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ABSTRACT

Since the first outbreak of Coronavirus Disease-
2019 (COVID-19) in January 2020, the medical
community has been pursuing effective coun-
termeasures. Early in the pandemic, several
small clinical and in vitro studies from France
and China reported on the efficacy of chloro-
quine (CQ) and hydroxychloroquine (HCQ)
against SARS-CoV-2 infections, which generated
global attention towards these decades-old
antimalarials (AM) and heralded numerous
studies investigating their role in treating
COVID-19. Despite several observational studies
early in the pandemic affirming their beneficial
role in treating COVID-19, 12 clinical studies
reported no mortality benefits for CQ/HCQ in
COVID-19 patients. The excitement over CQ/

HCQ was ultimately quenched after three large
randomized clinical trials, the COALITION-I
trial in Brazil, the RECOVERY trial in the United
Kingdom (UK), and the SOLIDARITY trial from
World Health Organization (WHO) consistently
reported no beneficial effects for CQ/HCQ in
hospitalized COVID-19 patients. While initial
studies suggested that CQ/HCQ might have a
role in treating the early phases of infection, the
results from three rigorously designed studies
investigating their role in non-hospitalized
COVID-19 patients were equivocal and incon-
sistent. Here we review the major social events
related to the therapeutic use of CQ/HCQ in
COVID-19, and the data from selected clinical
studies evaluating their efficacy in hospitalized
and non-hospitalized COVID-19 patients along
with the major safety concerns.
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Key Summary Points

Following the initial attention given to
chloroquine/hydroxychloroquine (CQ/
HCQ) at the start of the COVID-19
pandemic, multiple observational studies
presented data on mortality benefits and
side effects of these medications.

There is overwhelming evidence that CQ/
HCQ do not have significant efficacy against
SARS-CoV-2 infections.

This paper reviews the data regarding the use
of CQ/HCQ in hospitalized and non-
hospitalized COVID-19 patients along with
the major safety concerns.

This information may help practitioners
guide their patients as they treat them for
COVID-19.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14465826.

INTRODUCTION

Antimalarials (AM), including chloroquine
(CQ) and hydroxychloroquine (HCQ) are some
of the key medications used by rheumatologists;
however, their recent notoriety with the ongo-
ing pandemic has given practitioners pause [1].
The initial excitement for a potential treatment
of coronavirus disease 2019 (COVID-19) [2, 3]
was soon replaced by challenges including drug
shortages [4, 5] and pushback from the medical
community questioning the safety of medica-
tions [6, 7] that rheumatologists have long
known to be safe.

CQ, a decades-old antimalarial agent and
disease-modifying antirheumatic drug

(DMARD), modulates inflammation through
interference with lysosomal function, autop-
hagy, and inhibition of Toll-like receptors
(TLRs) signaling via endosome acidification [8].
Its derivative, HCQ, was found to have more
potent immunomodulatory and antiviral prop-
erties as well as a better safety profile [9, 10].
Multiple in vitro studies showed the activity of
CQ/HCQ against different subtypes of coron-
aviruses, including severe acute respiratory
syndrome coronavirus (SARS-CoV-1) and Mid-
dle East respiratory syndrome coronavirus
(MERS-CoV) [11, 12]. HCQ was proposed as a
treatment for COVID-19 based on its in vitro
SARS-CoV-2 antiviral activity [13, 14]. Subse-
quently, two preliminary clinical studies from
China [15, 16] and France [2] reported that CQ
and HCQ were associated with improved clini-
cal outcomes and accelerated viral clearance in
COVID-19 patients, which fueled further
exploration into the therapeutic role of CQ/
HCQ in combating COVID-19. However, fol-
lowing its rise to worldwide attention, the role
of CQ/HCQ in COVID-19 looms in a mist of
equivocal benefit and potential toxicity.

The current publication reviews the major
social and political events related to AM use in
COVID-19 and summarizes selected data on AM
use among hospitalized and non-hospitalized
COVID-19 patients.

