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Abstract

Background and Objective The world is currently experiencing the Coronavirus Disease-19 (COVID-19) pandemic. There
is no approved drug for the definitive treatment of the disease. Various drugs are being tried for the treatment of COVID-19,
including hydroxychloroquine (HCQ). This study was performed to systematically review the therapeutic role of HCQ in
COVID-19 from the available literature.

Methods PubMed, Embase, ClinicalTrials.gov, ICTRP (WHO), Cochrane Library databases, and two pre-print servers
(medRxiv.org and Research Square) were searched for clinical studies that evaluated the therapeutic role of HCQ on COVID-
19 until 10 May 2020. The available studies were critically analyzed and the data were extracted.

Results A total of 663 articles were screened and 12 clinical studies (seven peer-reviewed and published studies and five
non-peer-reviewed studies from pre-print servers) with a total sample size of 3543 patients were included. Some of the clini-
cal studies demonstrated good virological and clinical outcomes with HCQ alone or in combination with azithromycin in
COVID-19 patients, although the studies had major methodological limitations. Some of the other studies showed negative
results with HCQ therapy along with the risk of adverse reactions.

Conclusion The results of efficacy and safety of HCQ in COVID-19, as obtained from the clinical studies, are not satisfac-
tory, although many of these studies had major methodological limitations. Stronger evidence from well-designed robust
randomized clinical trials is required before conclusively determining the role of HCQ in the treatment of COVID-19. Clinical
prudence is required in advocating HCQ as a therapeutic armamentarium in COVID-19.

Efficacy and safety results obtained from clinical studies
on the therapeutic role of HCQ in COVID-19 are not
satisfactory.

Electronic supplementary material The online version of this
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1 Introduction

The world is experiencing a pandemic (Coronavirus Dis-
ease-19 or COVID-19) caused by a novel strain of coro-
navirus (SARS-CoV-2). At the time of writing this arti-
cle, more than 40 million cases of COVID 19 have been
reported all over the globe [1] amounting to a mortality
rate of approximately 2—3% [2]. This has resulted in an
enormous health and economic burden across the world.
There are intensive global efforts to try various drugs for
the treatment of COVID-19 as the pandemic continues to
extend. In the absence of any known effective therapy and
because of the public health emergency, many drugs have
been tried recently, including the 4-aminoquinoline anti-
malarials, chloroquine (CQ) and its derivative hydroxy-
chloroquine (HCQ).

HCQ is most often used in chronic inflammatory dis-
eases, including systemic lupus erythematosus and rheu-
matoid arthritis. Several potential mechanisms of action
of HCQ against SARS-CoV-2 have been proposed. These
include inhibition of virus attachment to the host cells
[3], inhibition of viral release into the intracellular space
by disruption of lysosome-endosome fusion [4, 5], and
inhibition of the release of pro-inflammatory cytokines
[5]. As observed in various in vitro and in silico stud-
ies, HCQ acts by the disruption of the interaction of the
S protein of SARS-CoV-2 with the host cell membrane
[6]. A study has shown that HCQ has a constant binding
affinity towards the protease enzyme of the mutant variant
form of SARS-CoV-2, thereby inhibiting its replication
[7]. Yao et al. have shown that HCQ was more effective
and potent than CQ in inhibiting the activity of SARS-
CoV-2 in vitro [8]. As suggested by Liu et al., HCQ, as
an anti-inflammatory agent, may inhibit a cytokine storm
in SARS-CoV-2 patients leading to the reduction of the
severity of infection [9]. In another study conducted by
Andreani et al., the combination of HCQ and azithromy-
cin was found to be synergistically effective in inhibiting
the viral replication in vitro. It was especially found to be
effective in the early stages of COVID-19 before the onset
of a cytokine storm, which is related to the onset of acute
respiratory distress syndrome [10].

