-
lished on human subjects after 31 December 2019 since the 
nCOV-2019 outbreak initiated, were only searched. The 
protocol for this systematic review and meta-analysis was 
registered in PROSPERO (ID: CRD42020175792), and 
there were no major deviations from the published protocol 
in PROSPERO.

2.2  |  Population

Subjects diagnosed with pneumonia caused by new coronavi-
rus 2019 infection (nCOV-2019) confirmed positive on high-
throughput sequencing or real-time reverse-transcription 
polymerase chain reaction analysis of throat swab specimens, 
serology or culture.

2.3  |  Intervention

Various specific, preventive and immune treatments admin-
istered to the nCOV-2019 patients.

2.4  |  Comparator

nCOV-2019 patients receiving standard care only or placebo 
treatment or standard care with a comparator drug.

2.5  |  Outcome

2.5.1  |  Outcome for in vitro studies

Average half-maximal inhibitory concentration (IC50), av-
erage half-maximal effective concentration (EC50), aver-
age cytotoxic concentration (CC50) and average selectivity 
index (SI) of the various drugs included in the systematic 
review.

2.5.2  |  Outcome for clinical studies

(a) All-cause mortality, (b) total adverse events, (c) overall 
clinical recovery defined as the number of patients becom-
ing negative for nCOV-2019 or significant improvement on 
chest CT and getting discharged from the hospital and (d) 
time to clinical recovery defined as the time taken in number 
of days for the negative conversion of nCOV-2019 or signifi-
cant improvement on chest CT and getting discharged from 
the hospital.
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2.6  |  Inclusion and exclusion criteria

The criteria for the inclusion of studies in our systematic re-
view and meta-analysis were as follows:

For inclusion of in vitro studies: (a) studies aimed at eval-
uating the efficacy of multiple drugs/treatment choices 
for nCOV-2019, (b) studies should have reported data on 
inhibitory effect and cytotoxicity of the drug and (c) only 
published studies.
For inclusion of clinical studies: (a) randomized con-
trolled trials (RCTs), non-RCTs, cohort studies and 
case-control studies; (b) studies aimed at evaluating mul-
tiple therapeutic choices for nCOV-2019; (c) studies must 
have a control group comparing the primary treatment 
drug to either standard care/control or placebo or studies 
assessing the primary treatment drug with a comparator 
drug; (d) conducted on human subjects only; and (e) only 
published studies.
The following clinical and in vitro studies were ex-
cluded from our systematic review and meta-analysis: 
(a) conducted on animal models; (b) unpublished stud-
ies; (c) ongoing registered clinical trials; (s) desired 
outcome data not reported; (e) single arm studies/trials 
where the primary treatment drug is not compared to 
either standard care alone, placebo or standard care with 
a comparator drug (criteria for clinical studies). This 
systematic review and meta-analysis was performed ac-
cording to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocol (PRISMA-P) 
2015 guidelines.13

2.7  |  Data extraction

All titles and abstracts retrieved by searching available lit-
erature were screened independently by two authors (SM 
and MN) against the eligibility criteria. The information ex-
tracted from each eligible study included the first author, year 
of publication, study design, sample size, interventions (in-
cluding type of treatment administered), outcome measures 
and main results. Any disagreement was resolved by mutual 
consensus among all the authors (DV, VH, SM, MN).

2.8  |  Risk of bias assessment

The quality assessment was done for only the clinical studies 
included in our systematic review and meta-analysis by two 
independent authors (SM and MN) using the new Cochrane 
risk of bias tool for randomized controlled trials (ROB-2) for 
RCTs and Newcastle-Ottawa Scale (NOS) for non-RCTs, 
cohort and case-control studies.14,15 Any disagreement was 

resolved by consulting with the remaining authors of the 
review.

