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ABSTRACT

Introduction: Hydroxychloroquine (HCQ)/Chloroquine (CQ) has been evaluated for treatment and pro-
phylaxis against SARS-CoV-2 infection in various studies with conflicting results. We performed a sys-
tematic review to synthesize the currently available evidence over the efficacy and safety of HCQ/CQ
therapy alone against SARS-CoV-2 infection.
Methods: We searched Embase, PubMed, Web of Science, and Cochrane central for randomized
controlled trials (RCTs) and prospective cohort studies published until October 15, 2020 and assessing the
efficacy of HCQ alone against SARS-CoV-2 infection. We included studies evaluating HCQ/CQ alone as
intervention and placebo/standard care as a control group. Retrospective studies and studies using other
drugs (namely azithromycin, corticosteroids, immunomodulators, etc.) we excluded. Thirteen RCTs and
three prospective cohort studies were included in this review. We pooled data using a random-effect
model.
Results: Pooled data from 12 studies (9917 participants) showed that HCQs increase mortality as
compared to placebo/standard of care (RR 1.10; 95% CI:1.00—1.20). Hydroxychloroquine did not reduce
the need for hospitalization in out-patients (RR 0.57; 95% CI 0.31—1.02). HCQ group has a significantly
higher rate of any adverse event (RR 2.68; 95% CI 1.55—4.64), as compared to the control group. Also,
using HCQ for prophylaxis against SARS-CoV-2 infection did not reduce the risk of acquiring SARS-CoV-2
infection (RR 1.04; 95% CI 0.58—1.88).
Conclusions: HCQ therapy for COVID-19 is associated with an increase in mortality and other adverse
events. The negative effects are more pronounced in hospitalized patients. Therefore, with the available
evidence, HCQ should not be used in prophylaxis or treatment of patients with COVID-19.

© 2021 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

therapy for COVID-19 still evades us. Numerous antiviral and
immunomodulatory drugs have been tried, but none has shown

With close to 53 million cases and 1.3 million deaths globally,
the coronavirus disease 2019 (COVID-19) pandemic has caused
unprecedented damage and continues to wreak havoc, plaguing
healthcare systems globally [1]. Despite being almost a year since
the pandemic commenced, a conclusively efficacious and safe
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unequivocal evidence of efficacy and safety across the studies in
COVID-19 [2]. Chloroquine (CQ) and Hydroxychloroquine (HCQ) are
one such group of immunomodulatory agents that were considered
to have antiviral property against SARS-CoV-2 and were used
extensively without any strong evidence [3]. Several mechanisms
have been proposed for their role in COVID-19. These mechanisms
include: (i) Direct antiviral action (by inhibiting viral attachment/
biosynthesis of sialic acid/inhibition of replication and transcrip-
tion); (ii) Attenuation of disease progression by anti-inflammatory
action (by inhibiting TNF- ¢, Interleukins, and Th17 differentiation);
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and (iii) Anti-thrombotic effect (by decreased platelet aggregation,
inhibiting the membrane binding of clotting proteins, and
improvement of endothelial relaxation) [4,5].

Hydroxychloroquine formed a part of the national guidelines for
prophylaxis in some countries like India, based on preliminary
evidence [6]. Recently, HCQ/CQ has been evaluated as prophylactic
and therapeutic agents using rigorous study designs with varying
results [7—12]. Serious concerns were raised over the adverse car-
diovascular effects associated with HCQ use [13,14]. However, the
long multidecadal experience of its safety (comparable doses) as an
immunomodulator in rheumatic diseases arose the possibility of
confounding by the underlying disease and the effect of concomi-
tant therapy such as macrolides [15]. Recently few reviews sum-
marized the available evidence, however, they included studies
with heterogeneous intervention and control groups [16—18].
Therefore, the evidence of safety and efficacy of HCQ/CQ alone
against COVID-19 is unclear.

We aimed to systematically synthesize the evidence over the
efficacy and safety of HCQ or CQ alone as compared to placebo or no
active intervention in adults with COVID-19.

