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ABSTRACT

Introduction: The 4-aminoquinolines, chloroquine, and hydroxychloroquine have been used for over
70 years for malaria and rheumatological conditions, respectively. Their broad-spectrum antiviral
activity, excellent safety profile, tolerability, low cost, and ready availability made them prime repurpos-
ing therapeutic candidates at the beginning of the COVID-19 pandemic.

Areas covered: Here, the authors discuss the history of hydroxychloroquine and chloroquine, the
in vitro data which led to their widespread repurposing and adoption in COVID-19 and their complex
pharmacokinetics. The evidence for the use of these drugs is assessed through in vivo animal experi-
ments and the wealth of conflicting data and interpretations published during COVID-19, including the
more informative results from randomized controlled trials (RCTs). The safety aspects of these drugs, in
particular cardiotoxicity, are then reviewed.

Expert opinion: The evidence from clinical trials in COVID-19 supports the well-established safety
record of the 4-aminoquinolines at currently recommended dosage. In hospitalized patients with severe
COVID-19 RCTs show clearly that the 4-aminoquinolines are not beneficial. The only treatments with
proven benefit at this stage of infection are immunomodulators (dexamethasone, IL-6 receptor antago-
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nists). No antiviral drugs have proven life-saving in late-stage COVID-19.

1. Introduction

Chloroquine and hydroxychloroquine have been used for over
70 years in malaria and rheumatological conditions [1]. Their
broad-spectrum antiviral activity, excellent safety profile, toler-
ability, low cost, and ready availability made them prime
repurposing therapeutic candidates in the COVID-19 pan-
demic. Unfortunately, excessive and contradictory (and in
one case fabricated) claims for either efficacy or lack of effi-
cacy, and for cardiotoxicity, compounded by intense politici-
zation and mixed messages from regulatory authorities, have
created substantial antipathy and compromised their rigorous
evaluation in the prevention and early treatment of COVID-
19." Another major source of confusion has been conflation of
antiviral effects in prevention of COVID-19, or in early treat-
ment (at the time of symptom onset and peak viral burdens),
with later effects in more severely ill patients (in whom viral
burdens are much lower and inflammatory processes predo-
minate) [2]. Large randomized controlled trials (RCTs) in hos-
pitalized  patients show clearly that  high-dose
hydroxychloroquine is not beneficial in late-stage illness [3,4].
In contrast, the signal from smaller RCTs in prevention and
early disease is in the direction of clinically significant, albeit
modest, benefit, but this is far from conclusive [5-11].
Observational studies have provided a broad range of preven-
tive and treatment efficacy estimates. There has been
a plethora of case reports and uncontrolled observations
rediscovering electrocardiograph QT prolongation but, with

the exception of one study in which chloroquine was clearly
overdosed [12], and a potentially cardiotoxic interaction with
azithromycin [13], there is no convincing evidence for signifi-
cant cardiotoxicity in the treatment of COVID-19 when these
drugs are used alone. Completion of large RCTs, with sufficient
power to identify smaller benefits, is needed to determine if
4-aminoquinolines do have significant efficacy in the preven-
tion or in the early treatment of COVID-19, and thus if they still
have any role in the COVID-19 pandemic. This is especially
important while there exists no alternative. Much of the
world’s population will remain unvaccinated over the next
one or 2 years, and contingency measures are needed if
vaccine escape mutants emerge and spread. Meanwhile,
hydroxychloroquine continues to be recommended for
COVID-19 prevention or treatment in several countries.

1.1. History

1.1.1. Chloroquine

Chloroquine [7-chloro-4-[[4-(diethylamino)-1-methylbutyl]
amino] quinoline has been one of the most widely used
medicines ever [1]. It is a 4-aminoquinoline compound
which was discovered in Germany in 1934 in a research pro-
gram to develop new antimalarial drugs. Early clinical phar-
macology assessments in the USA, as part of the war-time
drug discovery effort, characterized the safety, tolerability,
and efficacy of potential antimalarial drugs. Chloroquine
was selected from a very long list of potential antimalarials

CONTACT William HK Schilling 8 william@tropmedres.ac @ Mahidol Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University

420/6 Rajvithi Road, Bangkok 10400, Thailand.
© 2021 Informa UK Limited, trading as Taylor & Francis Group


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14656566.2021.1898589&domain=pdf&date_stamp=2021-03-10

2 (&) W.H. SCHILLING AND N. J. WHITE

Article highlights

e The 70-year-old antimalarial and antirheumatic drugs, chloroquine
and hydroxychloroquine, have broad-spectrum antiviral activity,
including against SARS-CoV-2 in vitro.

e These drugs were rapidly repurposed and widely used early in the
COVID-19 pandemic before there was convincing evidence of benefit.

o Hydroxychloroquine has clearly been shown to be ineffective in the
treatment of severe hospitalized COVID-19 infections, but chloro-
quine and hydroxychloroquine have not been assessed adequately
in prevention or early treatment.

o Evidence from randomized controlled trials confirms the good safety
profile of these drugs at currently recommended doses.

o Larger, high-quality RCTs are needed to determine if the 4-amino-
quinolines have any role in prevention or early treatment in COVID-
19.

