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Abstract

In the early stage of the COVID-19 pandemic, Belgian health authorities endorsed the interim guidelines for the treatment of
COVID-19 pneumonia: hydroxychloroquine (HCQ) recommended for treatment of hospitalized patients with moderate to severe
disease. As a growing number of patients were admitted, inevitably, our internal medicine team questioned the efficacy and safety
of HCQ, especially with regard to cardiac side effects. In parallel with our concerns, data regarding the safety and efficacy of
HCQ were published, with discordant results and debate in the medical community. Media coverage of the possible risks and
benefits of HCQ use in COVID-19 also caused confusion amongst the public. In this Perspectives in Rheumatology article, we
review the use and safety of HCQ in autoimmune disease and its putative efficacy and toxicity in COVID-19. Finally, we share
our concern about the future of this widely used and inexpensive drug after the COVID-19 pandemic has passed.
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Introduction

In the early stage of the COVID-19 pandemic, in March 2020,
Belgian health authorities endorsed the interim guidelines for
the treatment of pneumonia: hydroxychloroquine (HCQ) was
recommended for COVID-19 hospitalized patients with mod-
erate to severe disease. The regimen included HCQ at the dose
of 400 mg twice on day 1 followed by 200 mg twice daily
from day 2 to day 5. Our teaching hospital of 1000 beds set up
dedicated COVID-19 wards, and a growing number of pa-
tients were admitted. Inevitably, questions arose within our
teams of internal medicine and infectious disease specialists
about the efficacy and safety of HCQ, especially of possible
cardiac side effects. Two main questions were as follows:
Does it work? And, at the dosage used, could it be toxic?
These two issues prompted heated debate. The internal
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medicine group was confident that the drug was safe at the
dosage they used, confidence that was probably based on their
long experience of using it for the treatment of the common
autoimmune disorders (systemic lupus erythematosus, prima-
ry Sjogren’s syndrome, and sarcoidosis). However, infectious
disease colleagues had reservations about the risk of
prolonged corrected QT interval (QTc), mostly over HCQ
used in association with antibiotics such as quinolones and
macrolides (azithromycin). An electrocardiogram performed
prior to the start of each treatment was made compulsory.
Neither the internal medicine nor the infectious disease spe-
cialists, though, had witnessed a case of sudden death due to
torsade de pointes linked to the use of HCQ.

Review of the literature on significant adverse effects
linked to HCQ usage also was reassuring. For COVID-19,
the use was off-label, having at heart the “Do no harm” prin-
ciple. Nevertheless, we had to consider the context in which
we were treating patients at the height of this new disease,
with little known about how to prevent fatalities.

Now, with the flattening of the first wave of COVID-19,
we have real-life data from our cohort of patients treated with
HCQ, with or without azithromycin. Given at the recommend-
ed dose from a standard protocol (short, 5-day duration; base-
line ECG prior to starting treatment; control ECG during com-
bined treatment; and blood monitoring and correction of elec-
trolyte disturbance), we have not noticed a concerning number
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of cardiac-related events directly attributed to the above-
mentioned medications [1]. We remain confident about the
safety of HCQ, but we were not able to answer the question
of its efficacy.

HCQ and autoimmune diseases

For more than 50 years, HCQ has been the main treatment of
the commonest autoimmune diseases: systemic lupus erythe-
matosus (SLE), primary Sjogren’s syndrome, rheumatoid ar-
thritis, antiphospholipid syndrome, and sarcoidosis. Its immu-
nomodulatory properties are the mainstay to prevent flare-ups
and promote long-term survival.

The proposed mechanisms of HCQ’s action are based on
in vitro studies; their link with clinical efficacy has not been
elucidated. In summary, HCQ increases the pH of lysosomes
and other intracellular compartments, leading to interference
in phagocytosis, change in antigen presentation, and interfer-
ence with Toll-like receptor 7 and 9 signalling pathways.
HCQ also blocks T cell response and reduces production of
pro-inflammatory cytokines (INF-gamma, TNF, IL-1, and IL-
6). Finally, it stimulates nitrite oxide production by endothe-
lial cells to produce an anti-thrombotic effect by inhibiting
platelet aggregation and acting on antiphospholipid antibodies
[2, 3].

The clinical benefit of HCQ has been largely demonstrated
in SLE, with proven control on disease activity; decrease in
flare-ups, particularly during pregnancy and breastfeeding;
reduction in thrombotic events; and reduction in mortality
[2, 3]. Use of HCQ in SLE has also been associated with
reduction in the rate of cardiovascular complications, lower-
ing of fasting glucose levels, and improvement in lipid profile
[2, 3]. HCQ is, therefore, amongst the most recommended
treatments for SLE worldwide [4]. In rheumatoid arthritis pa-
tients, HCQ has had a significant effect on controlling the
disease in its early and mild forms [5]; as in SLE, improve-
ment of lipid profile and insulin resistance have been demon-
strated [3], alongside a reduction in cardiovascular events [6].