2. Material and methods
2.1. Search strategy

We followed the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) guidelines during the conduct
of this systematic review [19]. A predefined specific search strategy
was developed for each electronic database (Supplementary
Table 1). Three investigators (JM, JK, AY) independently per-
formed a literature search in the Web of Science, PubMed, EMBASE,
and Cochrane central register of controlled trials for original articles
published between December 01, 2019, to October 15, 2020. We
used keywords related to the study population (exposed to patients
with SARS-CoV-2 infection or having RT-PCR confirmed SARS-CoV-
2 Infection), and intervention (Hydroxychloroquine or Chloro-
quine) for literature search. The electronic search was also sup-
plemented by a hand search of the bibliography of the included
studies and relevant review articles. We did not use any language
restriction. The studies in non-English language were converted to
English using google translator and relevant data was extracted.

2.2. Study selection

The protocol for this systematic review was registered at the
PROSPERO database (CRD42020201750). Criteria mentioned in the
above protocol were used for the assessment of the eligibility of the
studies. Studies investigating the role of Hydroxychloroquine or
Chloroquine as a therapeutic or prophylactic agent for SARS-CoV-2
infection were considered eligible for the review. Initially, two re-
searchers (JK, JM) independently screened the titles and abstracts
for eligibility. Later three authors (AY, JM, JK) examined the full-text
articles for inclusion and exclusion criteria. Studies were included if
they met all the following criteria: (i) Population-studies enrolling
patients with clinically suspected or RT-PCR-confirmed SARS CoV-2
infection (therapeutic studies) or their contacts (prophylaxis
studies), (ii) Intervention-HCQ or chloroquine (CQ) along with
standard care for prophylaxis or treatment. (iii) Comparison-
control group should receive standard care alone (that does not
include antivirals or immunomodulators) or placebo. We included
prospective cohort studies or randomized/non-randomized
controlled trials. Considering the rapidly evolving evidence and
the long-time taken to get a study published after peer-review, we
also included pre-print studies after rigorous methodology checks.
The methodology check comprised of inclusion of the latest version
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of the manuscript uploaded on pre-print server, ensuring that the
trial protocol was registered with one of the registries and is
accessible to public, and the authors followed standard reporting
guidelines for presenting the results. We also checked the com-
ments associated with the pre-print version (which act like a peer-
review) to ensure that there are no serious concerns associated
with data-quality or results.

We excluded: (i) studies comparing HCQ or CQ with active
control or comparator group (like azithromycin, Lopinavir/ritona-
vir, other immunomodulators), (ii) studies using any other antiviral
or immune-modulator drug along with HCQ/CQ in the intervention
arm, (iii) study designs like case-series, case-control or retrospec-
tive cohort study, (iv) studies reporting about other serotypes of
coronavirus or testing methods other than RT-PCR, (v) narrative or
systematic reviews, (vi) Conference proceedings, (vii) editorial,
perspective, etc. not meeting the inclusion criteria. If a study used
more than one intervention and provides clear data on various
interventions, we used data of HCQ/CQ alone and the control group
only. Studies in which other interventions were not differentiated
but HCQ/CQ was the primary intervention, were also included.
Similarly, in the case of a mixed population (virologically confirmed
and clinically suspected COVID-19), if the study provided separate
data for confirmed and suspect COVID-19, we used data of RT-PCR
confirmed patients only. However, if no such data was provided and
the majority were confirmed COVID-19, data of all the patients
were included.

2.3. Data extraction and quality assessment

A well-structured, standardized proforma was used for data
extraction. Two investigators [JM, JK] independently extracted data
from the full text of the eligible studies. Data extraction included
information about: Author’s name, year of publication, journal,
study design, study setting, study methodology, study population,
inclusion and exclusion criteria, baseline demographic character-
istics, details of intervention and control group, case definition of
SARS-CoV-2 infection and contacts, intervention (dosage, duration,
frequency, and co-administration of other therapy if any), and
outcomes (mortality, the proportion of patients recovered, time to
clinical recovery, time to viral clearance, the proportion of partici-
pants requiring hospitalization, the proportion of patients devel-
oping severe disease, duration of hospital stay, duration of ICU stay,
the proportion of acquiring infection among exposed ones, adverse
effects, etc.). Any disagreement between the two investigators was
resolved through discussion with the third investigator (S]). A
researcher (AY) independently rechecked the extracted data for its
accuracy and completeness. The quality of the RCTs was assessed
using the Cochrane risk of bias tool [20], while for observational
studies, the Newcastle Ottawa scale [21] was used. Two in-
vestigators (JM, JK) independently assigned an overall risk of bias to
each eligible study, and if they disagreed, another researcher (SJ)
was called to resolve the discrepancy.