Although CQ and HCQ both have the potential to act
against SARS-CoV-2, CQ, particularly at a higher dose,
is associated with a higher risk of toxicity and should not
be recommended for critically ill patients with COVID-
19 [11]. As a result, HCQ has been vouched as a better
therapeutic option in COVID-19 [12]. However, there is
insufficient good-quality data to support the unmitigated
efficacy of HCQ in COVID-19. Furthermore, while gener-
ally considered safe, there are potential risks associated
with HCQ, including QT prolongation, myopathy, retinal
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toxicity, and rhabdomyolysis [13], especially at higher
doses. The other adverse effects of HCQ include nausea,
diarrhea, and abnormal liver functions. Across the world,
there have been several reports of overdoses in people
self-medicating with HCQ during the current pandemic
[14, 15]. Furthermore, considering the recent finding that
SARS-CoV-2 can itself show significant cardiac involve-
ment [16], it is imperative to determine the efficacy and
safety of HCQ in treating COVID-19 to assist in develop-
ing treatment protocols. Hence, we aimed to systematically
review the literature and generate evidence of the thera-
peutic role of HCQ in patients diagnosed with COVID-19.

2 Methods
2.1 Study Design

We aimed to include published clinical studies that evalu-
ated the therapeutic role of HCQ on COVID-19. Pre-clinical
studies, case reports, case series, reviews, commentaries,
viewpoints, or opinions were excluded. Studies that evalu-
ated the prophylactic role of HCQ were also excluded.

2.2 Search Strategy

PubMed, Embase, ClinicalTrials.gov, ICTRP (WHO),
Cochrane Library databases [Cochrane Database of System-
atic Reviews, Cochrane Central Register of Controlled Tri-
als (CENTRAL) and Cochrane Methodology Register], and
two pre-print servers (medRxiv.org and Research Square)
were searched from inception until 10 May 2020. The search
terms used in various combinations were: “Coronavirus
Disease-19”, “COVID-19”, “2019-nCoV”, “coronavirus”,
“coronavirus disease”, “SARS-CoV-2”, “severe acute respir-
atory syndrome”, “treatment”, “therapy”, “anthraquinone”,
“hydroxychloroquine”, and “HCQ”. These search terms
were adapted for use with different bibliographic databases
in combination with database-specific filters for studies, if
available. The search strategy was used to obtain the titles
and the abstracts of the relevant studies in English, and they
were independently screened by two authors, who subse-
quently retrieved abstracts, and if necessary, the full text of
articles to determine the suitability. The systematic review
protocol could not be pre-registered as the current pandemic
is an ongoing public health emergency, thereby resulting in
a paucity of time to permit pre-registration.

2.3 Analysis of the Selected Articles
All the studies were critically analyzed. The risks of

bias of each study were analyzed by the Cochrane risk
of bias tool [17] for the randomized controlled trials and
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Newcastle—Ottawa scale [18] for the observational stud-
ies. Data related to the key efficacy and safety outcomes
related to the use of HCQ from the included studies were
noted. No assumptions or simplifications were made dur-
ing the process. Disagreement resolution was performed
with a third author.

3 Results
3.1 Search Results

A total of 663 articles were screened and 12 clinical stud-
ies (seven peer-reviewed and published studies [19-25]
and five non-peer-reviewed studies from pre-print serv-
ers [26-30]) were included (Fig. 1). The summary of the
clinical studies is highlighted in Tables 1 and 2, and the
quality of the included studies is depicted in Tables sl
and s2 (Supplementary Material).

3.2 Efficacy of HCQ in COVID-19

Among the published clinical studies, Gauret et al. [19, 20]
and Chen et al. [21] have demonstrated very good virological
and clinical outcomes with HCQ therapy alone or in combi-
nation with azithromycin. Million et al. [25] have also dem-
onstrated good virological and clinical outcomes with HCQ
therapy. Molina et al. however, have shown negative results
with HCQ treatment [22]. Among the non-peer-reviewed
studies included from pre-print servers, Chen et al. [26]
have demonstrated good virological and clinical outcomes
with HCQ treatment. The results of Mahévas et al. [27],
Magagnoli et al. [28], Tang et al. [29], and Ramireddy et al.
[30] were negative or equivocal. Likewise, Geleris et al. [23]
reported no significant effect of HCQ on intubation or death
in COVID-19 patients.

