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ABSTRACT

COVID-19 has quickly become a public health problem worldwide, and treatment for this new
disease is needed. Hydroxychloroquine is an antimalarial that in vitro studies have shown
action against SARS-CoV-2, which is why it has been the target of clinical studies with conflict-
ing results. Therefore, the aim of this systematic review was to assess the association of
hydroxychloroquine use with the virological cure, clinical recovery, mortality, and development
of adverse effects in patients with COVID-19. PubMed, Cochrane Library, and Lilacs were
searched until 7 January 2021, for randomized clinical trials with COVID-19 patients treated
with hydroxychloroquine or chloroquine. Of the 130 studies found, 12 met the inclusion
criteria. Compared to the patient’s control group, the risk ratio (RR) for the virological cure
and clinical recovery with hydroxychloroquine or chloroquine use was 1.04 (95%Cl 0.91-1.17)
and 1.03 (95%CI 0.92-1.13), respectively. Hydroxychloroquine (with or without azithromycin)
was also not associated with mortality (RR = 1.09, 95%Cl 0.98-1.20). Treatment with hydroxy-
chloroquine was associated with any adverse effects (RR = 1.50, 95%Cl 1.18-1.81).
Hydroxychloroquine or chloroquine use did not have a significant effect on virological cure,
the time of clinical recovery, and improvement in survival in COVID-19 patients. However,
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patients who used hydroxychloroquine showed an increase in adverse effects.

Introduction

On 31 December 2019, the World Health
Organization’s China Country Office was informed
by local authorities of pneumonia deaths of
unknown etiology in Wuhan, Hubei Province of
China [1]. After a few weeks, the causative agent
was identified as a new coronavirus (SARS-CoV-2)
and the disease called COVID-19 [2,3]. In less than
3 months, on 11 March 2020, the World Health
Organization (WHO) declared the COVID-19 as
a pandemic disease [4].

Increased mortality and the fast spread of the dis-
ease worldwide have made the scientific community
engage in a global effort to find the best treatment for
COVID-19. Chloroquine (CQ) and Hydroxychloroquine
(HCQ), drugs that belong to the quinolone family and
are used to prevent and treat malaria, showed effec-
tiveness against SARS-CoV-2 in the first in vitro studies
[5,6]. Two initial small clinical trials reported a decrease
in the viral load and better clinical recovery with high
doses of HCQ use in patients with COVID-19 [7,8].
Following these results, other observational studies
have found unclear results on the beneficial use of
HCQ/CQ in any disease phase.

Recent randomized clinical trials have not shown
better outcomes in patients treated with these

drugs. There is much controversy about using this
treatment worldwide, and some advocate that these
drugs could be helpful at the beginning of the
disease in the viral phase. Therefore, considering
the contrast of conclusions, we decided to perform
a systematic review and meta-analysis of data invol-
ving the administration of CQ and HCQ in patients
with COVID-19 and virological cure, clinical recov-
ery, mortality, adverse effects, need for mechanical
ventilation, and hospital discharge.

Methods
Research strategy

This study is a systematic review of randomized
clinical trials. We conducted a review of the data-
bases: PubMed, Lilacs, and Cochrane Library. Studies
published until 7 January 2021, were included. The
following keywords were used as search terms: ‘cor-
onavirus’, ‘coronavirus disease’, ‘COVID-19’, ‘treat-
ment’, ‘hydroxychloroquine’, ‘chloroquine’, ‘clinical
trial’. The references for all selected articles were
also retrieved and, due to the urgency of publica-
tions related to COVID-19, additional references
were searched manually on the MedRxiv prepress
server.
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Studies selection

Two independent authors screened this review.
Disagreements were solved through discussion
among all authors. Titles and abstracts of retrieved
articles were revised to exclude irrelevant studies,
followed by screening. Clinical trials were included
when they met the following inclusion criteria: (1)
COVID-19 patients using HCQ or CQ; (2) patients
who did not use HCQ or CQ as a comparison group;
(3) randomized controlled trial; (4) examination of the
relationship between HCQ or CQ use and time to
negative viral nucleic acid test, time to clinical recov-
ery, mortality, adverse effects, use of mechanical ven-
tilation (MV), hospital discharges, or kidney and
thromboembolic complications. The study was con-
ducted in accordance with the Preferred Items guide-
lines for Reporting for Systematic Reviews and Meta-
Analysis (PRISMA), and this study has not been
registered.