METHODS

The NCBI PubMed database was searched for
publications using the following search string:
‘‘(Chloroquine OR Hydroxychloroquine) AND
(2019 novel Coronavirus disease OR COVID-19
OR SARS-CoV-2 OR novel Coronavirus infection
OR 2019-ncov infection OR Coronavirus disease
2019 OR Coronavirus disease-19 OR 2019-ncov
disease OR COV OR Coronavirus). Google was
used to search for preprint publications, abstracts
and relevant news items. Results were limited to
January 2020 through March 2021. The search
was limited to the publications written in Eng-
lish, Chinese, Spanish, Italian, and French, with
the article type being either an observational
study or a clinical trial. The eligibility criteria
were as follows: (1) included C 5 people infected

682 Rheumatol Ther (2021) 8:681–691

https://doi.org/10.6084/m9.figshare.14465826
https://doi.org/10.6084/m9.figshare.14465826


with SARS–CoV-2; (2) included patients with
COVID-19 confirmed by either laboratory results
or clinical symptoms; (3) focusedon the effects of
CQ/HCQ against SARS-CoV-2; (4) was published
after January 1, 2020; (5) was original research;
(6) had one of the following outcomes: death,
ventilator-free days, escalation of care (intensive
care unit transfer), length of hospital stay,
symptom resolution, viral clearance; (7) had low
risk of bias based on the risk of bias tools [17].
Articles that did not fulfill these inclusion crite-
ria, did not present primarydata, had insufficient
data, or description of the methodology were
excluded from the review. Two reviewers work-
ing independently (WT and ADA) evaluated eli-
gibility basedon reviewof the abstracts and titles.
Disagreements regarding eligibility were
resolved by consensus discussion. A limitation of
the study is that databases other than NCBI
PubMed were not searched. Of the 120 articles
retrieved, 77 articles clearly did not address the
topic of interest and were excluded. Subse-
quently, the remaining 43 selected articles were
reviewed in full. Additional relevantpublications
cited in the articles collectedwere also examined.
In total, 26 observational studies and clinical
trials were ultimately included. This article is a
review of previously conducted studies and does
not contain any studies with humanparticipants
or animals performed by any of the authors.

Hydroxychloroquine in the Management
of COVID-19: A Snapshot of Big Events

Gautret et al. conducted the first clinical study
in 20 patients and concluded that HCQ had
efficacy against SARS-CoV-2 infection [2], which
attracted attention both scientifically and
politically. During a press conference on March
21st, the 45th President of the United States
declared that HCQ was a ‘‘game changer’’ for
COVID-19 treatment. One week later, the Food
and Drug Administration (FDA) issued an
emergency authorization to allow off-label use
of CQ/HCQ for the treatment of hospitalized
COVID-19 patients based on ‘‘limited in vitro
and anecdotal clinical data’’ [3]. Shortly after,
the American Thoracic Society released an
interim guidance on COVID-19 management

and suggested the use of CQ/HCQ in hospital-
ized COVID-19 patients who had evidence of
pneumonia on a case-by-case basis [18]. Mean-
while, the Infectious Disease Society of America
(IDSA) guidance recommended the use of HCQ
and azithromycin (AZ) for COVID-19 patients,
preferably in clinical trial settings [19]. Safety
questions regarding the use of CQ/HCQ in
COVID-19 patients emerged and rapidly accu-
mulated, specifically a growing concern for
prolongation of QT interval and subsequent
life-threatening cardiac arrhythmias. As a result,
on April 24th, the FDA cautioned against the
use of CQ/HCQ for COVID-19 outside of the
hospital setting or a clinical trial due to this
increased risk of arrhythmias [6]. Following the
RECOVERY trial results showing no mortality
benefits for HCQ in hospitalized COVID-19
patients [20], the FDA ultimately revoked the
emergency use authorization of CQ/HCQ in
COVID-19 on June 15th with the conclusion
that ‘‘the drug is unlikely to be effective, and
potential risks outweigh the benefits’’ [7].