This box summarizes key points contained in the article.

as the most promising, although it was not evaluated fully
until the end of the Second World War [14,15]. By the 1950s,
its excellent efficacy, simple dose regimen, good tolerability,
safety, and low cost resulted in chloroquine becoming the
treatment of choice for all malaria throughout the world.
Hundreds of metric tons (corresponding to nearly
100 million malaria treatment doses) were dispensed
each year [16]. Chloroquine was a key component of the
global malaria eradication effort (1955-1967). Industrial pro-
duction peaked in 2004 when, in the last quarter of the year,
China alone reported production of over 400 tons.? But by
then, chloroquine resistance in P. falciparum was widespread
across the tropics, and chloroquine use has declined as coun-
tries switched to the more effective artemisinin combination
treatments (ACTs) for falciparum malaria. Overall, well over
5 billion treatments have been dispensed worldwide over the
past 60 years. As it is very slowly eliminated, chloroquine can
claim to be among the drugs to which humans have been
most exposed. Chloroquine was used both in the prevention
and in the treatment of malaria, and today it remains a first-
line treatment for non-falciparum malaria, except in Indonesia
and Papua New Guinea where there is high-level chloroquine
resistance in P. vivax [17]. Chloroquine was, and still is, used
to prevent malaria in pregnancy although it is no longer
effective in preventing falciparum malaria [17-19]. In the
1950s, chloroquine was even added in large quantities to
table salt in some regions to provide mass antimalarial pro-
phylaxis. Chloroquine was widely used for antimalarial che-
moprophylaxis across the tropics and, in many cases, was
taken continuously for many years. Chloroquine was also
found to be effective in the treatment of amoebic liver
abscesses and to possess important anti-inflammatory prop-
erties which provided benefit in rheumatological conditions.
The treatment of malaria required a short course treatment
(25 mg base/kg total dose-up to 50 mg/kg) given over 2 or
3 days, whereas high total doses (10 mg base/kg daily for 2
days followed by 5 mg base/kg daily for 2-3 weeks) were
used for the treatment of hepatic amoebiasis. Daily dosing
(3-5 mg base/kg/day) was required in rheumatological

conditions. Confusingly, because there are several different
salts of chloroquine, dose regimens are prescribed in weights
of base equivalent.

1.1.2. Hydroxychloroquine

Hydroxychloroquine, in which one ethyl group in the alkyl side
chain is hydroxylated, was synthesized in 1946.
Hydroxychloroquine was shown to have equivalent antimalar-
ial activity and to be slightly less toxic in experimental animals
[20]. It was developed more for its use in rheumatological
conditions [21]. Initially, both chloroquine and hydroxychlor-
oquine were used to treat rheumatoid arthritis, systemic lupus
erythematosus and other rheumatological diseases, but in
recent years, hydroxychloroquine has predominated.
Hydroxychloroquine is generally considered to be slightly
safer than chloroquine [20] although the evidence for this is
not strong. There is extensive experience with long-term use
mainly in the 3-6 mg base/kg day range (corresponding to
adult doses of 155 to 310 mg given as 200 or 400 mg of
sulfate salt). Daily doses up to 620 mg base (800 mg salt) have
been used.

2. Antiviral activity
2.1. Pharmacodynamics: mechanism of antiviral action

Both chloroquine and hydroxychloroquine have moderate to
weak broad-spectrum antiviral activities [22]. There are several
possible mechanisms of antiviral action against the single-
stranded RNA-enveloped virus SARS-CoV-2. These 4-aminoqui-
nolines interfere with the terminal glycosylation of the angio-
tensin-converting enzyme 2 (ACE2) virus receptor on host cells
[23] and also the viral spike S protein which may alter the
affinity of SARS-CoV-2 for its receptor, potentially inhibiting
key steps in cell entry. These are basic drugs which accumu-
late within cytoplasmic acidic organelles, including lysosomes
and endosomes, increasing their pH and inhibiting the activity
of pH-dependent lysosomal/endosomal proteases [23,24]. This
reduces the fusion process between the viral envelope and
lysosomal or endosomal membrane. Thus, the 4-aminoquino-
lines may prevent viral entry by reducing receptor binding and
membrane fusion. Another mechanism of cellular accumula-
tion is by nonspecific binding to membrane phospholipids,
although the role of this is uncertain. An in vitro experiment
suggested that low-dose chloroquine only had a small effect
in raising intravacuolar pH but acted on distal Golgi and pre-
lysosomal compartments to prevent normal sorting of lysoso-
mal enzymes, and thus induce mis-sorting of these enzymes in
a pH-independent manner [25]. In silico modeling suggests
that the 4-aminoquinolines may inhibit the viral RNA depen-
dent RNA polymerase [26]. Thus, although the exact mechan-
ism of antiviral activity of the 4-aminoquinolines is currently
unclear, there is no reason to believe that antiviral activity
against vaccine escape mutants would be compromised. In
COVID-19 treatment, their multiple immunomodulatory
actions may also be therapeutically relevant.