Data Extraction

Data extraction was performed by two independent
authors according to a data collection form. Possible
conflicts were discussed with all authors. The informa-
tion extracted includes authors, year of publication,
study design, country of origin, population character-
istics (age and sample size), type of treatment, disease
severity, duration of follow-up, and measurement of
effects for the researched outcomes. They should pro-
vide odds ratio (OR), ratio risk (RR), or hazard ratio (HR)
with 95% confidence intervals (Cl). Inclusion was not
restricted by study size.

Quality Assessment

Two authors independently assessed the quality of the
studies according to the Cochrane guidelines [9]. The
following five domains were assessed: (1) bias arising
from the randomization process; (2) bias due to devia-
tions from the intended interventions; (3) bias due to
missing outcome data; (4) bias in the measurement of
the outcome; (5) bias in selection of the reported
result. Any disagreements were resolved through dis-
cussion with a third author.

Results Assessment

The primary analysis focused on the outcomes: (1) time
for negative detection of the viral nucleic acid; (2) time
for clinical recovery; (3) mortality of the treated group
in comparison to the control group.

The secondary analysis focused on the effect of
treatment on the emergence of adverse effects, the
use of MV, hospital discharge, renal and thromboem-
bolic complications.

We performed a stratified analysis by type of treat-
ment: HCQ only, CQ, and HCQ with azithromycin. In
addition, a sensitivity analysis was performed when
necessary omitting each study to detect the influence
on the estimate of the overall effect.

Statistical Analysis

Studies included in the meta-analysis reported RR, OR,
or HR. For studies that did not report these measures of
effects, the RR calculation was based on the Cochrane
Handbook for Systematic Reviews [10]. For studies that
reported OR, a corrected RR was computed as already
described [11]. HR was considered comparable to RR.

Pooled RR and 95% confidence interval (Cl) were
calculated using a fixed or random effects model
according to the homogeneity of the studies. The
Cochran's Q test and the I statistic were used to eval-
uate the statistical significance and degree of hetero-
geneity between the studies, respectively. The result of
p < 0.05 for the Q test represents statistical significance,
and the statistic I* > 50% reveals substantial heteroge-
neity. Finally, the publication bias will be examined by
the Egger test. All analyses were performed with Stata/
SE v.14.1 software (StataCorpLP, USA).

Results

Study Selection and Characteristics of Included
Studies

The initial search identified one hundred and thirty
studies. Of these, 49 were excluded because they
were duplicated. Inconsistent trials, non-clinical trials,
non-therapeutic, and non-randomized studies were
excluded. Of the remaining studies, 12 met the inclu-
sion criteria and were selected for qualitative analysis,
and eleven studies were included for the meta-analysis
(Figure 1), totaling 7,629 patients. The investigated
therapies found were as follows: HCQ in 10 studies,
one study investigated HCQ only and HCQ plus azi-
thromycin, and one study CQ therapy. One trial [12]
investigated the effect of HCQ on individuals exposed
to someone with confirmed COVID-19. The basic char-
acteristics of the studies are shown in Table 1.

Effect of HCQ and CQ Therapy negating the viral
nucleic acid test

The data were extracted and pooled from four studies.
Three trials [13-15] studied HCQ only therapy versus
usual care, and one trial [16] studied CQ therapy versus
lopinavir/ritonavir combination. All trials used throat
swab SARS-CoV-2 real-time reverse transcription-
polymerase chain reaction (RT-PCR) nucleic acid at
the beginning of the study to confirm COVID-19 and
at the end to confirm the virological cure.
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Figure 1. Flow chart of study selection.

Comparing the HCQ group with the control group,
the results suggested no significant change in time for
the virological cure (RR = 0.96, 95%Cl 0.74-1.18).
Combined with CQ study results, there was also no
change in time for the negative RT-PCR (RR = 1.04,
95%Cl 0.91-1.17, P > 0.05) (Figure 2).