On June 17th, the WHO announced termi-
nation of patient enrollment in the SOLIDAR-
ITY trial’s HCQ arm because the interim results
showed that HCQ did not reduce mortality in
hospitalized COVID-19 patients [21, 22]. Con-
sequently, countries that had once recom-
mended HCQ for COVID-19 treatment,
including France, Italy, and Belgium, all moved
to stop HCQ use in hospitalized patients.
However, the Spanish Agency for Medicines and
Health Products (AEMPS), unlike other Euro-
pean nations, continued to use HCQ for SARS-
CoV-2 treatment, probably due to a lack of
security alerts from the clinical studies under-
way in Spain [23]. Likewise, China continues to
allow the off-label use of HCQ as an anti-viral
agent in the early course of COVID-19, espe-
cially for patients who are at high risk for severe
illness (Fig. 1) [24].

Hydroxychloroquine Against COVID-19:
Molecular Basis

SARS-CoV-2 binds to the angiotensin-convert-
ing enzyme-2 (ACE-2) receptor on the surface to
enter host cells via its spike protein, the most
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immunogenic part of the virus [25]. Subsequent
recognition and presentation of viral antigens
activate both innate and adaptive immunity
and lead to release of a large amount of pro-
inflammatory cytokines and chemokines,
including TNF, interferon-gamma, IL-1, IL-6, IL-
18, and IL-33 [26, 27]. This inflammatory pro-
cess becomes exaggerated in some patients and
produces a ‘‘cytokine storm’’ that rapidly pro-
gresses to acute respiratory distress, coagulopa-
thy, multi-organ failure, and death [28, 29].

The potential role of CQ/HCQ against SARS-
CoV-2 infection is postulated based on its anti-
viral and immunomodulatory properties. The
exact molecular mechanism of its antiviral
activity remains unclear, but it has been pro-
posed that CQ/HCQ interferes with the entry of
SARS-CoV-2 into host cells. CQ/HCQ accumu-
lates in lysosomes and raises the pH level of
endosomes that SARS-CoV-2 utilizes for entry
and exit [30]. In addition, CQ/HCQ may reduce
terminal glycosylation of ACE-2 receptors,
dampening effective virus-receptor binding
[31]. On the other hand, the immunomodula-
tory property of CQ/HCQ could inhibit pro-
duction of cytokines and modulate the
subsequent ‘‘cytokine storm’’. CQ/HCQ can
raise the pH of endosomal compartments and
hence inhibit the activities of lysosomes and
autophagosomes that are both involved in the
antigen presentation process, which eventually
lead to less T and B cell activation and subse-
quent production of cytokines. In addition, the
rise in endosomal pH also affects TLR signaling

by inhibiting TLR–ligand interactions and
hence further reduce cytokine formation [8].

Hydroxychloroquine Against SARS-CoV-2:
In Vitro Studies

Several in vitro studies suggested potential roles
for CQ/HCQ in SARS-CoV-2 infections. Wang
et al. first demonstrated that CQ functioned at
both entry and post-entry stages of SARS-CoV-2
infection in Vero E6 cells, an epithelial cell line
used to studying viral growth, with a 90%
maximal effective concentration (EC90) value of
6.9 lM, consistent with plasma levels in
rheumatoid arthritis (RA) patients treated with
CQ 500 mg daily [14]. Later, Liu et al. evaluated
the antiviral effect of HCQ and CQ against
SARS-CoV-2 infection in vitro and found that
the 50% cytotoxic concentration (CC50) of HCQ
(CC50 = 249.50 lM) and CQ (CC50 = 273.20
lM) were similar [10]. Yao et al. further evalu-
ated the 50% maximal effective concentration
(EC50) of both drugs in SARS-CoV-2-infected
Vero cells and found that HCQ (EC50 = 0.72 l)
was lower than CQ (EC50 = 5.47 lM). Based on
pharmacokinetic (PBPK) models, they suggested
administration of oral HCQ for SARS-CoV-2
infection using a loading dose of 400 mg twice
daily followed by a maintenance dose of 200 mg
twice daily for 4 days [9].