Several retrospective studies have reported HCQ to be pro-
tective against infections. It was associated with a 16-times
decrease in major infection risk in the Lupus-Cruces cohort
[7] and an odds ratio of 0.05 in favour of HCQ in a Dutch
cohort of SLE patients [8]. This association has been observed
also amongst rheumatoid arthritis patients [9]. One explana-
tion for this protective effect could be that HCQ exerts in vitro
properties against viral, bacterial, and even fungal pathogens
by way of the aforementioned actions (increase in lysosomal
and phagolysosomal pH and interference with antigen presen-
tation) but also by protein glycosylation that prevents viral
shedding [10]. Another explanation would correlate this pro-
tective effect to patients treated with HCQ having a mild form
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of the underlying autoimmune disease, thus not relying on
other immunosuppressive treatment [8].

Hence, HCQ is strongly recommended in the management
of the prominent autoimmune diseases, such as SLE, rheuma-
toid arthritis, antiphospholipid syndrome, and primary
Sjogren’s syndrome (articular manifestations), and as part of
the management of sarcoidosis (pulmonary, articular, or cuta-
neous). The usual dose is 200 to 400 mg/day, with a maximum
dose of 5 mg/kg/day.

Toxicity/safety of HCQ in autoimmune
diseases

HCQ is considered mainly an immunomodulator rather than
an immunosuppressive drug, and it has a good safety profile.
The most common adverse effects are gastrointestinal symp-
toms (nausea, diarrhoea, and abdominal discomfort). To pre-
vent these adverse effects, HCQ is best taken during meals [2,
3].

The most severe toxicity related to HCQ is retinopathy
associated with long-term use (more than 12 months) and
the cumulative dose effect. HCQ causes lipofuscin accumula-
tion in retinal pigment epithelium due to lysosomal degrada-
tion of the external receptor [11]; the result is circular defects
known as “bull’s eye maculopathy.” Unfortunately, the reti-
nopathy can progress for several months, even after discontin-
uation of treatment. Appropriate dosage (< 5 mg/kg/day)
alongside usage of advanced screening modalities of ocular
toxicity can prevent the occurrence of this adverse effect.

Other less frequent adverse outcomes with HCQ, such as
myopathy (with proximal muscle weakness or atrophy, but
typically without myalgia or increased muscle enzymes), have
been reported with HCQ use. Improvement can be achieved
by discontinuing the drug [3, 12]. Cutaneous and neurological
toxicity also have been reported [3]. Finally, cardiac toxicity
has occurred, ranging from rhythm disorders to cardiomyop-
athy [2, 3]. Patient’s age, duration of use, pre-existing heart
conditions, use of high doses, and renal failure are aggravating
risk factors for cardiotoxicity [3]. HCQ can cause long-QT
syndrome due to blockade of the Kv11.1 (hERG) channel
[13]. The clinical manifestation of the electrical disturbance
of the heart (syncope and torsade de pointes) mostly occurs
with long-term use; simultaneous use of other long-QTc med-
ications (azithromycin, quinolones, and others); electrolyte
disturbance; renal failure; or an acute overdose. Before the
pandemic, one case of ventricular arrhythmia due to HCQ
used alone had been reported [14]. McGhie et al. [15] reported
453 SLE patients with 0.7% cases of prolonged QTc with no
ventricular arrhythmia. Unpublished post-marketing data
from Sanofi (n = 21,446) related 137 adverse drug reactions
(0.64%) of cardiac nature, with 19 torsade de pointes (0.09%)
with 1 fatal outcome; this result is consistent with the US Food
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and Drug Administration database (FAERS) analysis of 1968
to early 2020, in which 57 HCQ-linked adverse events were
recorded, with 10 deaths attributed to cardiac arrhythmias
(torsade de pointes and prolonged-QTc syndrome) [16].

HCQ in the treatment of autoimmune diseases is consid-
ered one of the safest uses of the drug. Ordinarily, patients are
followed clinically and biologically on a regular basis, e.g.,
every 3 to 6 months, and educated on their disease and treat-
ment. Common recommendations for HCQ treatment include
regular screening for retinal toxicity (every 6 months) and
physical examination with attention to muscle strength and
reflexes. HCQ should be avoided in patients who have con-
genital long-QT syndrome or persistently corrected QT mea-
surements > 500 ms, and who are taking other drugs that
prolong the QT interval; consideration should be given to
discontinuing these drugs [3].