2.4. Data synthesis and statistical analysis

We provided a quantitative synthesis of primary and secondary
outcomes. The dichotomous outcomes are reported as risk ratio
(RR) with 95% CI and continuous data as mean difference (MD) with
95% CI. We pooled the data using the random-effects model. Het-
erogeneity among studies was assessed by inspection of the forest
plot as well as using the Chi-square test on Cochrane’s Q statistics
and 12 statistics. The publication bias was assessed by Funnel plot
asymmetry. We used RevMan 5.3 for statistical analysis. We also
graded the level of evidence using GRADEpro software. For GRADE
evidence, only randomized controlled trials were used.
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Fig. 1. Prisma flow chart.

3. Results
3.1. Selection and characteristics of included studies

We screened a total of 3676 records and identified 16 studies
[8—12,22—32] eligible for this systematic review (Fig. 1). Of these 16
studies, 13 were randomized clinical trials (10 therapeutic and 3
prophylaxis), and the rest three were prospective cohort studies (all
therapeutic). Fifteen studies used HCQ as an intervention whereas
one used Chloroquine. These studies represented various countries
with different treatment protocols and varying standards of care
(Table 1). Most therapeutic trials (10 out of 13) were done in hos-
pitalized patients with varying degrees of severity. Only three out of
13 therapeutic studies used placebo in the control groups (in the
rest 10, the control group received standard care only), whereas all
three prophylactic trials used placebo in their control arm. The
dosage and duration of the intervention (HCQ/CQ) and outcomes
varied greatly across the trials. Among cohort studies, two out of
three were done in the severe disease population and used HCQ as
the intervention. Whereas one study used CQ as an intervention
and was done in patients with mild to moderate disease. The
detailed characteristics of eligible studies are reported in Table 1.
The quality of the studies was assessed using the Cochrane risk of
bias tool for RCTs (Fig. 2) and the Newcastle—Ottawa scale for
observational studies (Supplementary Table S2). We intend to
assess publication bias using funnel plot; however, the number of
studies was insufficient for the same (only 6 RCT and 2 non-RCT
reported mortality). The Cochrane handbook recommends using
tests for funnel plot asymmetry only when there are at least 10
studies included in the meta-analysis, as with fewer studies, the
power of test becomes too low to detect real asymmetry.
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4. Efficacy and safety of hydroxychloroquine in the treatment
of SARS-CoV-2 infection

4.1. All-cause mortality

Nine RCTs (9130 patients) and three cohort studies (787 pa-
tients) reported data on all-cause mortality. The overall mortality
rate was 14.7% and 16.5% in the HCQ and control group, respec-
tively. Treatment with HCQs as compared to the control group in-
creases the risk of mortality (RR 1.10; 95% CI 1.00—1.20) (Fig. 3)
Among hospitalized patients (8062 patients) also, HCQ increases
the risk of mortality (RR 1.10; 95% CI 1.00—1.20). On the other hand,
in prospective observational studies (3 studies, 787 patients) there
was no significant difference in mortality (RR 0.84; 95% CI
0.27—2.62) between HCQ and control group. On subgroup analysis,
there was no significant effect of HCQ over mortality in non-
hospitalized cases (RR- 0.99; 95% CI 0.14—6.98).

4.2. Secondary outcomes

HCQ neither reduces the need for hospitalization in out-patients
(RR 0.57; 95% CI 0.31—1.02) nor the duration of the hospital stay
(Table 2). Among the patients who were not on mechanical venti-
lation at the time of randomization, HCQ does not reduce the need
for mechanical ventilation (RR 1.12; 95% CI 0.95—1.33) (Fig.4). Two
RCTs reported the proportion of patients requiring admission to the
intensive care unit and did not find any significant difference be-
tween the HCQ and control group (Table 2). However, in cohort
studies, the use of HCQ is associated with a significant increase in
the need for ICU admission (RR-38.57; 95% CI 2.16—689.10). Three
RCT’s done in outpatients did not find any significant effect of HCQ
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Table 1
Characteristics of the studies included in the systematic review.
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Number of
Patients®

Author (Year) Country/Setting

HCQ Control

Intervention/Exposure

Control Outcome/s

HCQ therapy: RCTs

Abd-Elsalam S et al. Egypt/Hospitalized (all 97 97 HCQ 800 mg on day 1followed by 400 mg SOC Number of patients with cure or death in 4
[11] (2020) categories) daily for 15 days. weeks

Cavalcanti A.B. et al. Brazil/Hospitalized (Mild to 159 173 HCQ 800 mg daily for 7 days*® SoC Primary: Ordinal outcome at 15 days
[9] (2020) moderate) (221) (227) Secondary: mortality, ventilation, length of

stay, adverse events, etc.