The risk of publication bias was assessed by using Funnel 
plots, and the asymmetry of the funnel plot was investigated 
using the Egger's regression test.16

2.9  |  Statistical analysis

Dichotomous variables were represented by number (per-
centage), and the continuous variables were represented by 
mean and standard deviation (SD). If median, ranges and/or 
interquartile range were reported, then they were converted 
to mean and SD using the formula depending upon the sam-
ple size given by Wan et al.17 A meta-analysis was performed 
only for clinical studies and for those treatments in which re-
quired outcome data could be pooled from two or more stud-
ies. For dichotomous variables, the data were pooled using 
risk ratio (RR) and 95% confidence interval (95% CI), while 
for continuous variables, the data were pooled using stand-
ardized mean difference (SMD) and 95% CI. Heterogeneity 
among the included studies was investigated using Cochran's 
Q statistic, I2 metric tests and by using prediction intervals. 
A fixed-effect model was applied if I2 was <50%, else a 
random-effect model was used to pool the results. Labbé 
plots were used to determine the trend and between-study 
heterogeneity present in the binary outcome meta-analysis. 
The source of heterogeneity was further assessed by using 
the influence diagnostic tools and by conducting the sensitiv-
ity analyses and meta-regression analyses. All the statistical 
analysis was conducted using R version 3.6.2.

3  |   RESULTS

Initial search yielded 1490 articles by searching various data-
bases for published and preprint articles. After screening 928 
articles, 377 full-text articles were reviewed for eligibility, 
and finally, 50 studies were included in our systematic re-
view and meta-analysis. Further, out of the 50 included stud-
ies, 15 were in vitro studies and 35 were clinical studies. The 
meta-analysis was finally conducted on 23 clinical studies. 
Figure 1 represents the PRISMA flow diagram for the inclu-
sion of studies in our systematic review and meta-analysis. 
The PRISMA checklist is available in the Appendix S3.

3.1  |  Results from the systematic review of 
in vitro studies

Overall, 15 in vitro published studies were included in the 
systematic review, which comprised majorly of treatments 
done on Vero E6 cells for viral titration, drug inhibition 
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and cytotoxicity analyses. Nine studies were included from 
China,4,5,18-24 three from United States of America (USA),25-

27 one each from Germany,28 Netherlands29 and Australia.30

There were two studies5,20 involving the antimalarial 
drug on hydroxychloroquine, which had chloroquine as 
a positive control in both the studies. The studies had a 

wide range of multiplicity of infection (MOI) from 0.01 
to 0.8 and an average half-maximal effective concentra-
tion (EC50) of 6.84 µM [0.72-12.96] in the treatment arm 
as compared to 6.415 µM [5.47-7.36] in the control arm. 
The two studies showed potency in inhibiting nCOV-2019 
in vitro in Vero cells. While the cytotoxic concentration 

F I G U R E  1   PRISMA flow diagram for the systematic review and meta-analysis
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(CC50) of 249.50  µM and selectivity index (SI) of 61.45 
at an MOI of 0.01 in one study20 were lower compared to 
the positive control, the EC50 value of hydroxychloroquine 
was higher than chloroquine. These studies depicted that 
hydroxychloroquine had better efficacy and lesser cytotox-
icity in inhibiting nCOV-2019 than chloroquine in vitro but 
a higher dosage might be required for effectiveness, which 
could have adverse consequences.

Two studies4,23 involving the broad-spectrum antiviral 
remdesivir with MOI in the range of 0.02-0.05 exhibited av-
erage EC50 of 11.96 µM, CC50 greater than 100 µM and SI 
>129.87. Remdesivir showed promising results in vitro and 
depicted potency inhibiting viral proliferation in Vero E6 cell 
line. Not only remdesivir was able to block nCOV-2019 in-
fection at lower concentrations it also had higher selectivity 
towards the viral cells that meant it had lower toxicity to-
wards the host cells.

One study each involving 47D11 H2L2 antibody,29 ar-
bidol,18 auranofin,27 beta-d-N4-hydroxycytidine,25 daruna-
vir,28 antibodies n3086/n3113,24 interferon-α/interferon 
-β,26 ivermectin,30 lianhuaqingwen,21 chloroquine,4 lopina-
vir,23 ementine hydrochloride,23 homoharringtonine23 and 
Pudilan Xiaoyan oral liquid22 had a wide range of EC50 
[0.15-100 µM] or IC50 [0.08-411.2 µM] values for MOI of 
[0.05-2]. However, each of these compounds demonstrated 
the potential to stall the process of viral replication and 
growth through inhibiting viral titre in Vero, Calu3 and 
Huh7 cell lines.