HCQ in COVID-19 disease

As reported [10], HCQ has in vitro activity against pathogens,
either bacterial, fungal, or viral, including in vitro activity
against SARS-CoV-2 [17]. However, HCQ’s antiviral effects
were not evident in life-like models of infection with human
respiratory cells. Also, no therapeutic benefit was derived in a
SARS-CoV-2 infection model in hamsters and non-human
primates [18]. Through other mechanisms of action, though,
HCQ may be effective in treating the second phase of
COVID-19, that is, a syndrome characterized by a “cytokine
storm” involving an IL-6 and interferon response, thrombotic
events, and endothelial dysfunction [19].

HCQ was used for the first time in China at an early stage
of the pandemic in a small randomized controlled trial of 62
patients to improve pneumonia regression and reduce the re-
covery time [20]. HCQ then was included in national recom-
mendations in many countries as part of the strategy to fight
the pandemic. Table 1 lists the main studies where HCQ was
used in the treatment of COVID-19, e.g., retrospective studies
of more than 1000 patients and randomized controlled studies
[21-40]. Whilst most retrospective studies reported clinical
improvement with HCQ, randomized controlled studies were
stopped because of inefficacy and, eventually, a tendency to-
wards increased overall mortality. The discrepancies between
the retrospective studies and the randomized controlled stud-
ies have not been explained. HCQ doses were higher, partic-
ularly in the Recovery and Solidarity HCQ arms [36, 38], than
in retrospective studies, but this was not the case in the Orchid
or Cavalcanti trial [37, 39]. Another possible explanation
could be differences in the time of initiation of HCQ treat-
ment; in the Recovery trial, the median time between symp-
tom onset and randomization was 9 days, with 16.7% of pa-
tients already on mechanical ventilation at randomization. In

contrast, HCQ was initiated within the first day after admis-
sion in the Catteau and Lammers studies [25, 30].

On July 4, 2020, the World Health Organization an-
nounced that it had stopped HCQ and lopinavir/ritonavir arms
in their clinical trials, Solidarity and Discovery, respectively.
The conclusion was that both drugs added little or no benefit
in reducing mortality. HCQ now is not being used in
the treatment of COVID-19, but it remains a subject of
debate [41].

Cardiac toxicity of HCQ in COVID-19 disease

Published safety data on HCQ use in COVID-19 have also
revealed discordant results: Mercuro et al. [42], without com-
ment regarding efficacy, found that 19% of 90 patients had
prolonged QTc, and “one torsade de pointes” occurred.
Gerard et al. [43] reviewed the French Drug Agency reports
of adverse drug reaction at an early stage of the pandemic and
found 103 of 120 cases of cardiac adverse drug effect linked to
HCQ; within the 131 reported effects, 3.0% were sudden or
unexplained deaths, 6.1% were ventricular arrhythmias, and
68.7% were prolonged QTc. In contrast, most retrospective
studies reported no adverse effect of HCQ, although QTc
prolongation was present in some subjects (Table 1). In par-
ticular, the Rosenberg cohort [32] had an increase in arrhyth-
mias (16% vs 10%) and almost 2 times more cardiac arrests in
the HCQ arm (13% vs 6.8%). In the large-scale cohort study
by Mehra et al. [35], published in The Lancet (retracted), an
increase in arrhythmia risk was also described, with 6.1% of
patients with de novo ventricular arrhythmia.

Once again, an increase in cardiac events was not substan-
tiated in randomized controlled studies (Table 1). Similarly,
the prospective study of Gasperetti et al. [44] of 649 COVID-
19 patients treated with HCQ, either at home, in hospital, or in
ICU, found no increase in arrhythmia-related cases or deaths
despite a relative increase in prolonged QTec. Interestingly, in
that study, baseline QTc length and fever at admission
were the most important determinants of QT/QTc pro-
longation [44].

‘What could contribute to higher risks of cardiac events with
HCQ treatment of COVID-19 than with autoimmune disease?
First, SARS-CoV-2 infection itself can injure cardiac
myocytes, leading to arrhythmic events. Indeed, the results
of early studies suggested that COVID-19 is associated with
a high incidence of cardiac arrhythmias. Bhatla et al. [45]
reported that amongst 700 patients (11% received ICU care),
9 cardiac arrests, 25 incident atrial fibrillation events, 9 clini-
cally significant bradyarrhythmias, and 10 non-sustained ven-
tricular tachycardia events occurred. Second, electrolyte dis-
turbances, e.g., hyperkalemia or acute kidney injury, frequent-
ly occur during the disease [46]. These abnormalities directly
increase the risk of arrhythmia by potentializing the QTc
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prolongation induced by HCQ. Third, a cumulative effect of
additional drug with the potential to prolong QTc may be
another explanation (association of HCQ/azithromycin/
lopinavir + ritonavir). This hypothesis is reinforced by the
reported increase in cardiac arrest in the HCQ + azithromycin
arm of the Rosenberg cohort [32].