2.2. In-vitro antiviral activity

In vitro studies have been conducted on different cell lines. Most
studies have used Vero cells although antiviral activity has been
demonstrated in others, including respiratory cell lines. These
studies have reported half maximal effective concentration
(ECsq) values for SARS-CoV-2 ranging from 0.72 to 17.31 pM
[27,28]. There has been substantial variation between studies.
ECso values decrease with longer incubation times, suggesting
that a longer incubation allows for greater drug accumulation
and an augmented antiviral effect [29]. These concentrations are
some 10-1000 times higher than the levels required to inhibit
the growth of malaria parasites [30]. The antiviral activity of the
4-aminoquinoline drugs is greater when given earlier, at virus
entry rather than following entry into the cells [29]. Experiments
done on the closely related SARS-CoV with chloroquine demon-
strated a marked decline in activity if given later (90% inhibition
at 1 hr and 15% inhibition if given 7 h after infection) [31]. These
experiments suggest activity early in viral replication and point
to their most effective use early in the viral infection.

2.3. Transmembrane protease serine 2 and viral entry

Hoffmann et al. demonstrated decreased activity of chloro-
quine in a Vero cell line overexpressing a cellular protease,
Transmembrane Protease, Serine 2 (TMPRSS2), and the human
cancer cell line CALU-3 and concluded from this that *

chloroquine and hydroxychloroquine will exert no antiviral
activity in human lung tissue and will not be effective against
COVID-19, in keeping with the results of recent clinical trials’
[32]. This sweeping conclusion is unjustified for the following
reasons. First, chloroquine clearly does exhibit antiviral activity
against SARS-CoV-2 in human lung cell lines [33], as it did in
their experimental model, albeit at higher levels. Second, this
conclusion presupposes that the mechanism of antiviral action
in vitro or in vivo is understood and that chloroquine will not
work in the presence of TMPRSS2. However, chloroquine does
inhibit another human coronavirus which uses TMPRSS2
(HCoV-229E) in a human epithelial lung cell line (L-132) [34]
with activities in the low micromolar range. Third, it also
presupposes that TMPRSS2 is the critical mechanism of viral
entry in humans. This is unproven. The two in vivo mouse
models cited as evidence for the role of TMPRSS2 suggest
that this is not the only mechanism of viral entry, as the
TMPRSS2-independent inhibitor has some antiviral effect
[35], TMPRSS2 knockout mice do get disease [36] and, in
another in vivo experiment in mice with SARS-CoV, chloro-
quine did show clinical benefit against another coronavirus
which  uses  TMPRSS2  [22,37].  Furthermore, type
I pneumocytes, the majority of type Il pneumocytes and
some blood vessel endothelial cells in human lungs all lack
TMPRSS2 [38-40]. TMPRSS2 cannot therefore be ‘the whole
story.” Even if it is accepted that TMPRSS2 does play an impor-
tant role in human lung tissue, there is still no reason to
consider definitively that one particular lung cancer cell line
is a better model than others which also express TMPRSS2
(such as the A549 human respiratory cell line above [41]) or
indeed other cell lines which overexpress TMPRSS2, such as
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Caco-2, where an in vitro antiviral effect of chloroquine has
been demonstrated [42].

2.4. Animal studies

The 4-aminoquinolines have demonstrated in vivo antiviral
activity against a range of viruses, including the human
coronavirus, HCoV-OC43, in newborn mice pups, and HIV
in humans [43], but other studies have been negative, and
no animal studies have reported in vivo activity against
SARS-CoV-2 [43]. Mice, Syrian hamsters, ferrets, and non-
human primates have been used in therapeutic and vac-
cine animal assessments [44-46]. A study using a Syrian
hamsters and rhesus macaques infected with SARS-CoV-2
did not report any benefit from chloroquine administered
either prophylactically or therapeutically in terms of clin-
ical, virologic or pathology measures. However, the plasma
concentrations achieved in the macaques were low; 1.2 to
10 ng/ml in prophylaxis and 8 to 98 ng/ml in treatment
[47]. Tissue levels were comparable. These levels are ~100
times lower than the EC50 of these drugs against SARS-
CoV-2 in cell culture and were generally much lower than
those readily achieved in humans and considered as ther-
apeutic in rheumatological conditions (500-2000 ng/ml in
whole blood-plasma concentrations are 3-10 times lower
than that in whole blood). However, a later study using
cynomolgus macaques, in which exposures were much
higher (plasma concentrations ~200 ng/ml) again failed
to demonstrate benefit. In five cynomolgus macaques
infected by the intranasal and intratracheal route, pre-
exposure prophylaxis with hydroxychloroquine also did
not confer protection against infection with SARS-CoV-2.
Laboratory studies do provide useful information, but
direct predictions of in vivo activity extrapolated from free-
drug concentrations and in vitro activity in cell culture are
probably not justified.