Fig. 1 Snapshot of big events related to the use of HCQ in COVID-19
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Hydroxychloroquine in Hospitalized
COVID-19 Patients

In April 2020, a small randomized clinical trial
conducted in China involving 48 patients with
moderate COVID-19 first reported that both CQ
and HCQ shortened the time to clinical recovery
(TTCR), which was defined as the number of
days from randomization to clinical recovery
[16]. Shortly after, another open-label non-ran-
domized clinical trial conducted in France,
albeit limited by its small sample size (a total of
36) and overall study design, concluded that
HCQ treatment was associated with faster viral
clearance in COVID-19 patients and this effect
was increased by AZ [2]. This clinical study
attracted the attention of physicians and
researchers around the world and encouraged
the launch of a number of observational studies,
which produced inconsistent results. Four
observational studies, two from Spain [32, 33],
one from China [34], and one from the US [35]
reported an association between administration
of HCQ and lower mortality in hospitalized
COVID-19 patients. However, a number of other
observational studies conducted in the hospital
settings reported no mortality benefit with AM
use [36–43]. Many of these studies have been
limited by multiple methodology issues and
design flaws including lack of randomization,
limited sample size, poorly defined outcomes,
and multiple confounders. A systematic review
and meta-analysis of antirheumatic disease
therapies for the treatment of COVID-19
reviewed 14 studies for HCQ and five studies for
CQ conducted before August 2020 and con-
cluded that HCQ use was not associated with a
mortality benefit in people with COVID-19 [44].

Of note, three large randomized clinical tri-
als failed to show an association between HCQ
use and decreased mortality. The RECOVERY
trial in the UK announced its early closure of
the HCQ arm after an interim analysis found
that among patients hospitalized with COVID-
19, those who received HCQ did not have lower
death rates at day 28 compared to those who
received standard care [20]. In addition, this
trial reported that patients in the HCQ group, if
not intubated at baseline, had a higher occur-
rence of invasive mechanical ventilation and

death. The COALITION-I trial in Brazil [45],
another large multicenter randomized con-
trolled trial involving a total of 504 patients
with confirmed mild-to-moderate COVID-19
disease revealed that the use of HCQ, either
alone or with AZ, did not improve 15-day
ordinal clinical-status outcome as compared to
standard care. Moreover, QT prolongation and
elevation of hepatic enzymes were more com-
monly reported in the HCQ-only group and in
the combination therapy group as compared
with the control group. More recently, the
WHO released the interim results of its high-
profile SOLIDARITY trial that includes a total of
1863 patients in the HCQ arm, which, similar to
the two aforementioned trials, showed no dif-
ference regarding in-hospital mortality at any
time in the HCQ group versus controls [risk
ratio (RR) 1.19; 95% confidence interval (CI),
0.89–1.59]. A recent meta-analysis involving a
total of 32,934 participants from 17 clinical
studies concluded that HCQ did not decrease
mortality (RR 0.83; 95% CI 0.65–1.06) while the
combination of HCQ/AZ was associated with
increased mortality (RR 1.27; 95% CI 1.04–1.54)
[46]. Similarly, two earlier meta-analyses iden-
tified no difference in virologic cure, death, or
clinical worsening of disease between COVID-
19 patients treated with HCQ and standard care
[47, 48].

In summary, these findings suggest that
HCQ is not effective in the treatment of hospi-
talized COVID-19 patients. While HCQ has
both anti-inflammatory and anti-viral proper-
ties against COVID-19, the weak immunomod-
ulatory effects might be inadequate to halt
progression of disease and associated cytokine
storm in severely ill patients. This could explain
the lack of mortality benefit in hospitalized
COVID-19 patients.