Chen ] et al. China/Hospitalized (all 15 15 HCQ 400 mg daily for 5 days SoC Primary: Viral clearance on day 7/death within
[23](2020) categories) 2 weeks.

Secondary: serious adverse events

Chen Z et al. China/Hospitalized (mild cases) 31 31 HCQ 400 mg daily for 5 days SoC Primary: Severe adverse event
[28](2020) Secondary: Clinical, radiological, and

pulmonary recovery

Lofgren SM et al. [31] USA/Non-hospitalized” 576 563 HCQ 1400 mg on day 1 followed by Placebo Self-reported adverse effects including death
(2020) (658) (654) 600 mg daily for the next 4 days (internet-based)

Mitja O et al. [32] Spain/Non-hospitalized 136 157 HCQ 800 mg on day 1 followed by 400 mg SOC Primary: reduction in viral load on day 3 and 7
(2020) (169) (184)° daily for the next 6 days Secondary: Disease progression (death,

hospitalization, ventilation)

RECOVERY UK/Hospitalized (all 1561 3155 HCQ 1600 mg on day 1, followed by SocC Primary: Mortality within 28 days
Collaborative categories)” 800 mg daily for the next 9 days/discharge Secondary: Composite outcome mechanical
group [12] (2020) ventilation and/or death

Skipper CP et al. [25] USA and Canada/Non- 212 211 HCQ 1400 mg on day 1 followed by Placebo Primary: ordinal change in symptom severity

(2020) hospitalized” (244) (247)
Tang W et al. [10] China/Hospitalized (mild to 75 75
(2020) moderate)
WHO Solidarity trial Multinational/Hospitalized (all 947 906
[22] (2020) categories) (954) (909)

HCQ therapy: cohort studies

600 mg daily for the next 4 days

HCQ 1200 mg daily for 3 days followed by SOC
800 mg daily for the remaining 2-3 weeks
HCQ 2400 mg on day 1 followed by

400 mg for the next 9 days

score
Secondary: Incidence of all hospitalizations,
deaths, and adverse events (internet-based)
Primary: Virological recovery by 28 days,
Secondary: Adverse events

Mortality and serious adverse events
(reported)

soC

Grimaldi D? et al. France and Belgium/ 220 85 HCQ used in variable dose (400-800 mg/ SOC Primary: ventilator-free days at day 28.
[26] (2020) Hospitalized (Severe) day) for variable duration (5-10 days) Secondary: Survival, adverse events.
Huang M et al. [27] China/Hospitalized (Mild to 197 176 CQ250-500 mg mg daily socC Primary: Time to viral clearance.
(2020) moderate) Secondary: hospital stay, and adverse events.
Karolyi M et al. [24] Austria/Hospitalized (Severe) 20 89 HCQ 800 mg on day 1, followed by SoC In-hospital mortality, ICU admission, length of
(2020) 400mgdaily. stay, viral clearance, and adverse events
HCQ Prophylaxis
Abella BS et al. [29] USA/Health care workers (pre- 66 66 HCQ 600 mg daily for 8 weeks Placebo Primary: Incidence of SARS-CoV-2infection
(2020) exposure) Secondary: Adverse events
Boulware DR et al.  USA and Canada/moderate to 414 407 HCQ 2000 mg on day 1 followed by Placebo Primary: Incidence of either laboratory-
[8] (2020) high-risk exposure (post- 600 mg daily for 4 more days Confirmed|/clinical compatible Covid-19 within
exposure) 14 days
Rajasingham R et al. USA and Canada/Healthcare 494 989 HCQ 400 mg once weekly or twice weekly Placebo Primary: Incidence of either laboratory-

[30] (2020) workers (pre-exposure)

for 12 weeks.

Confirmed|/clinical compatible Covid-19 within
14 days

Abbreviations: HCQ- Hydroxychloroquine, SOC- Standard of care, ICU- Intensive care unit, RT-PCR- Reverse Transcriptase Polymerase chain reaction.