Effect of HCQ and CQ only therapy in clinical
recovery

The data were extracted from six studies that showed no
decrease in time for clinical recovery in patients in the
treated groups. Five trials [7,14,15,17,18] studied HCQ
only therapy versus usual care, and one trial [16] studied
CQ therapy versus lopinavir/ritonavir combination.

Combining the six studies, there was also no
decrease in the time for clinical recovery (RR = 1.03,
95%Cl 0.92-1.13, P > 0.05) (Figure 3).

Effect of HCQ only and HCQ plus azithromycin
therapy in mortality

Cavalcanti et al. [19] studied treatments with HCQ
only and HCQ plus azithromycin, while Abd-Elsalam

et al. [17], Horby et al. [20], Lyngbakken et al. [21],
and Self et al. 2020 [18] studied the treatment with
HCQ only. The risk estimate for HCQ only was not
different from the control group (RR = 1.09, 95%CI
0.98-1.20, P > 0.05). When HCQ with azithromycin
was included, the result was similar without statis-
tically significant differences (RR = 1.08, 95% Cl 0.-
97-1.20, P > 0.05) (Figure 4).

Effect of CQ, HCQ only, and HCQ plus azithromycin
therapy in any adverse effects

The data were extracted from seven studies. Five
trials (11,17) studied HCQ only versus usual care,
one trial [19] HCQ only versus usual care and HCQ
plus azithromycin therapy versus usual care, and
one trial [16] studied CQ therapy versus lopinavir/
ritonavir combination. In the first analysis, the
treatment with HCQ showed an increased risk of
adverse effects (RR = 1.50, 95%C| 1.18-1.81,
P < 0.05) compared to the control group. The
analysis of all therapies also showed a significant
increase in any adverse effects (RR = 1.44, 95%Cl
1.21-1.68, P < 0.05) (Figure 5).
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Figure 2. Effect of HCQ and CQ use on time for negative viral nucleic acid test. HCQ, hydroxychloroquine; CQ, chloroquine.
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Figure 3. Effect of HCQ and CQ Use on Clinical Recovery. HCQ, hydroxychloroquine; CQ, chloroquine.
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Figure 4. Effect of HCQ and HCQ+Azithromycin use on Mortality Risk. HCQ, hydroxychloroquine; HCQ, hydroxychloroquine plus

azithromycin.

Effect of the therapies in other outcomes

The need to use MV was extracted from three trials
[17,19,20]. Analysis of the HCQ only treatment showed
no difference when compared to the control group
(RR = 1.15, 95%Cl 0.92-1.38, P > 0.05). Analysis includ-
ing the HCQ plus azithromycin treatment also showed
no difference with the control group (RR = 1.17, 95%ClI
0.94-1.40, P > 0.05) (Figure 6).

Hospital discharge analysis was extracted from
three trials. Two trials [18,20] studied HCQ therapy
versus usual care and one trial [16] CQ versus lopina-
vir/ritonavir combination. The analysis revealed that
HCQ treatment did not favor the hospital discharge
(RR =0.97, 95%Cl 0.74-1.20, P > 0.05). Combined ana-
lysis of HCQ and CQ showed no difference when com-
pared to the control group, but with substantial
heterogeneity (RR = 1.05, 95%Cl 0.73-1.38, P > 0.05,
1> = 54.6.1%) (Figure 7).

Renal and thromboembolic complications were
described by Cavalcanti et al. [19], but with no differ-
ences between the control group and treatment

group.

Sensitive analysis and publication bias

The heterogeneity of adverse effects analyses and clin-
ical recovery was investigated by sensitivity analyses.
Sensitivity analyses showed that excluding one study

at a time from the analysis did not change the findings
(Table 2).

For hospital discharges, the exclusion of Horby et al.
[20] from the analysis changed the heterogeneity from
substantial to moderate (12 = 54.6% to 27.2%), yet did
not alter the results.

The results of the estimated bias coefficient were
from —0.177 to 0.195, giving a P-value > 0.05 for all
analyses. Therefore, the tests provide weak evidence
for the presence of publication bias.