2.5. Pharmacokinetic properties and biotransformation

Chloroquine and hydroxychloroquine have unusual pharma-
cokinetic properties. They have very large apparent volumes
of distribution and very slow terminal elimination (terminal
half-life >1 month) [48,49]. Absorption is relatively rapid and
reliable, but elimination is multiphasic with distribution
rather than elimination determining blood concentration
profiles [50,51]. The desethylated metabolites are also biolo-
gically active. There are no clinically significant pharmacoki-
netic interactions. These drugs concentrate markedly in
platelets and leukocytes so whole blood rather than plasma
or serum is the preferred matrix for pharmacokinetic studies
[1]. Chloroquine concentrates in cells [48] but tissue concen-
trations at the site of viral infection are not well-
characterized. The very large apparent volume of distribu-
tion necessitates giving a loading dose, but this must be
titrated against distribution, so it is often split to avoid
potential cardiovascular toxicity associated with transiently
high concentrations in the distribution phase [52,53].
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2.6. Observational studies

During the first months of the COVID-19 pandemic, when
4-aminoquinolines were promoted vigorously, a large number
of observational studies were reported. Overall, the observa-
tional data are confusing, and provide no clear signal. Some
studies suggested benefit (in some the reported protective
benefit was remarkable - see below) whereas other studies
suggested no benefit. This familiar problem in clinical research
raises concerns over biases and whether confounders have
been dealt with adequately. Reporting of toxicity (notably
electrocardiograph effects) has been very variable with many
observational studies repeating descriptions of the predictable
concentration-dependent ECG QT prolongation and describ-
ing this as ‘cardiotoxicity’ (and also failing to distinguish QRS
widening from JT prolongation - see section 3.5).

2.7. Prevention

The largest data sets describing pre-exposure prophylactic
efficacy (PrEP) against COVID-19 infection come from observa-
tional studies of those already taking hydroxychloroquine for
rheumatological conditions. A database analysis in Portugal of
26,815 SARS-CoV-2 positive patients and 333,489 negative
patients showed a nearly 50% (OR 0.51 (0.37-0.70)) reduction
in COVID-19 cases in those taking HCQ, after adjusting for age,
sex, and chronic treatments with corticosteroids and other
immunosuppressants [54]. An even larger beneficial effect
size was seen (OR 0.09 [95% Cl 0.01-0.94]) in a Chinese
study, where 616 patients with rheumatological disease taking
hydroxychloroquine were compared to those taking other
disease-modifying antirheumatic drugs although the numbers
actually exposed to COVID-19 were low [55]. Another case
series of 1641 patients with rheumatological autoimmune dis-
eases from ltaly suggested a higher prevalence of COVID-19 in
those with autoimmune systemic diseases and in those not
taking conventional synthetic disease-modifying antirheu-
matic drugs (csDMARDs), of which hydroxychloroquine is
a major representative [56]. A retrospective cohort study of
veterans in the US Veterans Health Administration clinical
database showed a non-statistically significant reduction in
SARS-CoV-2 infections (OR 0.79, 95% Cl 0.52-1.20), but the
mortality was significantly lower in those taking hydroxychlor-
oquine (OR 0.70, 95% Cl 0.55-0.89) [57]. In contrast to these
larger ‘positive’ reports, and other smaller reports of benefit,
there have been several other observational studies which
have not shown benefit in patients receiving hydroxychloro-
quine for rheumatological conditions, including another data-
base analysis of 159 patients taking hydroxychloroquine
compared with historical controls [58]. A publication reporting
a large retrospective observational study using the
OpenSAFELY platform, which comprises 40% of health records
in the UK, and 30,569 patients with rheumatological condi-
tions who had received =2 prescriptions of hydroxychloro-
quine in the previous 6 months found no difference in the
COVID-19 mortality of hydroxychloroquine users [59]. These
studies suffer variably from uncertain drug exposure, con-
founding by indication and underlying disease severity, as
patients with milder rheumatological illness are normally

started on drugs such as hydroxychloroquine and graduate
to other medications with more severe illness. In addition,
those with the rheumatological conditions requiring hydroxy-
chloroquine treatment may be more susceptible to COVID-19
[56]. Finally, although the databases were often very large, the
numbers of patients receiving hydroxychloroquine that met
the endpoints were often small.

An alternative assessment of the efficacy of HCQ in pre-
exposure prophylaxis comes from observational data from
those taking the drugs specifically to prevent COVID-19. In
one study, 106 health-care workers who were high-risk con-
tacts of COVID-19 positive cases and had been tested for
SARS-CoV-2 by RT-PCR were included. There was an 80.7%
reduction in SARS-CoV-2 in the hydroxychloroquine group.
Our interpretation of all the available evidence and the widely
divergent estimates of benefit is that large benefits are unli-
kely, but it is not possible to state with certainty whether or
not chloroquine or hydroxychloroquine provide modest but
significant prophylactic efficacy against COVID-19. There
remains substantial uncertainty. Definitive statements will
require evidence from large well-conducted randomized con-
trol trials if these can be completed.

