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ABSTRACT

Introduction: Over the last few months, coronavirus disease 2019 (COVID-19) pandemic caused by the
novel coronavirus SARS-CoV-2 has posed a serious threat to public health on a global scale. Given the
current lack of an effective vaccine, several drugs have been repurposed for treatment and prophylaxis
of COVID-19 in an attempt to find an effective cure.

Areas covered: The antimalarial drug hydroxychloroquine (HCQ) initially garnered widespread atten-
tion following the publication of preliminary results showing that this drug exerts an anti-SARS-CoV-2
activity in vitro.

Expert opinion: To date, clinical evidence suggests lack of benefit from HCQ use for the treatment of
hospitalized patients with COVID-19. In such patients, HCQ also appears to be associated with an
increased risk of QT interval prolongation and potentially lethal ventricular arrhythmias. Therefore, FDA
has recently revoked the Emergency Use Authorization (EUA) for emergency use of HCQ and chlor-
oquine to treat COVID-19. Conversely, whether HCQ use may represent an effective prophylactic
strategy against COVID-19 is a separate question that still remains to be answered. In addition, relevant
aspects regarding the potential risks and benefits of HCQ need to be clarified, in pursuit of a rational
use of this drug in the COVID-19 pandemic era.
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1. Introduction who are at high risk for greater disease severity and death
from COVID-19, such as aged frail subjects, as well as indivi-

since its first identification in  Wuhan (China) ~ in duals with obesity, cardiovascular disease and type 2 diabetes

December 2019 [1], coronavirus disease 2019 (COVID-19)

caused by the novel coronavirus SARS-CoV-2 (severe acute
respiratory syndrome coronavirus 2) has been posing
a serious threat to public health. COVID-19 outbreak spread
quickly across countries and was declared a global pandemic
by the WHO on 11 March 2020, thus placing unprecedented
strain on healthcare systems worldwide. Therefore, a robust
research effort to develop an effective vaccine is currently
underway and countries around the world keep on promoting
face mask use, eye protection, hygiene measures and physical
distancing as nonpharmacologic interventions to counteract
the spread of COVID-19 outbreak. Although the risk of acquir-
ing SARS-CoV-2 may decrease in the near future, a residual risk
of unpredictable extent will likely persist [2]. For the foresee-
able future, there is an urgent need to find safe and effective
pre- and post-exposure prophylactic strategies (chemoprophy-
laxis) for high-risk individuals (such as healthcare workers and
contacts of laboratory-confirmed cases), as well as safe phar-
macological interventions able to effectively cure the estab-
lished disease. In addition, the current pandemic scenario
demands to prioritize the prophylaxis of selected individuals

[3-5].

2. Drug repositioning and hydroxychloroquine use
during the COVID-19 pandemic

Over the last few months, drug repositioning has allowed to
investigate the off-label use of several drugs for prophylaxis
and treatment of COVID-19 [6-8]. Amongst several potential
drug candidates, the antimalarial drug hydroxychloroquine
(HCQ) initially garnered widespread attention [9] following
the publication of preliminary results showing that HCQ exerts
an anti-SARS-CoV-2 activity in vitro [10,11]. Since the 1940s,
chloroquine and its hydroxy-analogue HCQ have been used as
disease-modifying antirheumatic drugs (DMARDs) for the
treatment of various inflammatory rheumatic diseases, includ-
ing rheumatoid arthritis (RA) and systemic lupus erythemato-
sus (SLE) [12]. Overall, HCQ has shown a good safety and
tolerability profile in most patients, even during pregnancy
and breastfeeding [12].

After oral administration, HCQ is absorbed in the upper
intestinal tract and displays a long half-life (~40-60 days)
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Article highlights

e Over the last few months, drug repositioning has allowed to inves-
tigate the off-label use of several drugs for prophylaxis and treatment
of COVID-19, including the antimalarial drug hydroxychloroquine
(HCQ).

e The postulated mechanisms of action by which HCQ may play an
antiviral activity against SARS-CoV-2 include the potential HCQ ability
to: i) inhibit viral binding to ACE2 receptor, membrane fusion and
subsequent host cell entry by interfering with the terminal glycosyla-
tion of ACE2 and viral spike S protein, ii) inhibit the fusion between
the viral envelope and lysosomal or endosomal membrane by
increasing the pH within cytoplasmic acidic organelles, and iii) exert
anti-inflammatory and immunomodulatory effects.

o Although preliminary studies showed that HCQ exerts an anti-SARS-
CoV-2 activity in vitro, in vivo evidence for the efficacy of this drug as
either prophylaxis or treatment of COVID-19 is lacking.

e To date, clinical evidence suggests lack of benefit from HCQ use in
hospitalized patients with COVID-19. In such patients, HCQ also
appears to be associated with an increased risk of QT interval
prolongation and potentially lethal ventricular arrhythmias.