3.3 Safety of HCQ in COVID-19

In the studies of Gauret et al. [19, 20], Chen et al. [21], and
Million et al. [25], HCQ was found to be safe with mild
adverse reactions, such as nausea, vomiting, and transient
abnormal liver functions. Molina et al. [22] and Mercuro

Library databases, and pre-print servers -(ﬁiédk;ci\'.org and Research Square) until 10 May 2020
(n =663)

(Unavailability of results, inappropriate population,
inappropriate intervention, inappropriate intervention)

Studies excluded (n = 581)

Potential studies identified after screening (n = 82)

Pre-clinical studies (n =3), studies related to the
prophylactic use of HCQ (n = 9), reviews, commentaries,

viewpoints, or opinions (n = 58)

Studies included in qualitative synthesis (n = 12)

Peer-reviewed and
published clinical
studies (n = 7)

Non-peer-reviewed
clinical studies from pre-
print servers (n = 5)

Fig. 1 Flowchart depicting the steps of qualitative synthesis of evidence from the literature. HCQ hydroxychloroquine, /CTRP (WHO) interna-

tional clinical trials registry platform of the world health organization
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et al. [24] have reported QT prolongation associated with
HCQ treatment. HCQ therapy was associated with serious
adverse reactions, such as death, QT prolongation, first-
degree atrioventricular block, diarrhea, and blurred vision
in the non-peer-reviewed studies included from pre-print
servers [26-30].

Key adverse events
with HCQ use

3.4 Critical Appraisal of the Included Studies

It is relevant to mention that there were several major meth-
odological limitations to these studies as evident from the
high risks of bias in the majority of the included studies. The
randomized controlled trials had mostly selection, perfor-
mance, and detection biases, while the observational studies
had predominantly comparability, exposure, and outcome
biases. The studies of Chen et al. [21] and Gautret et al. [31]
were underpowered. Chen et al. [21] included patients with
mild symptoms only and they were concomitantly treated
with other antivirals. In the first study, Gautret et al. [31] did
not randomize the patients or include drop-outs in the final
analysis. There were heterogeneities in terms of the viral
load between the two groups at baseline and the investiga-
tors deviated from the registered protocol in terms of the
outcome measures. Clinical outcomes, although extremely
important, were not reported. In the second study, Gautret
et al. [19] neither included a control arm nor mentioned the
eligibility criteria precisely. Likewise in the study of Geleris
et al. [23], the HCQ-treated patients were more severely ill
at baseline. In the study of Chen et al., there was a small
improvement in body temperature and cough with a higher
dose of HCQ. However, the endpoints specified in the pub-
lished protocol differed from those reported, the results of
the low-dose HCQ group were not reported, and the trial was
prematurely terminated [26]. The largest observational study
of Million et al., with a sample size of 1061 patients, also did
not have a control arm [25]. Further, no clinically relevant
medium- or long-term follow-up data are reported in any of
these studies. Another major factor to be considered is that
very few studies have focused on the safety aspect of HCQ
in the treatment of COVID-19.

bination, the QTc

Results of the pri-

mary outcomes

With the drug com- QT prolongation
prolongation was
several-fold

Primary outcome

Baseline QTc and
post-medication
critical QTc
prolongation

Study arms

HCQ alone or in
combination with
azithromycin

azithromycin, and

combination with
with two elec-

trocardiograms
performed

Inclusion criteria

Tested positive
for COVID-19,
treated with
HCQ alone or in

(mean+SD or

range)

Age in years
62+17

Sample size (treat-
ment/control) and

male (%)
98 (61% male)