2 We included only the HCQ group.

b The patient may or may not be RT-PCR proven but were clinically suspected to have COVID-19 (applicable for treatment studies).

¢ Number in () indicates the number of patients randomized to two arms.

on need for hospitalization (RR 0.57; 95% CI 0.32—1.02). A single
small trial showed a positive impact of HCQ over radiological
improvement (RR 1.47; 95% CI 1.02—2.11), however the same is not
translated into clinical recovery (RR 1.19; 95% C1 0.72—1.95). Though
in a single prospective cohort, HCQ has a significantly higher viral
recovery rate, the same was not seen in randomized controlled
trials (Table 2).

4.3. Adverse events

HCQ group has a significantly higher rate of any adverse event
(41.3% vs. 16.4%; RR 2.68; 95% CI 1.55—4.64), as compared to the
control group. This increased risk of adverse events was also
observed in the subgroup of non-hospitalized patients (RR 2.71;
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95% CI 1.29-5.68). However, we did not find any significant dif-
ference for serious adverse events (any life-threatening event/car-
diac arrhythmia as defined by individual studies) between HCQ and
standard care group (3.8% vs.2.6%; RR 1.21 95% CI 0.91—-1.62).

4.4. Efficacy and safety of hydroxychloroquine in preventing SARS-
CoV-2 infection

Use of HCQ for prophylaxis (pre- or post-exposure) against
SARS-CoV-2 infection neither reduces the risk of acquiring SARS-
CoV-2 infection (RR 1.04; 95% CI 0.58—1.88) nor the need for hos-
pitalization (RR 0.64; 95% CI 0.28—1.47). On the other hand, it in-
creases the risk for any adverse event (RR 1.87; 95% CI 1.39—2.51).
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Fig. 2. Risk of bias summary of included randomized controlled trials.

None of the trials reported any serious adverse event associated
with HCQ use as prophylaxis.

5. Discussion

In this meta-analysis, we have pooled key efficacy and safety
outcomes of the use of HCQ or CQ alone for the treatment and
prophylaxis of COVID-19. All except one used HCQ in the inter-
vention arm. The use of HCQ alone for the treatment of COVID-19
was found to increase the risk of all-cause mortality (moderate-
quality evidence). On subgroup analysis, this increase in mortality
was predominantly seen in hospitalized patients (moderate-quality
evidence) but not in non-hospitalized patients (low-quality evi-
dence). Also, HCQ use led to a significantly higher adverse event
rate (low-quality evidence), but the serious adverse event rate was
similar to the control group (very-low quality evidence). There was
no significant difference in other secondary efficacy outcomes (low
to very low-quality evidence).

A subgroup analysis of the primary outcome as per the disease
severity found the effect on mortality to be limited to trials
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involving patients of all types of disease severity. Separate sub-
group analysis for mild, moderate, and severe disease severity was
not feasible due to a lack of reporting of separate data for different
disease categories. In the trials including patients with mild-to-
moderate disease, there was a trend towards increased mortality,
though it did not reach statistical significance [9,10,23]. This dif-
ference could be due to the low event rate in the later population.