e On the other hand, the safety and efficacy of HCQ use as pre-
exposure prophylaxis (PrEP) or post-exposure prophylaxis (PEP) for
SARS-CoV-2 infection still remain to be established.

due to the large volume of distribution in the blood (47,257 L)
[12-14]. Liver metabolism and renal clearance rate of HCQ
amount to approximately 18 and 22%, respectively, and
most of the administered dose is excreted unchanged in
urine (Figure 1) [12,15]. HCQ is more soluble than chloroquine
due to the hydroxyl group [16]. Moreover, HCQ can distribute
to aqueous cellular and intercellular compartments, resulting
in a long mean residence time (~1,300 h) [12,14]. HCQ is
extensively sequestered in the tissues and the slow drug
accumulation can account for its typical delay in achieving
steady-state concentrations and elimination. For instance, the
initial HCQ dose administered in patients with SLE ranges from
400 to 800 mg/day, although the therapeutic effect can
appear after several weeks or months [17]. In addition, inter-
individual pharmacokinetic variability (probably arising from
inherent differences in hepatic metabolism) [18] may be asso-
ciated with variable tissue and circulating HCQ concentrations
between individuals after the administration of standard
doses. Altogether, these factors appear to contribute to the
interindividual variability in the therapeutic onset of action of
HCQ and in the magnitude of therapeutic response to
HCQ [171.

HCQ is a less toxic derivative of chloroquine [11] and may
even display greater in vitro activity against SARS-CoV-2 com-
pared to chloroquine [10]. In vitro studies conducted on dif-
ferent cell lines have reported different half maximal effective
concentration (EC50) values of chloroquine and HCQ against
SARS-CoV-2 [10,19,20]. The EC50 values of HCQ for SARS-CoV-2
have ranged from 0.72 to 17.31 uM across the studies [10,11].
Furthermore, EC50 values for chloroquine and HCQ have been
shown to decrease with longer incubation times, suggesting
that a longer incubation time allows for greater drug accumu-
lation and higher intracellular concentrations, which subse-
quently result in a better antiviral effect [10,20]. Importantly,
the in vitro EC50 of HCQ for SARS-CoV-2 is more than 20-fold
higher compared to that for malaria [21]. Al-Kofahi et al. [21]

simulated potential HCQ dosing regimens for pre-exposure
prophylaxis and post-exposure prophylaxis of SARS-CoV-2
infection using HCQ pharmacokinetic data obtained from
HCQ plasma concentrations in 91 subjects (22 healthy volun-
teers and 69 patients with malaria). The main aim of the study
was to identify optimal HCQ dosing regimens for COVID-19
prophylactic studies by optimizing exposures above the EC50
generated in vitro. For the FDA recommended treatment dose
of malaria (a loading dose of 800 mg, followed by a dose of
400 mg/day for 3 days), simulations predicted 89% of subjects
would have troughs above the target on day 1, even though
this number dropped to 7% by day 14 post-exposure after the
initiation of prophylaxis. Then, authors simulated modified
HCQ dosing scenarios for pre-exposure prophylaxis and
found that a loading dose of 800 mg, followed by a dose of
400 mg given two or three times weekly can maintain weekly
troughs above EC50 in 49-75% of the subjects (after reaching
the steady-state) [21]. In a post-exposure prophylaxis setting,
simulations showed that a loading dose of 800 mg followed in
6 hours by a dose of 600 mg/day for at least 5 days can
maintain daily troughs above the EC50 in >50% of the subjects
for at least 2 weeks [21]. Overall, these data suggest that
higher HCQ doses may be required for prophylaxis of SARS-
CoV-2 infection compared to those recommended for chemo-
prophylaxis of malaria, although they would need to be
further validated in pharmacokinetic and clinical trials.