There was one in vitro study19 on the phytochemi-
cal extracts from six Chinese traditional medicinal plants 
viz. Cimicifuga rhizoma, Meliae cortex, Coptidis rhizoma, 
Phellodendron cortex, Sophora subprostrata radix and 
Mountan cortex radicis. Extracts from five of the six plants 
showed potential as herbal medicine by inhibiting nCOV-
2019 infection in both A59 and Vero cells with significant 
EC50 [2.0  ±  0.5-27.5  ±  1.1  µg/mL], CC50 [71.3  ±  7.2-
334.3 ± 7.0 µg/mL] and SI [11.1-34.9] values.

All the studies had an incubation time (hours postinfec-
tion) of treatment ranging from 24 to 72  hours on average 
with a median of 48  hours. Table  1 depicts the baseline 
characteristics of in vitro studies included in our systematic 
review.

3.2  |  Results from clinical studies

A total of 35 clinical studies with 9170 nCOV-2019 pneu-
monia patients were included in the systematic review out 
of which 5563 (60.67%) patients were males. The overall 
mean age of the subjects present in the included studies was 
56.34  ±  14.33  years. We included 12 RCTs, 3 non-RCTs 
and 20 observational (including retrospective/prospective 
cohort, case-control) studies. Eighteen studies were from 

China,10,11,31-46 six from USA,47-52 five from Italy,53-57 two 
from France6,58 and one each from Brazil,59 Hong Kong,60 
Spain61 and Greece.62

There was no significant difference in the mean age and 
sex distribution between any of the treatment and compar-
ator groups included in our meta-analysis. Table  2 depicts 
the baseline characteristics of clinical studies included in the 
systematic review and meta-analysis. Since only limited clin-
ical trials and observational studies have been published till 
date, the data from several studies could not be pooled to-
gether to assess any of the four outcome measures. Figure S1 
in the Appendix S2 illustrates the effect of various treatment 
modalities in individual studies in terms of all-cause mortal-
ity, total adverse events, overall clinical recovery and time to 
clinical recovery.

3.3  |  Results from the meta-analyses of 
clinical studies

3.3.1  |  Hydroxychloroquine vs 
control groups

Eight studies6,10,31,32,47-49,58 consisting of 3400 nCOV-
2019 cases were included in the meta-analysis and were 
divided into two groups: 1522 subjects to hydroxychloro-
quine group and 1878 subjects to control group. Compared 
to the control group, hydroxychloroquine had an increased 
risk of having total adverse events (RR 1.82; 95% CI 1.57 
to 2.12) and was associated with a longer time to clini-
cal recovery (SMD 0.55; 95% CI 0.21 to 0.89). However, 
hydroxychloroquine was not found to be significantly as-
sociated with all-cause mortality (RR 1.22; 95%CI 0.76 to 
1.95) and overall clinical recovery (RR 0.93; 95%CI 0.84 
to 1.04) (Figure 2A-D). However, through the Labbé plots, 
we did observe a trend that all-cause mortality was more 
towards the hydroxychloroquine group (Appendix S2) 
while overall clinical recovery was more in the control 
group (Figure 8A).

3.3.2  |  Lopinavir-ritonavir vs control groups

Four studies35-38 consisting of 397 nCOV-2019 cases were 
included in the meta-analysis and were divided into two 
groups: 227 subjects to lopinavir-ritonavir group and 170 
subjects control group. There was no significant association 
between the two groups in terms of total adverse events (RR 
1.73; 95%CI 0.57 to 5.26) and overall clinical recovery (RR 
1.08; 95%CI 0.94 to 1.24). Labbé plot observed a trend of 
having more adverse events towards the lopinavir-ritonavir 
group (Appendix S2). A borderline association was observed 
depicting a trend in terms of a shorter mean time (in days) to 
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clinical recovery in the lopinavir-ritonavir group compared 
to the control group (SMD −0.47; 95%CI −1.00 to 0.07) 
(Figure  3A-C). Due to less number of available studies, a 
meta-analysis could not be performed for assessing the all-
cause mortality between the two groups.