2.8. Treatment studies

Over 100 studies describing the use of 4-aminoquinolines in
the treatment of COVID-19 have now been published. The vast
majority were observational. Early reports of benefit in obser-
vational studies largely came from China, although these were
small and often in the form of a press-release rather than
a formal publication.

An open-label non-randomized trial published at the end of
March 2020 as a pre-print (and still not peer-reviewed), in
which 26 patients hospitalized with COVID-19 received hydro-
xychloroquine, and 6 azithromycin, was very influential. At day
6, fewer in the treated compared to the control arm were PCR
positive. This led to widespread advocacy and the adoption of
hydroxychloroquine into treatment guidelines across the
globe, in many places accompanied by azithromycin. Many
concerns were voiced, but the study had a substantial impact.
For only the second time in its history, the US FDA used its
emergency authority to permit use of a medication (hydroxy-
chloroquine) for an unapproved indication (COVID-19). ‘Off-
label’” and self-medication use skyrocketed, inadvertent fatal
self-poisoning was reported, while people who really needed
these drugs for rheumatological conditions suddenly found
them hard to find. In the US alone, by May 22, the US
Strategic National Stockpile had dispensed approximately
2.4 million 7-day hydroxychloroquine treatment courses to
state and local health authorities. Numerous observational
studies were published. The momentum stopped abruptly on
22 May, 2020 when an observational study was published in
The Lancet. It purported to describe data from nearly 100,000
patients who had received hydroxychloroquine or chloroquine
for COVID-19 treatment. The study claimed these drugs
increased the risk of ventricular arrhythmias and death. This
hit news headlines and was very widely publicized. Opinion
quickly swung strongly against the drugs. Within hours,



several regulatory authorities withdrew authorizations for use
of these drugs or for clinical investigation. However, it very
soon transpired that the data were suspect and could not be
verified, and the paper was ultimately retracted. But the
damage was lasting, the regulatory bans were slow to lift,
and clinical trials across the world found recruitment difficult
thereafter.

A retrospective study of hydroxychloroquine + azithromy-
cin use in treatment of hospitalized veterans in the US did not
identify a significant reduction in mortality or the need for
mechanical ventilation with hydroxychloroquine + azithromy-
cin and there was a signal for increased mortality [60]
although other studies finding no benefit did not find this
worrying mortality signal [61]. Others showed quite dramatic
benefits in those receiving hydroxychloroquine [62], but
incomplete correction for biases plagues the observational
study results and their conclusions.

3. Randomized controlled trials
3.1. Prevention

In contrast to the wealth of observational data, there have
been few RCTs reported. Two pre-exposure prophylaxis trials
and three post-exposure prophylaxis trials have now been
published in peer-reviewed journals [5-8,11]. Post-exposure
prophylaxis (PEP), which may be regarded as a hybrid of
prevention and early treatment, would be expected a priori
to provide less benefit than pre-exposure prophylaxis. These
published studies were relatively small and were powered
therefore only to demonstrate large benefits (a minimum of
50% reduction in cases). None were able to reject the null
hypothesis. However, the majority did demonstrate non-
significant reductions in cases of the order of 15% [63]. So,
although the available data from the prevention studies are
currently indicative of small benefit, the results are far from
conclusive. Dose is also a consideration. Rajasingham et al. in
their pre-exposure prophylaxis study used low doses (once
weekly and twice weekly dosing, which are closer to those
used in malaria chemoprophylaxis) which meant that the
levels of hydroxychloroquine were significantly lower than
those achieved in the treatment of rheumatological conditions
with once daily dosing. This would have reduced the like-
lihood of a significant antiviral effect [11] although there was
a non-statistically significant trend to increased benefit at the
higher dose.

3.2. Treatment

In contrast to the prevention trials, the two large COVID-19
platform treatment RCTs in hospitalized patients have pro-
duced clear and actionable results. The RECOVERY Trial
recruited large numbers of participants from many NHS hos-
pitals in the UK in the first wave of the pandemic. This was an
open-label RCT in which hospitalized patients with COVID-19
were randomized to one of the several treatments, including
hydroxychloroquine, or to standard of care. The World Health
Organization’s SOLIDARITY trial was similar in design and was
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conducted in many sites globally (405 hospitals in 30 coun-
tries). It was slower in producing results and assessed some
different interventions. Both trials evaluated the same high-
dose hydroxychloroquine regimen designed to provide drug
exposures which were as high as safely possible [1]. In the
RECOVERY trial, 1561 patients were randomized to receive
hydroxychloroquine versus 3155 in the standard of care arm
[3]. The mortality was 27% in the HCQ arm vs 25% in the
standard of care (RR = 1.09 [95% CI 0.97-1.23]). A similar lack
of efficacy was demonstrated in the SOLIDARITY trial; mortal-
ities were 11% (104/947) in patients randomized to hydroxy-
chloroquine and 9.3% (84/906) in patients receiving standard
of care (RR = 1.19 [0.89-1.59]) [4].