Hydroxychloroquine in Non-Hospitalized
COVID-19 Patients

Multiple studies have explored the role of HCQ
earlier in the clinical course of COVID-19. Some
observational studies have suggested benefit.
For example, a recently published observational
study in New Jersey (USA) reported an
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association between exposure to HCQ and a
decreased rate of hospitalization from COVID-
19 [odds ratio (OR) 0.53; 95% CI 0.29–0.95]
among 1274 outpatients with documented
SARS-CoV-2 infection [49]. However, random-
ized controlled trials have not shown benefit. A
double-blind, randomized, placebo-controlled
study across the USA and Canada including 423
symptomatic non-hospitalized, laboratory-con-
firmed COVID-19 patients failed to detect a
significant change in symptom severity over 14
days between patients receiving HCQ or pla-
cebo within 5 days of symptom onset using a
ten-point visual analogue scale. Of note, the
trial reported more medication-adverse effects
in the HCQ group versus placebo group (43%
versus 22%, P\0.001) [50]. A similar multi-
center, open-label study in Catalonia enrolled
and randomized 293 patients to either treat-
ment with HCQ for 1 week or no antiviral
treatment. Results showed that there was no
difference between the two groups in terms of
mean viral load reduction at day 3 or 7, risk of
hospitalization or time to complete resolution
of symptoms [51]. However, it should be poin-
ted out that these studies enrolled younger and
healthier patients with lower risk of hospital-
ization, which might render these trials under-
powered to detect significant differences. A pre-
print meta-analysis that included 5577 patients
from five randomized controlled clinical trials
concluded that HCQ use in outpatients reduces
the incidence of the composite outcome of
SARS-CoV-2 infection, hospitalization, and
death, while serious adverse events were not
reported and cardiac arrhythmias were rare [52].

A total of 270 clinical studies investigating
the role of CQ/HCQ in COVID have been reg-
istered around the world according to the
search result from the US National Library of
Medicine. Among them, 54 studies were com-
pleted, 51 studies were terminated, suspended,
or withdrawn, and 111 studies are active or
recruiting.

Scientific and clinical enthusiasm for HCQ as
a potential therapy for COVID-19 resulted in a
temporary HCQ shortage early in the pandemic,
which inevitably affected the population of
patients with rheumatic diseases. A survey by
Systemic Lupus International Collaborating

Clinics (SLICC) in May 2020 showed that 55%
of the clinics in different countries and conti-
nents were confronted with HCQ shortages
among patients with SLE during the pandemic.
The number and proportion of the patients
affected corresponded to a median of 40 [in-
terquartile range (IQR) 15–90] patients per
physician representing 15% (IQR 5–35%) of
their respective SLE populations [4]. As a result,
the COVID-19 Global Rheumatology Alliance
issued a joint statement to call on prioritizing
HCQ for the treatment of lupus and other evi-
dence-bases rationales, and to emphasize wise
and conservative use of HCQ for COVID-19
until emergence of more reliable data, which
was also supported by Lupus Foundation of
America (LFA) [5].

Hydroxychloroquine: Safety Concerns
in COVID-19 Patients

Cardiotoxicity is the most serious concern in
patients treated with CQ/HCQ, including con-
duction defects such as bundle branch block
and atrioventricular heart block [53], car-
diomyopathy resulting in heart failure, and
sudden cardiac arrest [54]. Its use has also been
associated with QTc prolongation that potenti-
ates fatal arrhythmias such as torsades de
pointes and ventricular arrhythmias. The
mechanism underlying the QTc prolongation is
the blockade of a voltage-gated potassium
channel central to the delayed rectifier potas-
sium current (IKr) that lengthens ventricular
repolarization [55]. The incidence of these car-
dio-toxic effects in CQ/HCQ users pre-COVID is
exceedingly rare and there is no indication for
surveillance or monitoring in patients treated
with CQ/HCQ for rheumatological indications.