3.3.3  |  Lopinavir-ritonavir vs arbidol groups

The benefit/harm of lopinavir-ritonavir treatment 
over arbidol treatment was assessed in two stud-
ies37,38 consisting of 155 nCOV-2019 cases, 86 in the 

F I G U R E  2   A-D, Meta-analysis of hydroxychloroquine vs control groups to assess (A) all-cause mortality, (B) total adverse events, (C) 
overall clinical recovery, (D) time to clinical recovery
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lopinavir-ritonavir treatment group and 69 in arbidol 
treatment group. Lopinavir-ritonavir treatment group was 
significantly associated with higher total adverse events 
as compared to the arbidol treatment group (RR 2.25; 
95%CI 1.07 to 4.74). None of the two treatment groups 
were found to be associated with an increase in the overall 

clinical recovery of nCOV-2019 patients (RR 0.95; 95%CI 
0.78 to 1.15) (Figure 3D-E). The findings were concurrent 
when analysed using the Labbé plots (Appendix S2). A 
meta-analysis could not be performed for all-cause mor-
tality and time to clinical recovery because of less number 
of studies.

F I G U R E  3   A-C, Meta-analysis of lopinavir-ritonavir vs control groups to assess (A) total adverse events, (B) overall clinical recovery, 
(C) time to clinical recovery. D, E, Meta-analysis of lopinavir-ritonavir vs arbidol groups to assess (D) total adverse events, (E) overall clinical 
recovery
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3.3.4  |  Arbidol vs control groups

Two studies37,38 consisting of 134 nCOV-2019 cases 
were included in the meta-analysis and were divided into 
two groups: 69 subjects to Arbidol group and 65 subjects 
to control group. When compared to the control group, 
treatment with Arbidol was not found to be associated 
with incidence of the total adverse events (RR 1.80; 
95%CI 0.52 to 6.19) or overall clinical recovery (RR 
1.08; 95%CI 0.85 to 1.38) (Figure  4A,B). The findings 
were concurrent when analysed using the Labbé plots 
(Appendix S2). A meta-analysis could not be performed 
for the remaining outcome measures of all-cause mortal-
ity and time to clinical recovery due to fewer number of 
studies.

3.3.5  |  Remdesivir vs placebo group

The effect of remdesivir treatment over placebo was assessed 
in two RCTs11,51 consisting of 1295 nCOV-2019 patients 
and 696 in remdesivir group while 599 in placebo group. 
Compared to placebo group, remdesivir was not associated 
with either all-cause mortality (RR 0.74; 95%CI 0.40 to 
1.37), total adverse events (RR 0.91; 95%CI 0.79 to 1.05) or 
time to clinical recovery (SMD −0.78; 95%CI −2.05 to 0.50). 
However, a significant association was observed with better 
overall clinical recovery (RR 1.17; 95%CI 1.07 to 1.29) in 
remdesivir group compared to placebo group (Figure 5A-D). 

Similar findings were observed in Labbé plot analysis as well 
(Appendix S2).

3.3.6  |  Corticosteroids vs control groups

Five studies41-44,61 consisting of 674 nCOV-2019 cases were in-
cluded in the meta-analysis and were divided into two groups: 
515 subjects to corticosteroid group and 159 subjects to control 
group. Administration of corticosteroid treatment was found to 
have no significant association with all-cause mortality (RR. 
1.17; 95%CI 0.37 to 3.65) or the average time to clinical recov-
ery (SMD 0.16; 95%CI −0.26 to 0.58) compared to the control 
group (Figure 6A,B). Since enough studies could not be pooled, 
no meta-analysis was performed to assess the effect of corticos-
teroid treatment on the total adverse events and overall clinical 
recovery.

3.3.7  |  Tocilizumab vs control groups

Four studies54-57 consisting of 806 nCOV-2019 cases were 
included in the meta-analysis and were classified into two 
groups: 294 subjects to tocilizumab and 512 subjects in con-
trol groups. Tocilizumab was found to have significantly less 
all-cause mortality compared to the control group (RR 0.38; 
95%CI 0.16 to 0.93). However, there was no significant dif-
ference between the two groups in terms of overall clinical 
recovery (RR 1.11; 95%CI 0.80 to 1.54). Due to less number 

F I G U R E  4   A, B, Meta-analysis of arbidol vs control groups to assess (A) total adverse events, (B) overall clinical recovery
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of studies, a meta-analysis was not possible for the other two 
outcomes of interest.

