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Introduction
In December 2019, the first cases of an emerging 
disease, currently called COVID-19, were pre-
sented. The spread of SARS-CoV-2 was declared a 
pandemic in March 2019, which generated a global 
health emergency.1 From the first cases, treatments 
based on drug repositioning were implemented.2

The disease has different degrees of severity, hav-
ing asymptomatic infected people, people with a 
mild disease without pneumonia, or mild pneu-
monia. The severe degree, with dyspnea, bradyp-
nea, hypoxia, pulmonary infiltrates, and the 
critical clinical condition, with respiratory failure, 
septic shock, or multi-organ failure, requires opti-
mal treatment and hospital care.3

The fatality rates of this infection vary throughout 
the world, being higher in Africa, India, the USA, 

Mexico, and Brazil, where various comorbidities 
in the population such as hypertension, obesity, 
and diabetes increase fatality.4,5 Despite imple-
menting recommended control measures in Latin 
America, the countries have been affected differ-
ently, with high fatality rates related to the differ-
ences in health services in different countries.6

The use of antivirals or other repositioning drugs 
is essential for clinical improvement and survival. 
In the absence of a specific treatment, in vitro and 
in vivo studies have been proposed to use existing 
drugs such as tocilizumab (monoclonal antibod-
ies),7 remdesivir (antiviral),8 chloroquine and 
hydroxychloroquine (antimalarial),9,10 lopinavir 
and ritonavir (antiretrovirals),11 dexamethasone 
(glucocorticoid),12 convalescent plasma (neutral-
izing antibody),13 and traditional medicine.14,15 
All of them showed beneficial effects in preclinical 
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studies and some clinical studies; however, evalu-
ating the treatments used in hospitalized patients 
is required. The aim was to assess the clinical 
effectiveness of antivirals used in hospitalized 
patients with COVID-19 infection.

Methods
A systematic review was carried out adhering to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines for con-
ducting systematic reviews.16 The question in this 
review was:

What is the clinical effectiveness of different drugs 
employed for COVID-19 treatment in hospital-
ized patients? To conduct the review, the PICOS 
structure was followed according to these points:

 • Patients: adults hospitalized with a diagno-
sis of SARS-CoV-2 infection;

 • Intervention: treatment with the following 
drugs: remdesivir, chloroquine, hydroxy-
chloroquine, lopinavir, ritonavir, dexa-
methasone, and convalescent plasma;

 • Comparison: standard care or placebo;
 • Outcomes: early mortality, late mortality, 

28 days mortality, clinical improvement at 
7 days, clinical improvement at 14 days, 
clinical improvement at 28 days, duration 
of ventilation (days), duration of oxygen 
support (days), duration of hospitalization 
(days), virological clearance, and severe 
adverse events;

 • Studies (type of): clinical trials published in 
peer-reviewed journals.

The search was carried out in PubMed, Scopus, 
and Web of Science databases, between 20 August 
2020 and 9 September 2020. The references of 
the selected articles were also reviewed for an 
integral reading to include additional studies not 
indexed in these databases. The clinicaltrials.gov 
website was also scanned to obtain potential pub-
lished reports of registered trials. The search 
strategies included the following keywords: rem-
desivir, chloroquine, hydroxychloroquine, lopina-
vir, ritonavir, dexamethasone, convalescent 
plasma, COVID-19, SARS-CoV2, and hospital-
ized. See the Supplemental Material file online 
for more details on the search strategies.

Studies that met the following criteria were 
included: (I) controlled clinical trials, (II) studies 

that included hospitalized patients with SARS-
CoV-2 infection, (III) published in 2020, (IV) 
published in English, Chinese, Spanish, or 
Portuguese. The exclusion criteria were: (I) not 
being a clinical trial, (II) not treating hospitalized 
patients.

All references were managed with Mendeley® 
software. The selection of the articles began with 
the removal of duplicate articles and proceeded 
with the reading of the title and abstract, carried 
out independently by reviewers 1, 2, and 3. The 
final decision in cases of disagreement was based 
on the criteria of a fourth reviewer. In the second 
phase, the same reviewers read the full text of the 
studies to define which would be included for the 
extraction and synthesis of data. The data were 
stored in Microsoft Office Excel spreadsheets and 
organized in an instrument constructed by the 
authors considering: characteristics of the study 
(author, year, country), sample, study design, 
and characteristics of the results.

The risk of bias of the studies was evaluated using 
the ROB2 tool.17 The included studies were inde-
pendently assessed by reviewers 1 and 2 (see 
Supplemental file).