3. Possible mechanisms of action of chloroquine and
HCQ against SARS-CoV-2 infection

SARS-CoV-2 is a single-stranded RNA-enveloped virus target-
ing host cells through the viral structural spike (S) protein,
which binds to the angiotensin-converting enzyme 2 (ACE2)
receptor on the host cell. Subsequently, host proteases,
such as transmembrane protease serine 2 (TMPRSS2) and
furin, favor the viral entry into the host cell by promoting
the cleavage of viral spike S protein [22-26]. Several
mechanisms of action have been postulated to underlie
the antiviral properties of HCQ, accounting for its potential
efficacy in preventing COVID-19 infection and progression.
These mechanisms include HCQ ability to: (i) interfere with
the terminal glycosylation of ACE2 receptor for viral entry,
(i) alter spike S protein glycosylation and binding to ACE2
receptor, (iii) inhibit proteolytic processing, endosomal acid-
ification, lysosomal activity and autophagy in host cells, and
(iv) exert immunomodulatory effects through reduction of
cytokine production (Figure 1) [9,11,22,27]. Of note, chlor-
oquine and HCQ may inhibit two key steps required for cell
entry by SARS-CoV-2, namely: receptor binding and mem-
brane fusion. Structure-function studies suggest that viral
spike (S) protein of SARS-CoV-2 is highly glycosylated [28]. It
has been hypothesized that concentration of glycosylated
SARS-CoV-2 viral particles and glycosylated ACE2 in the lung
epithelium may influence the susceptibility to COVID-19
infection and its subsequent severity [29]. Hence, impaired
glycosylation of ACE2 and SARS-CoV-2 spike (S) protein
mediated by HCQ may alter the binding efficiency between
SARS-CoV-2 and ACE2 on the surface of host cells.
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Figure 1. Pharmacokinetics of hydroxychloroquine and potential mechanisms underlying its postulated antiviral/prophylactic properties against SARS-CoV-2. Upper
part) Pharmacokinetic properties of hydroxychloroquine (HCQ). HCQ displays a large volume of distribution and a long terminal half-life. Liver metabolism and renal

clearance rate of HCQ amount to approximately 18% and 22%, respectively, and

most of the administered dose is excreted unchanged in urine. Lower part) HCQ

can interfere with the terminal glycosylation of ACE2 and viral spike S protein. The impaired glycosylation process of ACE2 and viral spike S protein may alter the
affinity of SARS-CoV-2 for its receptor, potentially inhibiting key steps required for cell entry by SARS-CoV-2, such as receptor binding and membrane fusion. HCQ
accumulates within cytoplasmic acidic organelles, such as lysosomes and endosomes, where it increases the pH, inhibits the activity of acidic pH-dependent
lysosomal/endosomal proteases and ultimately prevents the fusion process between the viral envelope and lysosomal or endosomal membrane. Abbreviations:
ACE2, angiotensin-converting enzyme 2; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TMPRSS2, transmembrane protease serine 2.

The non-protonated form of HCQ (and chloroquine) enters
the host cell and becomes protonated, with the degree of
protonation being inversely related to the pH [30]. Both chlor-
oquine and HCQ are weak bases and accumulate within cyto-
plasmic acidic organelles (e.g., lysosomes, endosomes, Golgi
vesicles), where these drugs bind to free protons, increase the
pH, inhibit the activity of acidic pH-dependent lysosomal/
endosomal proteases and ultimately prevent the cleavage of
coronavirus surface spike proteins and the subsequent fusion
between the viral envelope and lysosomal or endosomal
membrane (Figure 1) [9,30-33]. Therefore, the use of chloro-
quine analogues (including HCQ) has been proposed as a valid
strategy to inhibit infection by and replication of corona-
viruses and other endosomal low pH-dependent viruses [34].

With regard to the effects of HCQ on immune system, the
drug-mediated increase in intracellular pH and inhibition of
lysosomal activity in antigen-presenting cells results in
reduced toll-like receptor (TLR) signaling, antigen processing

and antigen presentation mediated by major histocompatibil-
ity complex (MHC) class Il molecules [9,35,36]. These molecular
events underlie the anti-inflammatory properties of chloro-
quine and HCQ, which consist in the ability of these drugs to
reduce the production of pro-inflammatory cytokines (e.g., IL-
6, TNF-a) by immune cells [30,37]. Moreover, HCQ may influ-
ence the activity of the High mobility group box 1 protein
(HMGB1) [38], which is a ubiquitous and highly conserved
endogenous damage-associated molecular pattern (DAMP)
molecule involved in the pathogenesis of several inflamma-
tory conditions [39,401. In light of these mechanisms of action,
HCQ may theoretically exert an indirect antiviral activity by
reducing the low-grade systemic inflammation, which is
a common feature of several chronic diseases (e.g., obesity,
type 2 diabetes, and metabolic syndrome) that are associated
with an increased prevalence of SARS-CoV-2 infection and
adversely affect the outcomes of patients with COVID-19
[41,42]. Intriguingly, relatively low rates of hospital PCR-
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confirmed COVID-19 cases have been reported in patients
with SLE and inflammatory arthritis when compared to
patients with systemic autoimmune or immune-mediated
rheumatic diseases, despite an expected greater use of immu-
nosuppressants and corticosteroids [43]. The authors argued
that this may be partly explained by the frequent use of
antimalarial drugs - such as HCQ - in this population, which
might have played a protective role [43]. Further analyses and
additional studies are needed, and clinical trials are currently
ongoing to answer this question (ClinicalTrials.gov Identifier:
NCT04355702).