3.3.8  |  Combination therapy

The combination of hydroxychloroquine and azithromycin 
was tested in three studies6,48,49 including 1591 nCOV-2019 
cases wherein, 955 cases were allocated to the hydroxychlo-
roquine  +  azithromycin treatment group and the rest 636 
cases to the control group. The combination of hydroxychlo-
roquine + azithromycin was significantly associated with a 
higher risk of all-cause mortality compared to the control 
group (RR 2.19; 95%CI 1.67 to 2.86), while no association 
was observed between the two in terms of overall clinical 
recovery (RR 1.05; 95%CI 0.77 to 1.42) (Figure  7A,B). 
However, we did observe a slight trend in a lesser overall 
clinical recovery towards the hydroxychloroquine + azithro-
mycin treatment group using the Labbé plot (Appendix S2). 

The total adverse events and time to clinical recovery out-
comes could not be assessed due to limited number of studies.

3.4  |  Publication bias

The publication bias was assessed using funnel plot analysis for 
all those treatment modalities wherein data from more than two 
studies could be pooled together. The shape of the funnel plots did 
not show any evidence of significant publication bias except for 
two instances wherein hydroxychloroquine was compared with 
control group to assess the overall clinical recovery outcome (P-
value: .003) and lopinavir-ritonavir treatment was compared with 
control group to assess the total adverse event outcome (P-value: 
.02). This was confirmed by the significant p-values obtained from 
the Egger's regression test. The P-value of Egger's regression test 
was not significant for the presence of any publication bias for 
the rest of the funnel plots. Figure 8B represents the funnel plot 
analysis carried out for hydroxychloroquine vs control group for 

F I G U R E  5   A-D, Meta-analysis of remdesivir vs control groups to assess (A) all-cause mortality, (B) total adverse events, (C) overall clinical 
recovery, (D) time to clinical recovery
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assessing the overall clinical recovery outcome. The remaining 
funnel plots have been depicted in the Table S4 of Appendix S2.

3.5  |  Meta-regression analysis

A meta-regression analysis was conducted to determine whether 
the risk of bias and ethnicity of each study were associated with 
the overall effect size difference. A meta-regression analysis was 
performed only for those treatments where data from more than 
two studies were pooled. The two predictor variables used in the 
meta-regression analysis were categorized as: risk of bias (low, 
some concerns, high) and ethnicity (Asian, Caucasian). The 

'ethnicity' variable as a predictor was found to be significantly 
associated with the overall effect size difference while assess-
ing the time to clinical recovery outcome between hydroxy-
chloroquine and control group (P-value: .02) and assessing the 
all-cause mortality outcome between hydroxychloroquine and 
control group (P-value < .001) (Figure 8C) and similar outcome 
between corticosteroid and control group (P-value: .007). The 
'risk of bias' variable as a predictor was also found to be sig-
nificantly associated with the overall effect size difference while 
assessing the all-cause mortality outcome between corticoster-
oid and control group (P-value: .009) and while assessing the 
time to clinical recovery outcome between hydroxychloroquine 
and control group (P-value: .02). Risk of bias and ethnicity did 

F I G U R E  6   A, B, Meta-analysis of corticosteroid vs control groups to assess (A) all-cause mortality, (B) time to clinical recovery. C, D, Meta-
analysis of tocilizumab vs control groups to assess (C) all-cause mortality, (D) overall clinical recovery
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not have any association with the overall effect size difference 
for assessing the remaining outcomes between other treatment 
groups.

3.6  |  Quality (Risk of bias) assessment

The risk of bias was assessed using ROB-2 tool for RCTs and 
NOS for non-RCTs, cohort and case-control studies. For NOS, 
the total score was divided into three categories: (a) 1-3 (high 
risk of bias); (b) 4-6 (some concerns); (c) 7-9 (low risk of bias). 
Overall, 9 (25.71%) studies included in our review had an over-
all low risk of bias, 22 (62.86%) studies had some concerns re-
lated to the risk of bias, while four studies (11.43%) had high 
risk of bias. All the four studies10,31,33,60 with a high risk of bias 
belonged to the RCT subgroup (Figure 9A,B). The individual 
items for the quality scale are depicted in Appendix S1.