The qualitative synthesis was developed following 
the assessed outcomes: early mortality, late mor-
tality, 28 days mortality, clinical improvement at 
7 days, clinical improvement at 14 days, clinical 
improvement at 28 days, duration of ventilation 
(days), duration of oxygen support (days), dura-
tion of hospitalization (days), virological clear-
ance, and severe adverse events.

Statistical analysis
While use of meta-analyses was precluded for 
most relationships due to an insufficient number 
of studies, meta-analyses of inverse variance were 
conducted for three drugs (remdesivir, dexa-
methasone, and hydroxychloroquine) and four 
outcomes (clinical improvement, mortality at day 
28, virological clearance, and severe adverse 
events). Meta-analyses were conducted with 
Revman v5.3 using pooled fixed effects odds 
ratios. The significance and the magnitude of het-
erogeneity across studies were calculated using 
the Q and I2 statistics. Odds ratios with 95% con-
fidence intervals (CIs) were plotted for the asso-
ciation between drugs, compared with standard 
care or placebo.
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Subgroup analyses were performed to examine 
differences according to clinical improvement 
at day 7, 14, or 28 in the treatment with 
remdesivir.

The review protocol was registered on the 
PROSPERO platform (CRD42020184436).

Results
Following the described PICOS structure, this 
systematic review retrieved 48 studies from the 
databases. After the removal of six duplicates, 42 
articles were read in title and abstract. Twenty-
seven were eliminated, resulting in 15 articles for 
full-text reading. Eleven articles were finally 
included in the data extraction and qualitative 
synthesis of results (Figure 1).

The overall risk of bias in the reviewed articles 
was established at low-risk in two studies.10,18 
The remaining eight studies were established at 
high risk or some concerns. More details can be 
seen in the Supplemental file.

Two articles reported using lopinavir–ritonavir 
mixtures, two studies reported remdesivir, three 
articles reported hydroxychloroquine, one study 
treated patients with chloroquine, two studies 
reported dexamethasone, and one study reported 
convalescent plasma. Patient samples ranged 
from 30 (the study with the fewest patients) to 
6425 (the study with the most patients). The 
retrieved results were: early mortality (defined as 
mortality before 12 days), late mortality (defined 
as mortality after the 12th day), 28 days mortal-
ity, clinical improvement at 7, 14, and 28 days 
(defined by clinical scales), the mean duration of 
ventilation (in days), the mean duration of oxy-
gen support (in days), the mean duration of hos-
pitalization (in days), virological clearance (by 
laboratory tests), and severe adverse events 
(Table 1).

28 days mortality
Six clinical trials assessed the mortality of hospi-
talized patients at day 28,10,18,19,23–25 and one 
study reported mortality at day 30.20 The drugs 
applied as an intention of treatment reporting 
mortality were: lopinavir–ritonavir,19 lopinavir–
ritonavir–ribavirin–interferon Beta-1b,20 remdesi-
vir,18 chloroquine at high doses (600 mg),10 
dexamethasone,23,25 and convalescent plasma24 
(Table 2).

Early mortality
The early mortality, measured as the death pro-
duced before 12 days from patients allocation, 
was reported by a study using lopinavir–ritona-
vir,19 one trial using remdesivir,18 and one trial 
using chloroquine at high doses (600 mg)10 
(Table 2).

Late mortality
The late mortality, measured as the death pro-
duced after 12 days from patients allocation, was 
only reported by two studies, one of them using 
lopinavir–ritonavir,19 and the other one using 
remdesivir18 (Table 2).

Figure 1. Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses flowchart of the inclusion 
process in the systematic review.
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Table 1. Main characteristics of the included studies.

Author Study site Design Sample Intervention Control Outcomes reported

Cao19 Hubei Randomized, open-
label, clinical trial

99 intervention, 
100 control

Lopinavir–ritonavir Standard care Mortality at day 28, early 
mortality, late mortality, 
clinical improvement 
at days 7, 14, and 28, 
duration of ventilation, 
duration of oxygen 
support, duration 
of hospitalization, 
virological clearance, 
and adverse events

Hung20 Hong Kong Randomized, open-
label, clinical trial

86 intervention, 
41 control

Lopinavir–ritonavir–
ribavirin–interferon 
Beta-1b

Lopinavir–
ritonavir

Mortality at day 28, 
clinical improvement 
at day 7, duration 
of hospitalization, 
virological clearance, 
and adverse events