Quality assessment of selected studies for
meta-analysis

Among the studies selected for the meta-analysis, four
trials [18-21] were considered as low risk of bias, five
[7,14-16,22] as some concerns, and two [13,17] as high
risk of bias. Two trials were randomized, double-blind,
placebo-controlled trial, and nine trials were rando-
mized, open-label, controlled study. The quality assess-
ments of the studies included in the meta-analysis are
shown in Figure 8.

Discussion

Despite all the controversy about HCQ and CQ use for
COVID-19 treatment, this meta-analysis did not show
any better outcomes in patients using HCQ or CQ
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Figure 5. Effect of HCQ, HCQ+Azithromycin, and CQ use on any adverse effects risk. HCQ = hydroxychloroquine; HCQ,

hydroxychloroquine plus azithromycin; CQ, chloroquine.

when compared to the control group. The results
showed no statistical significance in the treatment
with HCQ or CQ in achieving virological cure and faster
clinical recovery.

Yao et al. [23] compared the in vitro effect of HCQ
and CQ and showed that both have good antiviral
activity, decreasing the replication of SARS-CoV-2.
The conclusion of the study that HCQ is more potent
in inhibiting viral replication led to prophylactic use. In
contrast, Boulware et al. [12] show in their randomized,
double-blind clinical trial that prophylactic use of HCQ
after exposure to SARS-CoV-2 did not prevent patients’
contamination.

The literature shows previous in vitro studies with
Zika viruses, which demonstrated the efficacy of the
antibiotic’s inhibitory viral replication effect. However,
the drug has not been proven to be effective in
humans [24,25]. Likewise, another in vitro study
addressing HCQ and azithromycin in the Ebola viral
replication does not bring clear evidence of possible
antiviral effect in vivo of the drugs, neither to the
increase in the prevention or delay of time of death

[26]. That previous evidence of in vitro antiviral effects
made the rationale for justifying the use of those drugs
as off-label therapy in the COVID-19 pandemic and was
disseminated by social media in Brazil [27].

After in vitro studies demonstrated the efficacy of
CQ and HCQ against SARS-COV-2, clinical studies
were performed. Gautret et al. [8] pointed out
a significant decrease in the viral load of patients
infected with SARS-CoV-2 after treatment with HCQ
plus azithromycin compared to the control group.
Chen et al. [7] reported a faster clinical recovery in
patients with COVID-19 who used HCQ. However,
both clinical trials have come under strong criticism.
Chen et al. [7] did not disclose the results regarding
the use of different doses of HCQ, as previously
specified in the study protocol, while the non-
randomized clinical trial by Gautret et al. [8] was
harshly questioned for the methodologies adopted
and by the exclusion of six patients who had been
treated with HCQ from the final results. In addition,
Tang et al. [14] found no significant reduction in
viral load and faster clinical recovery.
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Figure 6. Effect of HCQ and HCQ+Azithromycin use on the need to use of MV. HCQ, hydroxychloroquine; HCQ, hydroxychloroquine
plus azithromycin; MV, mechanical ventilation.
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Figure 7. Effect of HCQ and CQ use on discharge from hospital. HCQ, hydroxychloroquine; CQ, chloroquine.

This review shows no association between the use improved survival of COVID-19 patients. These findings
of HCQ only or HCQ plus azithromycin and the  corroborate the meta-analysis of observational studies
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Table 2. Sensitive analysis of the results of any adverse effects and clinical recovery.