3.7  |  Influence diagnostics and 
sensitivity analysis

Influence diagnostics tools and sensitivity analysis were used 
to further explain the heterogeneity observed in our results 
and to identify the outlier studies, which could be significantly 
affecting the overall pooled effect estimates. The influence 
diagnostics and sensitivity analysis were performed for treat-
ments in which data from more than two studies were pooled. 
The influence diagnostic tools generated two plots including 
(a) Baujat plots; (b) influence analysis plots; and two plots for 

sensitivity analysis including (c) leave-one-out analysis or-
dered by heterogeneity and (d) leave-one-out analysis ordered 
by effect size.

The Baujat and influence analysis plots identified one 
potential outlier namely, Yu B, 202032 while assessing the 
all-cause mortality outcome in hydroxychloroquine vs. 
control group analysis. After conducting the sensitivity 
analysis by omitting a single study in each turn (ordered by 
both effect size and I2), the overall effect size and amount 
of heterogeneity changed significantly by omitting the Yu 
B, 2020 study. Hydroxychloroquine was found to be sig-
nificantly associated with the risk of having more all-cause 
mortality compared to control group (RR 1.57; 95%CI 1.30 
to 1.90; I2 = 0%) (Figure 10). A borderline association was 
observed between hydroxychloroquine and less overall 
clinical recovery when Gautret P, 20206 outlier study was 
omitted in the sensitivity analysis (RR 0.92; 95%CI 0.84 to 
1.00; I2 = 67%).

The influence diagnostic tools identified Ye XT, 202036 
study as a potential outlier while assessing the time to clini-
cal recovery outcome between lopinavir-ritonavir and control 
groups; and after omitting this study in the sensitivity anal-
ysis, we observed that lopinavir-ritonavir was significantly 
associated with a shorter mean time to clinical recovery 
than the control group (SMD −0.32; 95%CI −0.57 to −0.06, 
I2 = 0%).

While assessing the all-cause mortality outcome be-
tween corticosteroid and control groups, we observed Lu 
X, 202043 as a potential outlier study. After removing the 
outlier, a significant association was observed between 

F I G U R E  7   A, B, Meta-analysis of combination therapy. Meta-analysis of Hydroxychloroquine + Azithromycin vs Control groups to assess 
(A) all-cause mortality, (B) overall clinical recovery
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less all-cause mortality and corticosteroid treatment with 
reduced heterogeneity (RR 0.61; 95%CI 0.37 to 0.98, 
I2 = 0%).

The significant association between less all-cause mortal-
ity and tocilizumab treatment was lost when Capra R, 2020,57 
Guaraldi G, 202054 and Campochiaro C, 202055 were omitted 
sequentially in the sensitivity analysis.

4  |   DISCUSSION

Our systematic review and meta-analysis summarized the in 
vitro and clinical studies so far regarding the effect of various 
treatment modalities administered to nCOV-2019 pneumonia 
patients. In vitro studies observed significant inhibitory ef-
fects of Remdesivir and Hydroxychloroquine on nCOV-2019. 

F I G U R E  8   A, Labbé plot analysis for observing the trend and between-study heterogeneity in meta-analysis between hydroxychloroquine 
and control group for assessing the overall clinical recovery outcome. B, Funnel plot for publication bias analysis of hydroxychloroquine vs control 
group assessing the overall clinical recovery (Egger's P-value: .003). C, Meta-regression analysis for assessing the all-cause mortality outcome 
between hydroxychloroquine and control group using 'ethnicity' as predictor variable (P-value: <.001)
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F I G U R E  9   A, B, Risk of bias assessment of the included studies in the systematic review using the (A) new Cochrane risk of bias tool for 
randomized controlled trials (ROB-2) and (B) Newcastle-Ottawa Scale for non-RCTs, cohort and case-control studies
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Hydroxychloroquine was found to have a better efficacy and 
less cytotoxicity than Chloroquine in inhibiting nCOV-2019 
while remdesivir had significant potency in blocking the viral 
infection. However, the clinical translation of promising in 
vitro results in some of these drugs has not been success-
ful. In 35 clinical studies consisting of 9170 nCOV-2019 pa-
tients, we assessed the potential of several treatments against 
their comparators in terms of harm which included all-cause 
mortality and total adverse events and in terms of benefit 
which included overall clinical recovery and time to clinical 
recovery. While assessing the benefits of administered treat-
ments, lopinavir-ritonavir treatment had a borderline associa-
tion with shorter mean time to clinical recovery compared to 
the control group, remdesivir treatment had significant as-
sociation with better overall clinical recovery compared to 
placebo group and tocilizumab was associated with less all-
cause mortality compared to controls. However, the present 
evidence stems from only a few of trials/studies conducted 
on these drugs and the clinical usefulness of these results will 
only be determined once further large RCTs are published 