HCQ, COVID-19, and autoimmune patients

In parallel with evaluations of the effect of HCQ in active
COVID-19 disease, its use to prevent SARS-CoV-2 infection,
as post-exposure prophylaxis or pre-exposure prophylaxis,
has been studied. In studies of post-exposure prophylaxis,
HCQ has not had a significant preventive effect: in a small,
randomized trial of 821 high-risk contacts, asymptomatic pa-
tients, an absolute difference of only 2.4% of clinical infection
between controls and HCQ-treated subjects was found [47].
Similar results were found in a cluster, randomized trial in
Spain, with 2314 healthy contacts of 672 COVID-19 index
cases [48].

Regarding pre-exposure prophylaxis, in a small double-
blind placebo-controlled randomized clinical trial of 132 hos-
pital health workers in the USA (terminated early), there was
not a significant difference in incidence of SARS-CoV-2 be-
tween HCQ-treated subjects and placebo cohorts [49]. As the
World Health Organization stopped recruitment into the HCQ
arm in their major randomized controlled trial, the UK
regulators authorized HCQ and CQ-related drugs to be given
to healthcare workers in a clinical trial, the COPCOV. This
trial would see chloroquine, hydroxychloroquine, or a placebo
given preventively to more than 40,000 healthcare workers
from Europe, Africa, Asia, and South America.

Evaluation of HCQ for prevention of COVID-19 in pa-
tients with autoimmune disease patients is an interesting ap-
proach, particularly in a supposed at-risk group. Gentry et al.
[50] evaluated this potential preventive effect in a retrospec-
tive, 3-month study on 10,703 US veterans: compared with
21,406 propensity-matched patients, the HCQ group of pa-
tients had no significant decrease in SARS-CoV-2 infection
risk (0.3% vs 0.4% rate of infection), with a nonsignificant OR
of 0.79 (CI 0.51-1.20). There were also no differences in
hospital admission, ICU requirement, or mortality associated
with SARS-CoV-2 infection. But, without explanation, over-
all mortality during this 3-month period was significantly low-
er in the HCQ group [50]. Another retrospective observational
study, of 6228 patients with autoimmune rheumatic diseases
in China [51], found an overall rate of COVID-19 (0.43%)
like that in the US study; the risk of COVID-19 was increased
by age and rheumatic disease. After adjustment for age, sex,
smoking, contact cases in the family, comorbidities, and SLE
(as HCQ is more often prescribed in SLE patients), patients
with rheumatic disease taking HCQ had a lower risk of
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COVID-19 than did those who were taking other discase-
modifying anti-theumatic drugs. By contrast, the rate of cor-
ticosteroid use in patients with COVID-19 was like that in
patients free of COVID-19, around 50%. Finally, in a retro-
spective analysis of the Portuguese National Health System,
including 26,815 SARS-CoV-2-confirmed patients, after ad-
justment for age, sex, and chronic treatment with corticoste-
roids and/or immunosuppressants, the odds ratio of SARS-
CoV-2 infection for chronic treatment with HCQ was 0.51,
also suggesting a protective effect of this drug [52]. Although
there is suggestive evidence that autoimmune patients have
benefited from the prophylactic use of HCQ during this pan-
demic, proper randomized clinical studies are needed.

Conclusion

During the COVID-19 pandemic, HCQ suffers the vagaries of
fame. Almost adulated as promising treatment initially, the
drug was eventually dismissed as controversial and toxic for
patients. The media coverage of this subject has caused con-
fusion amongst the public and within the medical community.
In this context, what will be the use of HCQ after the COVID-
19 pandemic? Will its use in other medical conditions, espe-
cially in autoimmune diseases, be affected? What should we
expect when SLE patients or patients with other common
autoimmune diseases are offered HCQ as a candidate drug?
Will it be a negative answer, given the recent misleading pub-
licity about its potential but still unproven toxicity? To corre-
late the above, we recall a recent encounter where a young
male with a history of cutaneous sarcoidosis declined to be
treated with HCQ because of the recent emphasis on its car-
diac toxicity. As the place of HCQ in the prevention of treat-
ment of COVID-19 is still inconclusive, in this Perspectives in
Rheumatology article, we wanted to review the efficacy of
HCQ in managing the main autoimmune diseases, HCQ’s
well-known safety profile, and monitoring recommendation
in these conditions. We hope to restore the trusted relationship
between patients and their practitioners regarding HCQ use
for the management of the commonest autoimmune diseases.
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