We explored the possible reasons for increased mortality in the
HCQ group and did not find any difference in baseline character-
istics like age, disease severity, the timing of initiation of therapy
after symptom onset, care given other than the intervention, etc.
among the two groups. Furthermore, we excluded studies
employing combination therapy of HCQ/CQ with antivirals, mac-
rolides, and other active agents in either control or intervention
group, therefore, the confounding effect of the other drugs (mac-
rolides, corticosteroids, immunomodulators, etc.) or any other
therapy is unlikely. Also, there was a trend towards the increased
need for mechanical ventilation (low-quality evidence) in patients
treated with HCQ, for reasons not clearly understood. Besides,
treatment with HCQ did not reduce the need for ICU admission
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Hydroxychloroquine Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Randomized studies
Abd-Elsalam S 2020 6 97 5 97 06% 1.20[0.38, 3.80] T——
Cavalcanti AB 2020 7 159 6 173 0.7% 1.27[0.44,3.70] I —
Chen Jun 2020 0 15 0 15 Not estimable
Lofgren SM 2020 1 576 1 563 01% 0.98 [0.06, 15.59]
Mitja O 2020 0 136 0 157 Not estimable
RECOVERY Collabortaive Group 2020 21 1561 790 3155 81.0% 1.08[0.97,1.19] .
Skipper CP 2020 1 212 1 211 01% 1.00[0.06, 15.81]
Tang W 2020 0 75 0 75 Not estimahle
YWHO Solidarity trial 04 947 84 906 11.2% 1.18[0.90, 1.56] ™
Subtotal (95% Cl) 3778 5352 93.8% 1.09 [0.99, 1.20] »
Total events 540 887
Heterogeneity: Tau®= 0.00; Chi*= 0.53, df=5 (P = 0.99); F=0%
Test for overall effect: Z=1.82 (P = 0.07)
1.1.2 Non-Randomized studies
Grimaldi D 2020 80 220 23 85 55% 1.34[0.91,1.99] s
Huang M 2020 0 197 0 176 Not estimable
Karolyi M 2020 3 20 32 83 07% 0.42[0.14,1.23] r
Subtotal (95% CI) 437 350 6.2% 0.84 [0.27, 2.62] <o
Total events 83 55
Heterogeneity: Tau®= 0.53; Chi*= 4.10, df= 1 (P = 0.04); F= 76%
Test for overall effect: Z=0.31 (P = 0.76)
Total (95% CI) 4215 5702 100.0% 1.10 [1.00, 1.20] ]
Total events 623 942
Heterogeneity: Tau?= 0.00; Chi*= 4.66, df= 7 (P = 0.70); F= 0% 0 =02 0=1 1?0 5=0

Test for overall effect: Z=1.97 (P = 0.05)

Test for subaroup differences: Chi*=0.21, df=1 (P = 0.65), F= 0%

Favours [experimental] Favours [control]

Fig. 3. Forest Plot showing the comparison of mortality among patients receiving hydroxychloroquine and those receiving standard of care.

Table 2
Primary and secondary outcomes.
Outcome Study design No. of studies Risk ratio/mean difference. (95% Heterogeneity (I*) p-  Quality of
(subjects) (@) value evidence
All-cause mortality (Overall) RCT 9(9130) 1.09 (0.99—1.20) 0%, 0.96 Moderate
Prospective 3(787) 0.84 (0.27—-2.62) 76%, 0.04
Cohort
All-cause mortality (Hospitalized) RCT 6 (7275) 1.09 (0.99—1.20) 0%, 0.05 Moderate
Prospective 3(787) 0.84 (0.27—2.62) 76%, 0.04
Cohort
All-cause mortality (Non-Hospitalized) RCT 3(1855) 0.99 (0.14-6.98) 0%, 0.99 Low
Need for hospitalization (only for outpatient trials) RCT 3(1855) 0.57 (0.32—1.02) 0%, 0.51 Low
Need for mechanical ventilation (post- RCT 4 (6302) 1.12 (0.95—-1.33) 0%, 0.95 Low
randomization)
Need for ICU admission (post-randomization/ RCT 2(224) 0.85 (0.40—1.79) — Very low
enrolment) Prospective 2(482) 38.6(2.2—689.1) -
Cohort
Clinical Recovery RCT 2 (4910) 1.19(0.72—1.95) 89%, 0.003 Very low
Radiological recovery RCT 1(62) 1.47 (1.02—-2.11) — Very low
Virological Recovery by day 28 of illness RCT 2(180) 0.98 (0.89—1.09) 0%, 0.49 Very low
Prospective 1(373) 1.21(1.11-1.31) —
Cohort
Progression to severe disease RCT 1(150) 3.00 (0.12-72.5) - Very low
Any adverse event RCT 8 (4645) 2.00 (1.32-3.01) 80%, <0.01 Low
Prospective 1(373) 0.83 (0.61—1.14) —
Cohort
Serious adverse events RCT 8 (4645) 1.21 (0.91-1.62) 0%, 0.97 Low
Time to clinical recovery RCT 2(374) 0.40 (—0.67 - 1.46) 68%, 0.08 Very low
Time to virological recovery RCT 2 (344) 0.16 (—1.44,1.75) 85%, 0.01 Very low
Prospective 2 (482) —4.66 (—7.99 -1.32) 75%, 0.05
Cohort
Duration of hospital stay RCT 2 (526) —0.17 (—0.80 -0.46) 0%, 0.69 Very low
Prospective 2 (482) —1.00 (-2.02 - 0.02) 0%, 1.00
Cohort
HCQs Prophylaxis
Confirmed COVID-19 RCT 3(2429) 1.04 (0.58—1.88) 0%,0.91 Moderate
Need for hospitalization RCT 2(2304) 0.64 (0.28—1.47) 0%, 0.75 Low
Any adverse events RCT 3(2315) 1.87 (1.39-2.51) 67%,0.05 Moderate
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Cavalcanti AB 2020 12 159 12 173 47% 1.08 [0.50, 2.35] ——