Despite all these intriguing hypotheses, in vivo evidence for
the efficacy of this drug as either prophylaxis or treatment of
COVID-19 is lacking. Rosenke et al. [44] showed lack of pro-
phylactic and therapeutic benefit of HCQ in two established
COVID-like animal models, such as SARS-CoV-2 hamster and
rhesus macaque disease models. Of note, neither the standard
human malaria dose (6.5 mg/Kg) nor a high dose (50 mg/Kg)
of HCQ led to beneficial effects on SARS-CoV-2 kinetics (repli-
cation and shedding) and clinical disease in the Syrian hamster
disease model. Similarly, HCQ administration (at a dose of
6.5 mg/Kg) for both prophylaxis and treatment of COVID-19
did not significantly improve clinical outcome nor reduce
SARS-CoV-2 replication and shedding in the upper and lower
respiratory tract of the rhesus macaque disease model.
Remarkably, in all prophylactically and therapeutically treated
macaques HCQ was detected in lung tissue at time of
necropsy, and plasma HCQ levels fell within or near human
therapeutically relevant ranges for other diseases such as
malaria and SLE (15 to 100 ng/mL plasma) [44].

4. Hydroxychloroquine for treatment of COVID-19

Due to the abovementioned preliminary findings, the negligi-
ble cost and the known safety and tolerability profile [12], the
off-label use of HCQ as an investigational drug for treatment
of COVID-19 has rapidly increased over the last few months
[9,22]. As the interest in HCQ use for prophylaxis and treat-
ment of COVID-19 also grew among governments and institu-
tional leaders on a global scale, an open debate subsequently
arose within the scientific community in pursuit of a middle
ground between the two principles of ‘right to try’ and ‘pri-
mum non nocere’ [16,45-49].

The majority of clinical studies investigating the use of HCQ
for treatment of COVID-19 have been conducted in hospita-
lized patients. A small case-control study conducted in hospi-
talized patients with confirmed COVID-19 infection initially
suggested a potential efficacy of HCQ in promoting viral clear-
ance, although major limitations included the small sample
size and lack of information about clinical and safety out-
comes [50]. Thereafter, two large observational studies con-
ducted in hospitalized patients with moderate to severe
COVID-19 showed lack of benefit from HCQ administration
(alone or in combination with azithromycin) in reducing the
need for intubation and in-hospital mortality [51,52].

Importantly, two retrospective studies conducted in hospi-
talized patients or admitted to intensive care units found that
HCQ was significantly associated with an increased risk of QT

interval prolongation, particularly when the drug was adminis-
tered in combination with azithromycin [53-55]. Based on
these findings, on April 24 2020 FDA cautioned against the
use of HCQ or chloroquine for COVID-19 outside of hospital- or
clinical trial settings because of the risk of potentially lethal
cardiac arrhythmias [56]. On June 5 2020, the chief investiga-
tors of the RECOVERY trial (a large randomized trial involving
12,000 hospitalized patients with COVID-19 to assess the effi-
cacy of different investigational drugs, including HCQ, in redu-
cing all-cause mortality within 28 days; ClinicalTrials.gov
Identifier: NCT04381936) announced closure of the HCQ arm
due to lack of benefit [57]. Thereafter, on June 15 2020, FDA
definitively revoked the Emergency Use Authorization (EUA)
for emergency use of HCQ and chloroquine to treat COVID-19,
based on a review of new information and a reevaluation of
information available at the time the EUA was issued [58]. On
July 4 2020, WHO accepted the recommendation from the
Solidarity Trial's International Steering Committee to discon-
tinue the HCQ treatment arm for hospitalized patients with
COVID-19. This recommendation was formulated in light of
Solidarity trial interim results showing that HCQ therapy is
associated with little or no reduction in the mortality of hos-
pitalized patients with COVID-19 when compared to standard
of care. However, this decision applies only to the conduct of
the Solidarity trial in hospitalized patients and does not affect
the possible evaluation in other studies of HCQ in non-
hospitalized patients or as prophylaxis for COVID-19 [59]. In
this regard, some randomized controlled trials are actively
recruiting participants to investigate the efficacy of early out-
patient treatment with HCQ in symptomatic patients with mild
to moderate COVID-19 [60]. However, a recent multicenter,
open-label, randomized controlled trial conducted on 293
non-hospitalized adult patients with recently confirmed SARS-
CoV-2 infection and less than 5 days of mild symptoms
showed that the use of HCQ (at a dose of 800 mg on day 1,
followed by 400 mg once daily for 6 days) did not significantly
reduce the viral load at day 3 or at day 7, and did not reduce
the risk of hospitalization nor shortened the time to complete
resolution of symptoms up to 28 days following diagnosis, as
compared to the control arm (no treatment aside from usual
care) [61].