on the same. In terms of harm, our meta-analysis suggests 
that hydroxychloroquine treatment compared to control 
group and lopinavir-ritonavir treatment compared to arbidol 
treatment were significantly associated with more total ad-
verse events in nCOV-2019 patients. Hydroxychloroquine 
was also associated with a longer time to clinical recovery 
compared to control group. Hydroxychloroquine combined 
with azithromycin was associated with higher all-cause mor-
tality compared to control group. We did not observe any 
significant association in terms of either benefit or harm 
for the remaining treatments administered to nCOV-2019 
patients when analysed against their respective comparator 
groups. Although our systematic review of individual stud-
ies observed several treatments associated with benefit few 
including favipiravir, chloroquine, baricitinib, 5-day remde-
sivir treatment and certain treatments associated with harm 
including colchicine, corticosteroids and combination ther-
apy of Hydroxychloroquine + Azithromycine in nCOV-2019 
patients (Appendix S2); the results were reported only from 
single studies and thus lacked sufficient statistical power to 

F I G U R E  1 0   Influence diagnostic tools and sensitivity analysis plots for identifying the potential outlier studies and assessing the 
heterogeneity in the pooled effect size for assessing the all-cause mortality outcome between hydroxychloroquine treatment and control group
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draw any profound conclusions. Around 62.86% of the stud-
ies included in our review had moderate/some concerns re-
lated to the risk of bias.

When we conducted the influence and sensitivity anal-
ysis, we observed that hydroxychloroquine was associated 
with a higher all-cause mortality and less overall clinical 
recovery (borderline association) in nCOV-2019 patients 
compared to the control group. The borderline association of 
Lopinavir-Ritonavir treatment having a shorter mean time to 
clinical recovery compared to control group was confirmed 
to be statistically significant after the sensitivity analysis. 
Further, tocilizumab was no longer associated with less all-
cause mortality while corticosteroid treatment had a signif-
icant association with less all-cause mortality compared to 
control group. Our findings are in concordance with a review 
published in April 2020 by Sanders et al,63 which reviewed 
the initial pharmacological treatments available for nCOV-
2019 and concluded that no available therapy was found to be 
effective for treating this infection.

Initial evidence from in vitro and observational studies sug-
gested that Hydroxychloroquine has comparatively faster viral 
clearance and results in better clinical improvement of nCOV-
2019 patients in contrast to control groups.5,32 Further, the com-
bination of hydroxychloroquine and azithromycin resulted in 
100% clinical recovery in a small open label non-RCT published 
by Gautret et al.6 However, when early results from few RCTs 
were reported, hydroxychloroquine no longer had any benefit 
over standard care and instead was associated with more adverse 
events and higher mortality rate.10,31 We also conducted a sub-
group analysis based on study design which further strengthened 
this notion. Hydroxychloroquine compared to control group was 
found to be associated with a longer time to clinical recovery 
in both non-RCTs/cohort study subgroup as well as in the RCT 
subgroup (Figure S2 in Appendix S2). Two recent meta-analy-
ses conducted by Ren et al and Wang et al found that patients 
taking chloroquine or hydroxychloroquine had more adverse 
events compared to patients assigned to placebo group.64,65 
Another meta-analysis published a couple of months ago by 
Sarma et al66 found no association of hydroxychloroquine with 
virological cure, death or clinical worsening and safety in nCOV-
2019 patients. Similar findings on hydroxychloroquine with or 
without azithromycin were observed from another meta-analysis 
of five trials which although did observe a trend but the results 
were not found to be statistically significant in terms of negative 
conversion of nCOV-2019 (odds ratio [OR] 1.95; 95%CI 0.19 to 
19.73) and reduction in progression rate (OR 0.89 95%CI 0.58 
to 1.37).67 Our meta-analysis along with the subgroup and sensi-
tivity analyses further corroborates these findings.