Wang18 Hubei Randomized, 
double-blinded, 
clinical trial

158 intervention, 
79 control

Remdesivir Placebo Mortality at day 28, early 
mortality, late mortality, 
clinical improvement 
at days 7, 14, and 28, 
duration of ventilation, 
duration of oxygen 
support, duration 
of hospitalization, 
virological clearance, 
and adverse events

Chen9 Shanghai Randomized, open-
label, clinical trial

15 intervention, 
15 control

Hydroxychloroquine Standard care Virological clearance 
and adverse events

Gautret21 France Non-randomized, 
open-label, clinical 
trial

20 intervention, 
16 control

Hydroxychloroquine Standard care Virological clearance

Tang22 China Randomized, open-
label, clinical trial

75 intervention, 
75 control

Hydroxychloroquine Standard care Virological clearance 
and adverse events

Borba10 Brazil Randomized, 
double-blinded, 
clinical trial

41 intervention, 
40 control

Chloroquine high 
dosage

Chloroquine 
low dosage

Mortality at day 28, early 
mortality, and adverse 
events

RECOVERY23 United 
Kingdom

Randomized, open-
label, clinical trial

2104 intervention, 
4321 control

Dexamethasone Standard care Mortality at day 28

Li24 Hubei Randomized, open-
label, clinical trial

52 intervention, 
50 control

Convalescent plasma Standard care Mortality at day 28, 
clinical improvement 
at days 7, 14, and 28, 
virological clearance, 
and adverse events

Spinner8 USA Randomized, open-
label, clinical trial

197 intervention A,  
199 intervention B, 
200 control

Remdesivir Standard care Clinical improvement at 
days 7, 14, and 28, and 
adverse events

Tomazini25 Brazil Randomized, open-
label, clinical trial

151 intervention, 
148 control

Dexamethasone Standard care Mortality at day 28, and 
adverse events
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Clinical improvement
The clinical improvement was measured using 
the National Early Warning Score (NEWS) 2.26 It 
is an aggregate scoring system including six physi-
ological parameters: respiration rate, oxygen satu-
ration, systolic blood pressure, pulse rate, level of 
consciousness, and temperature. Clinical 
improvement at day 7 was reported by three stud-
ies,18,19,24 while three studies reported clinical 
improvement at days 14 and 28.18,19,24 One study 
reported the median time (in days) to reach a 
NEWS2 score of zero20 (Table 2). The study 
published by Spinner8 also reported clinical 
improvement at days 7, 14, and 28, but it is not 
declared which scale was used to assess the clini-
cal improvement.

Duration of ventilation
This outcome was measured as the median num-
ber of days of duration of mechanical ventilation. 
It was reported by two studies using lopinavir–
ritonavir19 and remdesivir18 (Table 2).

Duration of oxygen support
Two studies measured this outcome as the need 
for oxygen support through the nasal duct or 
mask, high-flow oxygen, or non-invasive ventila-
tion.18,19 The duration of oxygen support was 
reported in median days (Table 2).

Duration of hospital stay
This outcome was reported in median days by 
three studies using lopinavir–ritonavir,19 lopina-
vir–ritonavir–ribavirin–interferon Beta-1b,20 and 
remdesivir18 (Table 2).

Virological clearance
This outcome was measured as the respiratory tract 
sample that was positive on Real Time-Polimerase 
Chain Reaction, and it was reported as the virus 
clearance in respiratory samples in days after the 
allocation. One study reported this outcome at day 
3,24 one study at day 6,21 two studies at day 7,9,22 
two at day 28,18,19 and one study reported as the 
median days to reach a zero viral load20 (Table 2).

Adverse events
In this review, the data were extracted from  
nine studies reporting any severe adverse  

 events8–10,18,19,20,24,25,22 (it must be noted that a 
patient can develop one or more than one adverse 
event). Severe (or serious) adverse events were 
extracted as dichotomous data (Table 2). Of the 
nine studies that reported adverse events, only 
one has recorded no adverse events in any patient 
undergoing the intervention with lopinavir–rito-
navir–ribavirin–interferon Beta-1b.20 It is neces-
sary to highlight the incidence of adverse events 
in studies with lopinavir–ritonavir,19 hydroxy-
chloroquine,9 remdesivir,18 and chloroquine.10

The conclusions reported by seven studies  suggest 
that there is no benefit with the use of lopinavir–
ritonavir,19 remdesivir,8,18 hydroxychloroquine,9,22 
and chloroquine at high dosages.10 However, two 
studies reported that dexamethasone resulted in 
lower mortality at day 28 among patients with 
severe clinical conditions23 and a higher mean 
number of days alive and free from mechanical 
ventilation;25 both studies together make up a 
total sample of 6724 patients. Another trial 
 suggests that triple viral treatment (lopinavir– 
ritonavir–ribavirin–interferon Beta-1b) was supe-
rior to lopinavir–ritonavir alone in a sample of 
127 patients.20 Finally, one study suggests that 
hydroxychloroquine is significantly associated with 
viral load reduction in a sample of 36 patients21 
(Table 3).