Recently, FDA also warned about a potential drug interac-
tion of chloroquine and HCQ with remdesivir, a nucleotide
analogue prodrug which also received an EUA for the treat-
ment of hospitalized patients with severe COVID-19 based on
preliminary findings of a large double-blind, randomized, pla-
cebo-controlled trial [62,63]. Therefore, co-administration of
HCQ or chloroquine with remdesivir is not recommended
[64]. In vitro data showed a dose-dependent antagonistic
effect of chloroquine phosphate on the intracellular metabolic
activation and antiviral activity of remdesivir when the two
drugs were co-incubated at clinically relevant concentrations
in human epithelial type 2 (HEp-2) cells infected with respira-
tory syncytial virus [64]. Of note, increasing concentrations of
chloroquine phosphate have been shown to reduce formation
of remdesivir triphosphate in normal human bronchial epithe-
lial cells [64]. Accordingly, preliminary additional data from the
randomized, open-label phase 3 trial evaluating the safety and
antiviral activity of remdesivir in patients with severe COVID-



19 (Phase 3 SIMPLE-Severe study; ClinicalTrials.gov Identifier:
NCT04292899) recently showed that the concomitant use of
HCQ in such individuals was associated with significantly 12%
lower rates of clinical improvement or recovery compared to
patients who did not receive HCQ. Also, the analysis showed
that patients in the concomitant HCQ group experienced sig-
nificantly higher rates of adverse events [65].

5. Hydroxychloroquine as a prophylactic agent
against COVID-19

The use of HCQ has also been proposed as a potential pre-
exposure or post-exposure prophylactic strategy against
COVID-19 for individuals at high risk of being accidentally
exposed to SARS-CoV-2 [6,48,66]. Some countries approved
the empiric use of HCQ-based chemoprophylaxis in subjects
at high risk for SARS-CoV-2 infection. For instance, the Indian
Council of Medical Research (ICMR) has recommended the
prophylactic use of HCQ in high-risk categories [67], namely:

e asymptomatic household contacts of laboratory-
confirmed cases: HCQ administered at a dose of
400 mg twice a day on day 1, followed by 400 mg
once weekly for the next 3 weeks.

e all asymptomatic healthcare workers involved in contain-
ment and treatment of COVID-19 and asymptomatic
healthcare workers working in non-COVID hospitals/non-
COVID areas of COVID hospitals/blocks, as well as asymp-
tomatic frontline workers: HCQ administered at a dose of
400 mg twice a day on day 1, followed by 400 mg once
weekly for the next 7 weeks.

Nevertheless, several concerns have been raised about the
safety of HCQ use for prophylactic purposes, along with the
inability of healthcare systems to screen such a large number
of healthy contacts for risk factors of HCQ-related side effects
(e.g., concomitant use of other QT-prolonging drugs, long QT
syndrome,  glucose-6-phosphate  dehydrogenase  defi-
ciency) [68].

Some studies investigated the role of HCQ in post-
exposure prophylaxis (PEP) for SARS-CoV-2 infection
among high-risk individuals, such as healthcare workers or
inpatients of COVID hospitals (Table 1). Lee et al. [69]
showed that PEP based on HCQ administration (at a dose
of 400 mg/day) was able to prevent SARS-CoV-2 infection
among healthcare workers and inpatients after a large
SARS-CoV-2 exposure event in a long-term care hospital. In
particular, all 189 patients and 22 healthcare workers who
received PEP did not develop COVID-19 (follow-up PCR tests
were all negative at the end of 14 days of quarantine), nor
did they report any serious adverse event. However, the
interpretation of these results is strongly limited by the
lack of a control group in the study [69]. Thereafter,
Boulware et al. [70] conducted a randomized, double-blind,
placebo-controlled trial across the United States and parts
of Canada to investigate the use of HCQ as PEP for COVID-
19 in 821 asymptomatic adult participants who reported
household or occupational exposure to someone with
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confirmed disease. The primary outcome of the study was
the incidence of either laboratory-confirmed COVID-19 or
illness compatible with COVID-19 within 14 days. The parti-
cipants were randomly assigned to receive either placebo or
HCQ (800 mg once, followed by 600 mg in 6 to 8 hours,
then 600 mg/day for 4 additional days) within 4 days after
exposure. The authors found that the incidence of new
illness compatible with COVID-19 did not differ significantly
between HCQ and placebo groups [70]. Nonetheless, this
trial has several limitations [71]. In particular, the study
employed an Internet-based approach to recruit participants
and almost all data were obtained by means of participant
report. Moreover, the study methods did not allow certain
proof of exposure to SARS-CoV-2 or consistent laboratory
confirmation that reported symptoms represented a SARS-
CoV-2 infection. The specificity of COVID-19 reported symp-
toms by participants was low and enrolled participants were
generally younger (median age: 40 years) and had fewer
coexisting conditions compared to those at risk for severe
COVID-19. More important, the long delay between per-
ceived exposure to SARS-CoV-2 and HCQ administration
(=3 days in most participants) cannot exclude that this
trial primarily investigated the efficacy of HCQ in prevention
of symptoms or disease progression in persons who may
already have been infected (early treatment) rather than in
prevention of SARS-CoV-2 infection itself [71]. Also, the trial
was powered to detect a 50% relative reduction in new
symptomatic infections, which is an overly optimistic and
robust estimate [72,73].