Outcome Any adverse effects
Study omitted RR 95% Cl 1? P-value*
Cavalcanti et al 2020 (HCQ alone) 1.45 1.02-1.89 51.8% <0.001
Cavalcanti et al 2020 (HCQ+Azi) 1.37 1.11-1.63 45.9% <0.001
Chen Jun et al 2020 1.46 1.09-1.83 51.9% <0.001
Huang et al 2020 1.55 1.29-1.83 37.8% <0.001
Lyngbakken et al 2020 1.55 1.21-1.89 34.5% <0.001
Self et al 2020 1.48 1.09-1.87 51.4% <0.001
Skipper et al 2020 134 1.01-1.69 31.1% <0.001
Tang et al 2020 1.48 1.10-1.74 37.9% <0.001
Outcome Clinical recovery
Abd-Elsalam et al 2020 1.01 0.90-1.11 0.0% >0.05
Cheng et al 2020 1.03 0.93-1.14 44.6% >0.05
Huang et al 2020 1.02 0.92-1.13 47.0% >0.05
Self et al 2020 1.03 0.93-1.14 44.6% >0.05
Tang et al 2020 1.01 0.94-1.09 46.8% >0.05
Zhaowei Chen et al 2020 1.00 0.93-1.08 21.4% >0.05
* value for heterogeneity among studies assessed with Cochran'’s Q test.
Bias arising from the randomization process |
Bias due to deviations from intended interventions [
Bias due to missing outcome data | |
Bias in measurement of the outcome | |
Bias in selection of the reported result | |
Overall risk of bias | [
0% 25% 50% 75% 100%

| D Low risk D Some concerns . High risk |

Figure 8. Quality assessment of the included studies in meta-analysis.

by Fiolet et al. [28]. The author also reports no sub-
stantial evidence to support increased mortality asso-
ciated with HCQ or HCQ plus azithromycin intake.

Nevertheless, the use of these drugs in patients with
COVID-19 deserves attention. Additional findings from
this review show that the use of these drugs is asso-
ciated with a 1.44-fold increased risk of adverse effects.
The use of CQ and HCQ off-label is highly critical when
addressing the adverse effects caused by these drugs.
Among them, the most considered is the prolongation
of the QTc interval, particularly in individuals with pre-
vious risk factors, in whom lethal ventricular arrhyth-
mias are described, such as Torsades de Pointes [29].

Other effects have been described, such as psycho-
sis, delirium, agitation, personality disorder, depres-
sion, and sleep disorders [30,31]. As for the effects of
cardiac conduction, other than those already men-
tioned, we must consider branch block and atrioven-
tricular block [29]. CQ and HCQ uses, when associated
with azithromycin, increase the risk of hepatotoxicity
[32], cardiotoxicity, and hypoglycemia [33].

Among the randomized clinical studies included
in the meta-analysis, we observed a similarity
between the reported adverse effects. Cavalcanti
et al. [19] show that side effects were more evident
in those patients who used HCQ + azithromycin,
with 9 patients presenting complications due to

adverse effects. Extending the QTc interval has
been described in patients using HCQ and HCQ +
azithromycin. Other conduction changes described
were arrhythmias, bradycardia, and supraventricular
tachycardia. Cavalcanti et al. [19] also highlighted
the occurrence of pulmonary thromboembolism
and acute kidney infection as potential complica-
tions. Vomiting, abdominal pain, changes in liver
enzymes, nausea, diarrhea, skin rash, itching, cough-
ing, and shortness of breath were other adverse
effects also described [13,16,34].

Lastly, our results also suggest no association
between the use of these drugs in patients with
COVID-19 and the decreased need for MV and hos-
pital discharges. Similarly, Geleris et al. [35] indi-
cated that the risk of intubation or death was not
significantly higher or lower among patients who
received HCQ when compared with the control
group. Furthermore, Magagnoli et al. [36] showed
that the length of stay among hospitalized COVID-
19 patients was not shortened by the administra-
tion of HCQ with or without azithromycin.

This study has several strengths. To our knowl-
edge, this is the first meta-analysis using only ran-
domized clinical trials of patients with COVID-19.
This study informs physicians and patients regard-
ing the efficiency of HCQ and CQ in treating



COVID-19. Despite the few published clinical trials,
the studies selected in this systematic review
a total of 7,629 patients.

Some limitations of our study were the small num-
ber of randomized trials on the use of CQ, different
follow-up times between studies, studies performed
without blinding, an analysis that mixed different treat-
ments and doses and different treatments in the con-
trol group.

Conclusion

These results suggest that the use of HCQ or CQ is
not associated with decreased viral load, faster clin-
ical recovery, improved survival, decreased need for
mechanical ventilation, and decreased hospitaliza-
tion time for patients with COVID-19. However, it
suggests that the use of HCQ or CQ can be asso-
ciated with an increased risk of adverse effects.
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