4 Discussion

We systematically reviewed the literature and compiled
the available evidence of the therapeutic role of HCQ in
COVID-19 from clinical studies. In silico studies have
shown the disruption of the interaction of the S protein of
SARS-CoV-2 with the host cell membrane following the
application of HCQ, as well as the role of HCQ that can
complement an evolving SARS-CoV2 main protease [6].
A good in vitro efficacy of HCQ alone or in combination
with azithromycin against SARS-CoV-2 was shown in vitro

Retrospective anal-
ysis of hospital
records (observa-
tional study)

Study design

All studies involved hospitalized (non-ICU) patients with conformed SARS-CoV-2 infection

COVID-19 Coronavirus Disease-19, HCQ hydroxychloroquine, ICU intensive care unit

Table 2 (continued)

Author (country)
Ramireddy et al.
[30] (USA)
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pre-clinical studies as well [6, 8, 9]. Some other authors
have also demonstrated the in vitro efficacy of HCQ against
SARS-CoV in Vero cells and Crandell-Reese feline kidney
(CRFK) cells [32]. However, the translational value of the
pre-clinical studies to clinical ones is of concern. Despite
showing good in vitro efficacy, CQ showed poor in vivo
efficacy in earlier studies with Zika virus [33], Ebola virus
[34, 35], and Chikungunya virus [36], as well as poor clini-
cal outcomes in dengue fever [37, 38] and influenza [39].
This in vitro-in vivo disparity may be partly because of the
complex pharmacokinetics of 4-aminoquinolines [40], and
hence, the same applies to HCQ. This warrants further clari-
fication about COVID-19 pathogenesis before using HCQ
despite promising in vitro results [41].

Likewise, although some of the clinical studies have
shown a good efficacy of HCQ alone or in combination with
azithromycin in achieving virological as well as clinical end-
points in patients with COVID-19, the studies had major
methodological limitations. A majority of the included
studies had high risks of bias. Some studies showed nega-
tive results with HCQ along with serious concerns of HCQ-
related toxicities. None of the studies included critically ill
COVID-19 patients with multiple co-morbidities and the
treatment period was very short. Hence, the real clinical
benefits of HCQ in COVID-19 are still elusive. It is impor-
tant to mention that although viral clearance is important,
medium- and long-term clinical outcomes are much more
relevant, and these need to be studied.

The daily divided dose of HCQ studied in COVID-19
was between 400 mg and 1200 mg for 5-10 days. The dos-
ing recommendations for HCQ in the special population,
such as pregnant women, obese patients, and pediatric popu-
lation or patients with systemic co-morbidities diagnosed
with COVID-19 are unavailable. Based on the 50% maximal
effective concentration (ECsj), the therapeutic dose of HCQ
can be calculated. A physiologically based pharmacokinetic
modeling study recommended a loading dose of HCQ of
400 mg twice daily for 1 day followed by 200 mg twice daily
for the treatment of COVID-19 [8]. Through simulation, it
was found that a loading dose of 800 mg of HCQ followed
by 600 mg in 6 h and then 600 mg daily for 4 days achieved
a daily trough concentration above EC50 in>50% of the
subjects [42].

From the safety point of view, short-term HCQ treatment
has been considered safe, even in pregnancy [43]. However,
the addition of azithromycin may lead to QT prolongation
[44], as well as bundle branch block [45]. Nonetheless, these
issues could be tackled with the inpatient use of ambula-
tory telemetry monitors [46]. The use of HCQ was found
to be safe in some of the included clinical studies, while
in the other it led to serious adverse reactions, including
death. HCQ treatment might warrant monitoring of blood
counts, serum electrolytes, blood glucose, and liver and
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renal functions [47]. In an earlier systematic review, the
authors recommended that HCQ is worthy of treatment as
an experimental drug in COVID-19 [47]. However, because
of the lack of robust data on the efficacy and safety of HCQ,
other authors have vouched for clinically relevant medium-
and long-term follow-up results and safety data from well-
designed robust studies before advocating the routine use of
HCQ in COVID-19 [48]. The need for a robust antimicrobial
stewardship program to fight the COVID-19 pandemic has
also been stressed [49]. Two recent editorials in the British
Medical Journal [13] and New England Journal of Medicine
[50] have highlighted the need for well-designed, adequately
powered, randomized controlled trials of CQ or HCQ, and
a recent article in the Lancet has also raised concern on the
use of HCQ in critically ill COVID-19 patients [51]. Like-
wise, a recent systematic review in JAMA has stressed the
efficacy of HCQ alone or in combination with azithromycin
in COVID-19, although the authors have highlighted the
importance of randomized clinical trials before the wide-
spread use of these drugs [52].