Altogether, the aforementioned findings do not allow for
definitive conclusions regarding the efficacy of HCQ as PEP
for COVID-19. On the other hand, whether HCQ use as pre-
exposure prophylaxis (PrEP) for COVID-19 would be effective
in high-risk individuals remains to be ascertained. Several
clinical trials are currently ongoing to investigate the role of
HCQ as PrEP and PEP for COVID-19 in high-risk individuals
[74,75]. Amongst them, the Healthcare Worker Exposure
Response and Outcomes of Hydroxychloroquine (HERO-
HCQ; ClinicalTrials.gov Identifier: NCT04334148) study is
a large phase 3, double-blind, placebo-controlled trial invol-
ving 15,000 healthcare workers at risk of being exposed to
COVID-19. In this trial, HCQ is administered 600 mg bid
(loading dose) on day 1, followed by 400 mg daily on
days 2-30. The primary outcome is the number of partici-
pants with COVID-19 infection at the end of the study
period. Another phase 3, triple-blind, randomized, placebo-
controlled trial is actively recruiting 3,000 healthcare work-
ers, nursing home workers, first responders and bus drivers
to evaluate whether the use of daily or weekly HCQ therapy
can prevent SARS-CoV-2 infection and COVID-19 viremia
and clinical COVID-19 (WHIP COVID-19; ClinicalTrials.gov
Identifier: NCT04341441). In particular, weekly dosing of
HCQ is based on the recommended dose for prophylaxis
of malaria (6.5 mg/kg per dose; maximum of 400 mg per
dose) administered orally once weekly on the same day of
each week (Table 1). Additionally, weekly dosing may also
be superior in preventing HCQ-related toxicity in light of the
large volume of distribution and long terminal half-life of
this drug (Figure 1).
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Results
were negative in all 211 subjects who received PEP.

Serious adverse events were not reported.

did not differ significantly between participants
receiving HCQ (49 of 414 [11.8%)]) and those receiving
placebo (58 of 407 [14.3%)]). The absolute difference
was —2.4 percentage

Serious adverse events were not reported.

At the end of 14 days of quarantine, follow-up PCR tests
points (95% Cl, —7.0 to 2.2; p-value = 0.35).

The incidence of new illness compatible with COVID-19

of administration

HCQ dose and schedule
detection of the index case and the second case, respectively.

PEP was completed in 184 (97.4%) patients and 21 (95.5%)
healthcare workers. Median duration of PEP was 10 days

(range 2-15 days).
The participants were randomly assigned to receive either

8 hours, then 600 mg/day for 4 additional days) within 4 days

48-106 hours) and a median 18 hours (range 6-66 hours) after
after SARS-CoV-2 exposure.

placebo or HCQ (800 mg once, followed by 600 mg in 6 to

PEP was initiated within a median 58 hours (range

HCQ was administrated at a dose of 400 mg/day until the
completion of 14 days of quarantine.

Study design
The primary outcome was the incidence of either laboratory-
confirmed COVID-19 or illness compatible with COVID-19

across the United States and parts of Canada to investigate the
within 14 days.

use of HCQ as PEP for COVID-19 in 821 asymptomatic adult
participants who reported household or occupational

211 participants (189 patients and 22 healthcare workers),
exposure to someone with confirmed disease.

whose baseline PCR tests for COVID-19 were negative.

event in a long-term care hospital in Korea.

PEP using HCQ was initiated after a large COVID-19 exposure
The study was conducted on

Randomized, double-blind, placebo-controlled trial conducted

prophylaxis (PEP)

Lee et al. [69]
respiratory syndrome coronavirus 2.