These definitive negative results should stop the use of
hydroxychloroquine in COVID-19 illness requiring hospitalisa-
tion. Importantly, despite the large doses used, and the very
high incidence of myocardial involvement in severe COVID-19
iliness [64], there was no excess of cardiac arrhythmias in
hydroxychloroquine recipients. This provides powerful coun-
terevidence to the numerous published opinion pieces,
uncontrolled studies, and case-reports that claimed harm
from QT prolongation. There is substantial clinical and epide-
miological evidence for the safety of these drugs at currently
recommended doses, supported by cardiovascular safety mar-
gins derived from self-poisoning toxicokinetics [65]. Many
observers also confounded the risks associated with the use
of the drugs alone (which appears to be safe) versus in com-
bination with azithromycin, where there is evidence for
a cardiotoxic (arrhythmogenic) interaction [13].

The results of the RECOVERY and SOLIDARITY trials provide
an important insight into the pathogenesis of COVID-19. Anti-
inflammatory drugs, dexamethasone and IL-6 receptor antago-
nists, have proved life-saving in late-stage illness, whereas
antivirals (including remdesivir which had been shown to
shorten the duration of hospitalization) were not [4,66,67].
This suggests that clinical deterioration in late-stage illness
results primarily from inflammation, and not active viral repli-
cation. Indeed, corticosteroids often worsen viral infections in
the phase of active replication. In the RECOVERY trial, there
was a non-significant trend toward a worse outcome in those
not receiving respiratory support at baseline [66]. Viral bur-
dens are highest much earlier, at the time of symptom onset
[68], and then decrease, whereas deterioration resulting in
hospitalization often occurs after a week, with hospitalization
for several weeks [2]. This supports the general paradigm of
viral replication early, and inflammatory sequelae and dete-
rioration late. This paradigm suggests that any benefits from
antiviral drugs in late-stage illness are likely to be modest, at
best. By contrast, antivirals would have a much better chance
of preventing or reducing disease severity if given earlier,
when viral burdens and replication are greater. The results of
the RECOVERY and SOLIDARITY trials have been misunder-
stood by many and taken as conclusive evidence that the
tested antiviral drugs will not work at any stage of illness,
such as the WHO's living guideline on drugs for COVID-19
[69], whereas current knowledge suggests different pathophy-
siological processes at different phases of the COVID-19 infec-
tion [70]. Although there is little definitive RCT evidence
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describing the use of HCQ in early disease treatment, the two
published RCTs by Skipper et al. [9] and Mitja et al. [10].
demonstrated a non-significant trend toward benefit when
given early, with a relative risk of hospitalization of 0.75
[0.32; 1.77] [10]. This is in keeping with the trend toward
benefit seen when these drugs are given even earlier in pre-
vention (PrEP and PEP). Thus, the question of whether chlor-
oquine or hydroxychloroquine provide benefit in the
treatment of early COVID-19 still remains open.’Figure
1Figure 2

3.3. Safety and tolerability

Chloroquine and hydroxychloroquine are dangerous in over-
dose [65] but, at the correct dosages, they are generally well
tolerated and safe. The evidence base for this safety assess-
ment has been established over decades of real-world use and
after billions of doses have been given. Gastrointestinal dis-
turbance and nausea are the most commonly reported side
effects, but these are usually mild. This was reconfirmed in the
RCT results evaluating their use for COVID-19 [71,72]. Taken in
high doses for years, cumulative toxicity to the retina and to
the heart is well documented, but this is not relevant to short-
term use [1]. Joint analysis of the outpatient RCTs has not
confirmed the safety concerns raised early in the pandemic

by numerous commentators; instead, they have reinforced the
generally good safety profile of the drugs given over the
shorter term. Nevertheless, the retracted Lancet publication,
which reported harm [73], together with the exaggeration of
toxicity concerns, overgeneralization of lack of efficacy, politi-
cization, excessive regulatory responses, and intense media
interest, all continues to negatively influence public percep-
tions of these drugs.

3.4. Cardiovascular toxicity

Cardiovascular toxicity is the principal immediate concern with
high doses of 4-aminoquinolines [1]. Parenteral chloroquine
causes hypotension if administered too rapidly or when
a large dose (5 mg base/kg or more) is given by intramuscular
or subcutaneous injection [53]. Chloroquine and hydroxychlor-
oquine (and the structurally related 4-aminoquinoline amodia-
quine and also the bisquinoline piperaquine) block several
different cation channels [74-76]. In a standard laboratory
model (voltage-clamped cat ventricular myocytes), chloro-
quine blocked both inward and outward membrane currents.
The relative potencies were: inward rectifying potassium cur-
rent (IK1) > rapid delayed rectifying potassium current (IKr) >
sodium current (INa) > L-type calcium current (ICa-L). This
prolongs the cardiac action potential duration, enhances