It is pertinent to mention here that HCQ has been also
advocated to be used as a prophylactic agent against COVID-
19 for some specific high-risk population like asymptomatic
healthcare workers involved in the care of suspected or con-
firmed cases of COVID-19 and asymptomatic household
contacts of laboratory-confirmed cases [53]. In a previous
systematic review, it was shown that although pre-clinical
results with HCQ are promising, there is a dearth of evi-
dence to support the clinical efficacy of HCQ in preventing
COVID-19 [54]. Similar views were published in other jour-
nals [55, 56]. Several ongoing clinical trials are evaluating
the prophylactic and therapeutic role of HCQ in COVID-19.
The results, including the interim ones, of these trials are
awaited.

However, in this ongoing challenging scenario, consider-
ing the absence of any other definitive therapy in COVID-
19, the mixed efficacy, and the safety profile of HCQ, we feel
that clinicians should carefully weigh risks and benefits of
HCQ alone or in combination with azithromycin. Consider-
ing that COVID-19 itself can have cardiac manifestations
[16], periodic QT interval should be monitored in COVID-
19 patients on HCQ. At the same time, it is necessary to
define when a treated patient can be considered as no longer
contagious after treatment with HCQ and the viral load can
come handy [57]. There is enough rationale to justify the
continued investigation of the efficacy and safety of HCQ
in COVID-19 patients [58]. Based on the preliminary trial
results, some countries, in fact, have already incorporated
HCQ into their treatment protocols for certain patients with
COVID-19 [47].

There are certain limitations to our review. To date,
there is a dearth of adequate data from well-designed stud-
ies on this topic of interest. There was some heterogeneity
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in the HCQ treatment regimens across the clinical stud-
ies. Some non-peer-reviewed studies from pre-print serv-
ers were included, the final version of which are likely to
change after publication. Pre-clinical and clinical studies
are ongoing, and most likely new information will be rap-
idly be added to the existing literature shortly. As of 5 May
2020, 171 and 107 clinical studies on HCQ in COVID-19
have been registered in ClinicalTrials.gov [59] and the
International Clinical Trials Registry Platform (ICTRP) of
the World Health Organization (WHO) [60]. Further, our
review mostly focused on the adult population, and hence,
the generalizability to the special populations (pregnant,
lactating, pediatric, or geriatric) and those with systemic
co-morbidities affecting the pharmacokinetics and phar-
macodynamics of HCQ is questionable. However, a recent
study with CQ, having a similar pharmacokinetic profile
as that of HCQ, has shown that the influence of renal
function, critical illness, or obesity on its action is prob-
ably limited [61]. Notwithstanding these limitations, this
systematic review included a large sample size (3543) of
COVID-19 patients and the results of this study will add
to the knowledge of the treating clinicians who are using
HCQ in COVID-19 patients in their care.

5 Conclusion

In this systematic review, we have found that the results
of efficacy and safety of HCQ in COVID-19, as obtained
from 12 clinical studies, is not satisfactory, although many
of these studies had major methodological limitations.
Stronger evidence from well-designed robust randomized
clinical trials is required before conclusively determining
the role of HCQ in the treatment of COVID-19. Clini-
cal prudence is required to advocate HCQ as an unmiti-
gated therapeutic armamentarium in COVID-19. Also, the
potential of HCQ as a chemo-prophylactic agent against
COVID-19 needs to be explored.
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