Abbreviations: bid, twice a day; Cl, confidence interval; HCQ, hydroxychloroquine; n/a, not applicable; PCR, polymerase chain reaction; PEP, post-exposure prophylaxis; PrEP, pre-exposure prophylaxis; SARS-CoV-2, severe acute

Table 1. (Continued).
Post-exposure
Boulware et al. [70]

Study
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6. Conclusion

Over the last few months, HCQ has attained the status of one
of the most disputed drugs in recent years due to its wide-
spread off-label use for the treatment of COVID-19 on the
basis of low-quality evidence. Clinical evidence suggests lack
of benefit from HCQ use in hospitalized patients with COVID-
19. In such patients, HCQ also appears to be associated with
an increased risk of QT interval prolongation and potentially
lethal ventricular arrhythmias. On June 15 2020, FDA defini-
tively revoked the EUA for emergency use of HCQ and chlor-
oquine to treat COVID-19. On July 4 2020, WHO discontinued
the HCQ treatment arm for hospitalized patients with COVID-
19. Therefore, the recent experience of antimalarial drug repo-
sitioning in the era of COVID-19 showed us that even in
pandemic times the use of repurposed drugs should be cau-
tiously investigated only in randomized controlled trials,
mainly to avoid drug-related toxicity and potentially life-
threatening adverse events. Moreover, it is worth outlining
that healthcare decision-making should be based on key ethi-
cal concepts, such as evidence-based practice, sustainable
allocation and meaningful consent [76].

However, various randomized studies are currently ongoing
to investigate the safety and efficacy of HCQ as early treatment
of non-hospitalized patients with mild to moderate COVID-19,
as well as PrEP and PEP for COVID-19. In particular, a potential
role of HCQ in the prevention of SARS-CoV-2 infection is still
under debate and various studies are currently underway to
evaluate the efficacy of HCQ as a prophylactic strategy against
COVID-19. To date, more than 2,500 studies registered on
ClinicalTrials.gov are addressing different aspects of COVID-19,
including intervention studies and randomized clinical trials
[77]. Yet, a series of challenging issues may limit the interpreta-
tion of many ongoing trials, such as lack of control groups,
limited sample size, remarkable heterogeneity of treatment
effects based on the timing of administration and cluster of
disease manifestations, as well as co-administration of investi-
gational agents with multiple other therapies given at different
stages of the disease [78]. In this scenario, the safety and
efficacy of HCQ in the setting of prophylaxis (both PrEP and
PEP) of SARS-CoV-2 infection will necessarily be established by
well-designed double-blind, randomized-controlled trials, which
should still be regarded as critical research tools able to yield
the highest level of scientific evidence, despite the pan-
demic era.

7. Expert opinion

Although there is a long-standing experience with the use of
HCQ as a DMARD as well as a safe and effective intervention
for malaria chemoprophylaxis in endemic areas [12,45],
a careful risk-benefit assessment of HCQ is critical for
a cautious use of this drug during the COVID-19 pandemic,
particularly outside of hospital- or clinical trial settings. Some
of the most serious HCQ-related side effects include retinal
toxicity [12,79], neuromyotoxicity [80-85] and cardiotoxic
effects leading to potentially lethal heart rhythm disorders,
such as prolonged QT interval and ventricular arrhythmias
[12,86-88]. Besides excluding subjects with known
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hypersensitivity to HCQ or 4-aminoquinoline compounds,
upcoming trials investigating the use of HCQ should also
consider to exclude the enrollment of patients with underlying
coexisting conditions that increase the risk of HCQ-related side
effects, such as: i) patients with preexisting retinopathy/macu-
lopathy or history or risk for macular edema [89,90]; ii) patients
with preexisting cardiomyopathy, heart failure, ventricular
hypertrophy, left ventricular dysfunction, coronary artery dis-
ease and/or heart rhythm disorders such as long QT syndrome
[27,91-93]; iii) diabetic patients with macrovascular and/or
microvascular complications [42]; iv) electrolyte abnormalities
such as hypokalemia and hypomagnesemia [93]; v) family
history of premature sudden cardiac death or cardiac ion
channelopathies [91-93]; vi) patients with preexisting myopa-
thy and/or neuropathy; vii) patients with glucose-6-phosphate
dehydrogenase (G6PD) deficiency [94,95], although chloro-
quine- and HCQ-induced hemolysis in subjects with G6PD-
deficiency has not been conclusively proven [96]; viii) patients
using certain concomitant QT interval-prolonging medications
such as azithromycin [22,91-93]. Thus, baseline and follow-up
electrocardiography to evaluate for prolonged QT interval may
be advisable prior to and following the initiation of HCQ, even
in clinical trial settings. It is worth specifying that high-dose
and long-term use (>5-10 years) are the most important risk
factors for HCQ-induced retinal toxicity [12,79]. Also, the
American  Academy of Ophthalmology recommends
a maximum HCQ dose of <5 mg/kg real body weight
per day to mitigate the risk of retinopathy [89]. Short-term
use of HCQ will likely have negligible risk, even with doses
over three times higher than usual recommended maximum
dosage [79]. Given these remarks and the current inability of
healthcare systems to screen large subsets of individuals for
risk factors of HCQ-related side effects, ophthalmic screening
may not be necessary for patients using HCQ (or chloroquine)
for short-term periods [79], including those enrolled in trials
investigating the role of HCQ as prophylaxis for SARS-CoV-2
infection.