Meta-analysis
After discarding the individual articles that did 
not show conclusions in favor of the drugs used, 
five articles were included in the quantitative 
synthesis.

The result of two studies was integrated into the 
fixed-effects meta-analysis for comparing dexa-
methasone versus standard care in the reduction of 
mortality at day 28.23,25 This drug shows a low 
benefit for patients in severe clinical conditions 
[odds ratio (OR): 0.86; CI: 0.76–0.96] (Figure 2).

Two studies reporting remdesivir outcomes were 
compared to test the overall effect of this antiviral 
on clinical improvement on days 7, 14, and 28. 
The results of the fixed-effects meta-analysis 
show no association with clinical improvement at 
day 7 (OR: 1.03; CI: 0.70–1.51), but a very slight 
association with clinical improvement at day 14 
(OR: 1.45; CI: 1.01–2.08) and at day 28 (OR: 
1.59; CI: 1.05–2.38) (Figure 3). The drug was 
not associated with the presence of severe adverse 
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Table 3. Primary outcomes and main conclusions of the included studies.

Author Sample Intervention Control Primary 
outcomes

Conclusions

Cao19 99 intervention, 
100 control

Lopinavir–ritonavir Standard 
care

Time to clinical 
improvement

No benefit was observed with 
lopinavir–ritonavir

Hung20 86 intervention,  
41 control

Lopinavir–ritonavir–
ribavirin–interferon 
Beta-1b

Lopinavir–
ritonavir

Time to 
virological 
clearance

Triple viral treatment was 
superior to lopinavir–ritonavir 
alone

Wang18 158 intervention, 
79 control

Remdesivir Placebo Time to clinical 
improvement

No benefit was observed with 
remdesivir

Chen9 15 intervention,  
15 control

Hydroxychloroquine Standard 
care

Virological 
clearance

No benefit was observed with 
hydroxychloroquine

Gautret21 20 intervention,  
16 control

Hydroxychloroquine Standard 
care

Virological 
clearance

Hydroxychloroquine is 
significantly associated with 
viral load reduction

Tang22 75 intervention,  
75 control

Hydroxychloroquine Standard 
care

Virological 
clearance

No benefit was observed with 
hydroxychloroquine

Borba10 41 intervention,  
40 control

Chloroquine high 
dosage

Chloroquine 
low dosage

Reduction in 
lethality

Higher doses of chloroquine 
should not be administered

RECOVERY23 2104 intervention, 
4321 control

Dexamethasone Standard 
care

Mortality at day 
28

Dexamethasone resulted in 
lower mortality

Li24 52 intervention,  
50 control

Convalescent plasma Standard 
care

Time to clinical 
improvement

No benefit was observed with 
convalescent plasma

Spinner8 197 intervention A,
199 intervention B,
200 control

A: remdesivir 10 days
B: remdesivir 5 days

Standard 
care

Time to clinical 
improvement

No difference was observed 
with the remdesivir 10-days 
group

 A difference was observed 
in the remdesivir 5-days 
group, with uncertain clinical 
importance

Tomazini25 151 intervention
148 control

Dexamethasone Standard 
care

The mean 
number of days 
alive and free 
from mechanical 
ventilation during 
the first 28 days

The mean number of 
days alive and free from 
mechanical ventilation during 
the first 28 days was higher in 
the intervention group

events in the 10-days treatment group (OR: 0.57; 
CI: 0.36–0.92) (Figure S.1 in Supplemental file).

The results of three studies9,21,22 were meta-ana-
lyzed to establish comparisons between the use of 
hydroxychloroquine and standard care, using the 
outcome “virological clearance at day 7”. High 
heterogeneity was observed in the studies, so the 
meta-analysis of random effects suggests no 

benefits using this drug (OR: 1.64; CI: 0.17–15.67) 
(Figure S.2 in Supplemental file). Also, the results 
of two trials9,22 were meta-analyzed for the out-
come of “severe adverse events” of hydroxychloro-
quine. No heterogeneity was observed; therefore, a 
fixed-effects meta-analysis was run. The results 
show no differences in the risk of using the drug or 
the standard care (OR: 1.96; CI: 0.44–8.71) 
(Figure S.3 in Supplemental file).
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Discussion
With the focus on adult hospitalized patients, fol-
lowing the PICOS strategy, this systematic review 
was able to identify nine clinical trials that were 
very heterogeneous among themselves, due to 
experimentation with different drugs and differ-
ent administration regimens. In total, 8282 
patients were included in hospitals in China, 
France, Brazil, the United Kingdom, and the 
United States.