RECOVERY Caollabortaive Group 2020 128 1300 225 2623 65.8% 1.15(0.93,1.41]
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Testfor overall effect: Z=1.34 (P=0.18)
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Fig 4. Forest plot showing the comparison of the need of mechanical ventilation among patients receiving hydroxychloroquine vs standard of care.

(very-low quality evidence), progression to severe disease, or
duration of hospital stay in patients with COVID-19. Taken together,
these data highlight that the use of HCQ may preferably be avoided
in patients hospitalized with COVID-19.

Interestingly, there was no increase in mortality in non-
hospitalized patients of COVID-19 treated with HCQ (low-quality
evidence). Also, there was a trend towards a reduction in the need
for hospitalization in outpatients treated with HCQ (low-quality
evidence). Taken together, this may point to a possible benefit of
HCQ in this cohort of patients, which needs to be addressed sepa-
rately in dedicated randomized controlled trials.

Although one small study reported better radiological recovery
with HCQ (very-low quality evidence), the impact over clinical re-
covery was not observed (very-low quality evidence) [28]. The
pooling of data on virological recovery with HCQ yielded conflicting
results. The data from relatively large prospective cohort studies
reported higher (low-quality evidence) and faster (very-low qual-
ity) virological clearance with HCQ, but the same was not consis-
tently seen in RCTs. The virological clearance may have significant
public health importance, with a faster clearance potentially
helping in curbing transmission and achieving disease control.
However, with the current evidence, we are unsure about its effect
over virological clearance, a fundamental basis on which it was
widely used even before the clinical evidence emerged.

Furthermore, a higher rate of adverse events in the HCQ group
(low-quality evidence) is worrisome, even though the pooled risk
of serious adverse events (including cardiac arrhythmias) was not
different (very-low quality evidence). Dose-adverse effect correla-
tion could not be attempted due to the wide variability in the
dosing regimens used in different studies. This data suggest that
the high rates of cardiac toxicity noted in a few observational
studies of HCQ may, at least in part, be because of concomitant
therapies like azithromycin, and frequently observed cardiac
involvement by SARS-CoV-2 [33].

Although case-control and unpublished studies from India re-
ported positive results with HCQ prophylaxis in healthcare
workers, none of the three RCTs to this end found any reduction in
the incidence of COVID-19 with HCQ prophylaxis (moderate-qual-
ity evidence) [6—8,29,30]. Besides, adverse events were also found
to be increased (moderate-quality evidence), though serious
adverse events (including cardiac arrhythmias) were not seen.
Taken together, HCQ should not be used in prophylaxis against
COVID-19.

We have registered protocol for this systematic review in
PROSPERO and followed it rigorously during the conduct of this
systematic review. We have included only randomized clinical tri-
als and prospective cohort studies with controlled groups
comparing HCQ/CQ alone with placebo/control to avoid selection
bias and confounding effects of other interventions. This systematic
review also has a few limitations. First, included trials enrolled
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patients with mild to severe disease and did not report separate
data for individual disease severity hence, we could not assess the
effect of HCQ separately on patients with severe COVID-19 for
which the evidence is most needed. Although, we did attempt a
separate analysis comparing mild-moderate disease patients with
all types of disease severity (including severe ones). Second, we
could find only limited data for most of the secondary outcomes
hence, the overall quality for these outcomes was low to very-low.
Third, with the available data, we could not assess the dose-
response relationship of HCQ. However, the findings were consis-
tent across all trials, and it is unlikely that any given dosage has a
protective effect against COVID-19.

6. Conclusion

Moderate quality evidence suggests that the use of hydroxy-
chloroquine as a treatment for COVID-19 is associated with a
considerable increase in mortality and other adverse events. The
negative effects are more pronounced in hospitalized patients.
Therefore, based on current evidence the HCQ should be avoided
for prophylaxis or treatment of COVID-19 in hospitalized patients.
However, the positive effects of HCQ over the need for hospitali-
zation without any increase in mortality in out-patients (mild
disease) warrants further exploration.
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