Weight Weight
Study TE seTE Risk Ratio RR 95%-Cl (fixed) (random)
Mitja -0.37 0.3481 — 0.69 [0.35;1.37] 9.3% 9.3%
Boulware -0.19 0.1812 —t 0.83 [0.58;1.18] 34.5% 34.5%
Rajasingham -0.30 0.2011 0.74 [0.50;1.10] 28.0% 28.0%
Abella -0.05 0.6832 0.95 [0.25;3.62] 2.4% 2.4%
Barnabas 0.10 0.2096 1.10 [0.73;1.66] 25.8% 25.8%
Fixed effect model = 0.85 [0.69; 1.05] 100.0% -
Random effects model < 0.85 [0.69; 1.05] -- 100.0%
Heterogeneity: /% = 0%, 1> =0, p = 0.66
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Figure 1. Meta-analysis of published hydroxychloroquine prevention studies showing a non-significant overall approximate 15% reduction in COVID-19 [5-8,11].
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Figure 2. Simple synopsis of the natural history of COVID-19 infection. Peak viral burden occurs around the time of illness onset, whereas hospitalization and clinical
deterioration occur later, when the viral burden has decreased and the downstream inflammation predominates.



automaticity, and reduces the maximum diastolic potential.
Chloroquine blocks the rapid component (IKr) but not the
slow component (IKs) of the delayed rectifying potassium
current. These different electrophysiological effects explain
the electrocardiograph changes, notably, prolongation of the
QRS (ventricular depolarization) and JT intervals (repolaristion).
The blockade of INa and ICa-L reduces the early afterpotentials
that trigger ventricular arrhythmias. Chloroquine and hydro-
xychloroquine also block the hyperpolarization-activated
funny current (If) which plays an important role in the sinoa-
trial node pacemaker and so may cause bradycardia [77].

3.5. QT prolongation concerns

Blockade of the IKr (hERG) channel, which delays ventricular
repolarization (measured as prolongation of the ECG QT or,
more specifically, the JT interval), has been the primary focus
of concern in 2020 [53]. Prolongation of the QT-interval is
a risk factor for polymorphic ventricular tachycardia (TdP:
torsade de pointes) although there is extensive debate about
the risk relationship and the potential ameliorating effects of
multichannel blockade. While chloroquine and hydroxychlor-
oquine consistently prolong the electrocardiograph J to
T-peak interval and are potentially ‘torsadogenic,” how much
they increase the risk of TdP is unclear. Assessments of QT
prolongation commonly omit measurement of QRS prolonga-
tion (QT = QRS + JT), which is also a consistent effect of
4-aminoquinolines, and reflects slowing of intraventricular
conduction. As a result, the degree of JT prolongation (rele-
vant to the TdP risk) is overestimated [53]. Nevertheless, the
rediscovery of the effects of the 4-aminoquinolines on ventri-
cular repolarization has generated a large number of publica-
tions citing the potential (but not observed) risk of ventricular
arrhythmia. The important point is that this inferred risk has
not been confirmed in extensive clinical trials both before
COVID-19 and again in the high-quality randomized controlled
trials conducted during COVID-19 (see later). With the excep-
tion of one trial in which chloroquine was clearly overdosed
[12], the randomized trials (which are the best source of
evidence) do not show an excess of arrhythmias [3,72].
Severe COVID-19 itself is an important cause of myocardial
dysfunction and arrhythmia. Many of the recent articles and
warnings around the well-known QT prolongation associated
with these drugs simply extrapolate from QT prolongation to
risk without considering the paucity of reports in relation to
the enormous usage of these drugs (over 5 billion malaria
treatments given and approximately 1 million receiving
chronic treatment). Overall, despite the extensive use of
these drugs, there are few case reports of presumed iatrogenic
TdP [1].

The WHO pharmacovigilance database (VigiBase) contains
reports of 83 episodes of TdP or other forms of ventricular
tachycardia, which occurred in patients taking hydroxychlor-
oquine over a 52-year period, of which seven were fatal. This
experience does not distinguish acute from chronic use, and
most pertains to conditions with an increased risk of cardiac
disease. This should be viewed in the context of approximately
one million people (mainly older adults) using hydroxychlor-
oquine continuously worldwide (based on manufacturing
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outputs). In a recent retrospective observational review of
956,374 rheumatoid arthritis patients starting treatment with
hydroxychloroquine, the risk of arrhythmia in the first 30 days
of treatment (calibrated hazard ratio (CalHR) 0.89 (95% con-
fidence interval 0.77 to 1.04)) was lower compared with sul-
phasalazine recipients (n = 310; 350) [13]. As sulphasalazine
has no known cardiac effects, this suggests that hydroxychlor-
oquine was acting as an antiarrhythmic.