The effectiveness and safety of corticosteroid treatment in 
nCOV-2019, SARS and MERS have been investigated in sev-
eral meta-analyses. Use of corticosteroid treatment was found 
to be associated with higher mortality (RR 2.11; 95%CI 1.13 to 
3.94) in nCOV-2019 and SARS patients in a meta-analysis of 

15 studies conducted by Yang et al,68 while three meta-analyses 
found that corticosteroid use did not worsen/improve mortality 
in patients with nCOV-2019, SARS-Cov and MERS-Cov.69-71 
Further, the meta-analysis by Li et al70 also observed a delayed 
time to virus clearance in the corticosteroid group compared to 
controls (MD 3.78; 95%CI 1.16 to 6.41). The findings of our 
meta-analysis are also in line with the previously published me-
ta-analyses on corticosteroids. We did not observe any signifi-
cant association between corticosteroid treatment and all-cause 
mortality and time to clinical recovery, but after conducting 
the sensitivity analysis, we observed a significant association 
between less all-cause mortality and corticosteroid treatment 
after removing the outlier study. However, the result stems from 
a pooled synthesis of only a couple of trials and further large 
RCTs are required to confirm/refute our findings.

Use of convalescent plasma has been shown to be ex-
tremely promising in some recently published case series.72,73 
Only one RCT was available on determining the effectiveness 
of convalescent plasma compared to controls,46 thus we could 
not conduct a meta-analysis. However, we systematically re-
viewed the trial and observed that convalescent plasma was 
neither associated with more/less adverse events nor with 
more/less overall clinical recovery compared to control group 
(Appendix S2). However, we observed a trend of more over-
all clinical recovery towards the convalescent plasma arm 
(RR 1.20; 95% CI 0.80 to 1.81). A recently published sys-
tematic review of five studies by Rajendran et al74 concluded 
that plasma therapy in nCOV-2019 patients was safe, clini-
cally effective and was associated with a reduced mortality. 
Results from ongoing clinical trials on plasma therapy are 
awaited and will give us a better insight into the effectiveness 
of convalescent plasma in treating nCOV-2019 patients.

4.1  |  Limitations

Although we made sure that our systematic review and meta-
analysis was conducted very comprehensively, certain inher-
ent and obvious limitations cannot be ignored. Firstly, due to 
the limited number of studies, our meta-analysis pooled the 
data from RCTs and non-RCTs/cohort/case-control studies 
together which is generally not advisable. However, we did 
conduct a subgroup analysis based on study design wherever 
possible to separate the RCTs from non-RCTs/cohort/case-
control studies. Secondly, all outcome measures could not 
be assessed for all the potential treatments due to scarcity of 
literature. Lastly, since several clinical trials on nCOV-2019 
treatments are currently ongoing, the results of our meta-
analysis might change significantly owing to the findings 
published in near future.

Nonetheless, our meta-analysis presents preliminary ev-
idence of benefit/harm of the possible treatments being ad-
ministered to nCOV-2019 patients and these preliminary 
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results could be used for conducting and planning large clini-
cal trials and prospective multicentric cohort studies.

5  |   CONCLUSION

The result of this systematic review and meta-analysis suggests 
that hydroxychloroquine and remdesivir have shown promising 
results in the in vitro studies. However, based on the current 
clinical evidence, our meta-analysis did not observe significant 
beneficial effect of any treatment on nCOV-2019 patients apart 
from a significant association in better overall clinical recovery 
of remdesivir compared to placebo, less all-cause mortality in 
tocilizumab arm compared to controls and a borderline asso-
ciation in time to clinical recovery of lopinavir-ritonavir treat-
ment compared to control group. Hydroxychloroquine with or 
without azithromycin might be associated with higher all-cause 
mortality, more total adverse events, less overall clinical recov-
ery and a longer mean time to clinical recovery. Results from 
further large clinical trials are warranted.
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