The risks of cardiotoxicity from CQ/HCQ
might be amplified in COVID-19 patients for
several reasons. First of all, severe cardiovascular
complications, including arrhythmias, acute
cardiac injury, and shock have been frequently
described in COVID-19 patients. A case series in
Wuhan, China, describing clinical characteris-
tics of 138 hospitalized COVID-19 patients
reported arrhythmia (16.7%), acute cardiac
injury (7.2%), and shock (8.7%) as common
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cardiovascular complications [56]. Another case
series of 21 severely ill patients in the USA
reported that seven patients (33%) developed
cardiomyopathy [57]. Furthermore, other risk
factors for cardiovascular events were prevalent
in COVID-19 patients, including elevated
interleukin-6 levels [58], co-administration of
other QT-prolonging drugs (e.g., AZ) [36], and
electrolyte imbalance such as hypokalemia [59].

Concerns about cardiotoxicity among
patients with COVID-19 receiving CQ/HCQ
emerged early in the pandemic. An analysis of a
large multinational registry of COVID-19
patients treated with CQ/HCQ reported
increased frequency of ventricular arrhythmias
and received substantial coverage in the lay
press, but the publication was subsequently
retracted due to concerns about the authentic-
ity of the data [60, 61]. A small study of high-
(600 mg twice daily for 10 days) versus low-dose
(450 mg twice on day 1 and once daily for 4
days) CQ among hospitalized patients with
COVID-19 was stopped early based on greater
QTc prolongation (instance of QTc greater than
500 ms, 18.9% versus 11.1%) and higher mor-
tality (mortality through day 13, 39.0% versus
15.0%) among patients in the high-dose group,
and other small studies raised similar concerns
regarding QTc prolongation [45, 62]. However,
the SOLIDARITY and RECOVERY trials did not
suggest significant cardiotoxicity associated
with HCQ [20, 63].

A recent study involving two prospective
rheumatoid arthritis (RA) cohorts (n = 307) and
one retrospective SLE cohort (n = 374) demon-
strated that QTc length did not significantly
differ in HCQ users compared to non-HCQ users
even after adjusting for potential clinical con-
founders (e.g., age, sex, race, disease activity,
concurrent medication use), and HCQ was not a
significant predictor of prolonged QTc[440
ms or[500 ms. Moreover, QTc[500 ms was
not associated with arrhythmias or deaths in
SLE. The study also reported that use of HCQ
combined with QTc-prolonging medication was
associated with a comparable QTc length com-
pared to HCQ alone (434 ms versus 433 ms)
[64]. These results from RA and SLE patients
challenges the concern that HCQ use induces

QTc prolongation and predisposes recipients to
arrhythmias among rheumatic disease patients.

CONCLUSIONS

CQ/HCQ have gained significant scientific and
political attention as several in vitro experi-
ments and small clinical studies reported their
efficacy against SARS-CoV-2 infection early in
the beginning of the pandemic. However, the
overwhelming evidence from large epidemio-
logical studies and clinical trials is that CQ/
HCQ do not have significant mortality benefits
in hospitalized COVID-19 patients. Studies
investigating their role in the early phases of
infection are equivocal and inconsistent, and
thus unable to support benefits for outpatients
with COVID-19. In addition, cardiotoxicity,
especially the prolongation of QTc, raised the
major concerns.

Rheumatologists on the front lines in the
fight against COVID-19 embraced the re-pur-
posing of antimalarials and were disappointed
in the lack of efficacy noted across studies. Of
course, dose, timing, serum concentrations, and
treatment duration all are important in the
evaluation of efficacy of AMs and some of the
studies did not account for these critical issues.
Although highly effective vaccines have been
developed, there continue to be limitations in
vaccine availability and the emergence of SARS-
CoV-2 variants. Therefore, effective treatments
for COVID-19 remain essential. We can only
hope that CQ and HCQ will be returned to their
rightful and dignified place in the care of
rheumatology patients, where their efficacy and
safety are above all controversy.
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