TdP may occur in chloroquine or hydroxychloroquine over-
dose, but other arrhythmias usually predominate. There is no
evidence for a significant risk of TdP in acute treatment with
the doses that have been used in malaria or rheumatological
conditions. Sudden unexplained death has not been asso-
ciated with antimalarial use of oral chloroquine previously
despite administration of literally billions of malaria prophy-
laxis and treatment courses and wide variation in dosing.
Recent prospective studies providing data from 200,000
patients treated with the related bisquinoline antimalarial
compound piperaquine (which has similar hERG blocking
properties to chloroquine) found no increased risk of TdP
after standard treatment [78]. Thus, the concerns that chlor-
oquine or hydroxychloroquine alone given in currently recom-
mended doses over the short term are likely to provoke TdP,
which have seriously hindered studies in COVID-19, are largely
unfounded. In contrast, chloroquine clearly does have anti-
arrhythmic properties which are under-recognized [13,79]. In
laboratory studies, chloroquine and hydroxychloroquine have
also been shown to reduce myocardial ischemia reperfusion
injury [80]. Confusion and concern over cardiotoxicity have
arisen by extrapolating from the undoubted cumulative long-
term risks of myocardial damage to short-term exposures,
assuming that QT prolongation per se equates to a high risk
of ventricular arrhythmias and, in COVID-19 treatments, under-
estimating the very significant contribution of azithromycin to
combined cardiovascular toxicity [13].

3.6. Disease-toxicity interactions

Malaria and malarial fever have independent effects on the QT
interval and heart rate although the heart is relatively spared
even in severe malaria. There is increasing evidence for myo-
carditis and arrhythmias in COVID-19 [64,81]. It is unclear
whether the mechanism for the cardiotoxic hydroxychloro-
quine-azithromycin interaction is explained only by iatrogenic
TdP or whether there is a febrile illness interaction.

3.7. Information from ongoing trials

In the RECOVERY and SOLIDARITY platform trials in hospita-
lized patients, there was a non-significant excess of deaths in
high-dose hydroxychloroquine recipients although there was
no excess of ventricular arrhythmias [3,4]. This reemphasizes
that high-dose hydroxychloroquine or chloroquine should not
be used to treat severe COVID-19 infection. The data from
outpatient RCTs, using lower doses, are very reassuring for
the safety of these drugs [71,72]. In contrast to observational
data, RCTs do control adequately for confounders of the dis-
ease and its treatment. Of the 2795 participants recruited into
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three RCTs evaluating hydroxychloroquine in the outpatient
setting, 1633 received HCQ and the pooled study concluded
that ‘Randomized clinical trials, in cohorts of healthy outpati-
ents, can safely investigate whether hydroxychloroquine is
efficacious for COVID-19'[72]. Together these data suggest,
unsurprisingly, that the safety and tolerability profile of hydro-
xychloroquine in COVID-19 is similar to that in rheumatologi-
cal conditions.

4. Expert opinion

The repurposed 4-aminoquinolines, chloroquine, and hydroxy-
chloroquine have been used extensively in the COVID-19 pan-
demic. We now know that high-dose hydroxychloroquine is
not life-saving in late disease, nor indeed is any antiviral to
date, whereas dexamethasone significantly reduces mortality.
Antivirals are likely to have their best chance of providing
benefit given either as prevention or early in the course of
COVID-19 illness when viral replication is greatest and before
the late-stage inflammatory sequelae predominate. The results
of the two, large COVID-19 RCTs in hospitalized patients
(RECOVERY and SOLIDARITY) have been misunderstood by
many and taken as conclusive evidence that the tested anti-
viral drugs will not work at any stage of illness, whereas
current knowledge suggests different pathophysiological pro-
cesses at different phases of the infection [2].

Despite their in vitro antiviral activity, it is unclear whether
the 4-aminoquinolines have any useful preventive or curative
efficacy in early COVID-19 (early treatment or prevention).
This has not yet been assessed adequately in large RCTs.
The reported RCTs in prevention and early treatment were
powered only to show large benefits and had relatively few
end-points. When combined they do not provide a conclusive
assessment of efficacy although they point in the direction of
a modest clinical benefit. Statements that these drugs ‘do not
work’ in prevention or early treatment are not justified by the
available data, but they have defined the narrative around
the 4-aminoquinolines in the COVID-19 pandemic. The obser-
vational data have produced conflicting results in all stages of
disease, and the available RCT evidence leaves substantial
uncertainty. Meanwhile, many countries continue to recom-
mend these drugs actively. Well-designed, large randomized
controlled trials evaluating chloroquine and hydroxychloro-
quine in the prevention and early treatment of COVID-19
need to be completed to answer these important questions
adequately [82].

The excellent safety profile of the 4-aminoquinolines at
currently used doses over the short term has been estab-
lished through extensive clinical use over 70 years. Despite
adverse commentaries, and an influential and alarmist
study which appears to have been fabricated, this good
safety profile has generally been reinforced by the results
of the COVID-19 hydroxychloroquine randomized con-
trolled trials. Unfortunately, politicization, overgeneraliza-
tion, polarized opinion, and negative media coverage
have all made it very difficult to continue the 4-aminoqui-
noline randomized trials needed to assess the benefits and
risks objectively, and to inform policies and practices.
Licensed vaccines with good efficacy have arrived and are

being administered, but it may be years before there is
adequate coverage to create herd immunity, and the
appearance of vaccine escape mutants may threaten this
progress. Therapeutics are still needed, but one of the most
discussed topics in the entire pandemic ‘can hydroxychlor-
oquine prevent COVID-19 illness?’ may remain unanswered.
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