Regarding the risk of bias of the included stud-
ies, it is essential to note that there were included 
eight with a high risk of bias or some concerns. 
The lack of blinding affected the risk of bias, 
mainly in studies launched under emergency 
conditions due to the international health crisis.

This study differs from another recent system-
atic review that evaluated antiviral drugs in 
patients with suspected, probable, or confirmed 
diagnosis of SARS-CoV-2 infection.27 Our 
study focuses only on hospitalized patients 
since, in some low-income Latin American 
countries, the epidemic has not yet reached its 
peak, and hospitals are experiencing saturation 
in their facilities.28–30

The only drugs reported by more than one article 
published in peer-reviewed journals were hydrox-
ychloroquine, remdesivir, and dexamethasone.

Hydroxychloroquine did not show benefits in viro-
logical clearance in our meta-analysis. Also, seri-
ous adverse events reported in another systematic 

Figure 2. Forest plot of drugs employed in hospitalized patients with SARS-CoV-2 infection. Comparison: 
dexamethasone versus standard care. Outcome: mortality at day 28.
CI, confidence interval; IV, inverse variance.

Figure 3. Forest plot of drugs employed in hospitalized patients with SARS-CoV-2 infection. Comparison: 
remdesivir versus standard care or placebo. Outcome: clinical improvement.
CI, confidence interval; IV, inverse variance.
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review27 have led to the conclusion that the use of 
hydroxychloroquine is not recommended.

Regarding remdesivir, our meta-analysis has shown 
some association with clinical improvement on days 
14 and 28. Furthermore, we observed that there 
were no association of this drug with adverse events.

Concerning the use of dexamethasone, it has shown 
low benefits in our meta-analysis in patients with 
severe clinical conditions for mortality at day 28.

In general, individual studies have concluded that 
no benefit was observed with lopinavir–ritonavir,19 
chloroquine,10 or convalescent plasma.24

Although the meta-analyzed results of remdesivir 
may seem encouraging, its use in low-resource 
countries is determined by the cost of this drug. 
So, it can be assumed that up to now, the only 
drug with a large sample and demonstrated 
 effectiveness has been dexamethasone, based on 
clinical trials conducted by the RECOVERY 
Collaborative Group and Tomazini.23,25 Although 
only one of these two studies has reported adverse 
events, their conclusions are encouraging, mainly 
due to its low cost and easy accessibility in low-
resource settings, as in Latin American countries. 
This result is similar to that reported by 
Siemieniuk in a review published a few months 
ago;27 this would indicate that studies may con-
tinue to produce relevant results for low-resource 
countries until a vaccine is available.

Among the limitations of this study, the rapid 
generation of new knowledge in times of the pan-
demic can potentially affect the timeliness of this 
review in a short time. Another limitation is the 
heterogeneity and high risk of bias in the studies. 
In this review, we chose not to issue recommen-
dations with the GRADE methodology, due to 
heterogeneity and high risk of bias. Another limi-
tation is that not all studies assessed mortality 
outcomes in the same way. Some evaluated only 
early mortality, others evaluated late mortality, 
and others, mortality at day 28; this is another 
crucial point on heterogeneity.

Among the strengths of this study, focusing solely 
on inpatient studies allowed us to review a larger 
volume of outcomes in these studies. The analysis 
of the main treatments proposed for hospitalized 
patients is of vital importance to reduce mortality 
in low-income countries, since the COVID-19 

pandemic had an economic impact worldwide 
with the loss of jobs and economic decline31 in 
countries with scarce resources. In these settings, 
the use of dexamethasone may be an affordable 
option. While there is no vaccine available, in the 
meantime other studies are still being developed 
all over the world from different therapeutic focus, 
as part of a joint effort by all academics, clinicians, 
and scientists around the world.32–41 As of today, 
social distancing is so far the most crucial measure 
in controlling the spread of the disease.5

Conclusion
Dexamethasone would have a better result in hos-
pitalized patients, although a detailed report of its 
adverse events is necessary. In Latin American 
countries, it is necessary to wait for the conclu-
sion of some studies in the recruitment phase in 
Argentina and Mexico.
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