Clinical evidence suggests lack of benefit from HCQ in
hospitalized patients with COVID-19. Also, HCQ appears to
be associated with an increased risk for life-threatening side
effects. In this regard, the risk of QT interval prolongation and
subsequent cardiac arrhythmias related to HCQ may further
increase in the context of systemic inflammation and severe
manifestations of COVID-19 [93]. Severe cases of COVID-19
often develop the so-called ‘cytokine release syndrome’
(CRS), which is a systemic inflammatory response character-
ized by the excessive production of several pro-inflammatory
cytokines [97,98]. In turn, CRS can ultimately lead to the
development of acute respiratory distress syndrome (ARDS)
and multiorgan failure [98-100]. Emerging evidence suggests
interleukin-6 (IL-6) as one of the main drivers of the systemic
pro-inflammatory responses accompanying the CRS in COVID-
19 [98]. Importantly, it has been shown that the basis for the
observed clinical QT interval prolongation in the context of
systemic inflammation may rely on IL-6 ability to inhibit the
rapid component of the delayed rectifier K current (IKr), which
is encoded by the human-ether-a-go-go-related gene (hERG)
and plays a crucial role in cardiac repolarization [101]. IL-6

receptor (IL-6R) blockade is able to reverse the inhibitory
effects of IL-6 on IKr [101]. Notably, antimalarial drugs, such
as chloroquine, can also cause a QT interval prolongation via
inhibition of IKr [102]. Altogether, these findings suggest that
COVID-19-related CRS represents an independent risk factor
for QT interval prolongation and consequent life-threatening
arrhythmias. This risk may be significantly exacerbated by the
use of antimalarial drugs such as chloroquine and HCQ, parti-
cularly when these drugs are administered in combination
with other QT interval-prolonging drugs (e.g., azithromycin)
and/or in presence of COVID-19-related myocardial injury and
hypoxia [103,104]. These hypotheses well align with the pre-
liminary observational findings regarding the HCQ-related risk
of QT interval prolongation among hospitalized patients with
COVID-19 [53-55].

On the other hand, whether HCQ use represents an effec-
tive prophylactic strategy (PrEP or PEP) against COVID-19 is
a separate question that still remains to be answered through
well-designed randomized-controlled trials. As previously
mentioned, the postulated mechanisms by which HCQ may
play a role in the prevention of SARS-CoV-2 infection include
the potential ability of this drug to exert an antiviral activity
either directly or indirectly by: i) interfering with the viral
binding to ACE2 receptor and subsequent host cell entry, ii)
inhibiting the lysosomal activity and autophagy in host cells,
and iii) reducing the pro-inflammatory state which is com-
monly associated with several chronic conditions that nega-
tively affect the outcomes of patients with COVID-19.
However, chloroquine and HCQ may also alter the differentia-
tion of T-helper 2 (Th2) cells by reducing interleukin-2 (IL-2)
production and responsiveness, resulting in reduced Th2 cell
ability to suppress inflammation in SARS-CoV-2 infection [105-
107]. Hence, it cannot be ruled out that HCQ may negatively
impact the immune response to SARS-CoV-2 by delaying the
host antiviral response, potentially leading to an increase in
the initial viral load [108]. Thus, it may be worth investigating
the use of HCQ in combination with micronutrients potentially
able to promote innate immune responses, such as zinc
[109,110], vitamin C [111,112] and vitamin D [113-115]. In
this regard, a prospective case-control study is currently eval-
uating the efficacy of HCQ in combination with vitamin C,
vitamin D and zinc in preventing SARS-CoV-2 infection
among healthcare professionals (ClinicalTrials.gov Identifier:
NCT04326725). Interestingly, vitamin D deficiency has been
suggested as a potential risk factor for COVID-19 infection
and subsequent development of CRS [116]. Moreover, patients
with SLE and RA on HCQ appear to exhibit a significantly
higher risk for vitamin D deficiency compared to those who
do not use HCQ [117,118].

HCQ has a large volume of distribution and a long half-life,
which account for its slow onset of action and prolonged effects
after drug discontinuation [12]. The use of HCQ for malaria
chemoprophylaxis is recommended to start 2 weeks before
travel to an endemic area. On the contrary, prevention of SARS-
CoV-2 infection would require a more rapid attainment of HCQ
therapeutic concentrations, supporting the rationale for the use
of a loading dose in the setting of prophylaxis [21]. Notably, the
window for PEP against SARS-CoV-2 infection is narrow [73,119].



In addition, conventional HCQ dosing regimens used for malaria
prevention and treatment, which have been approved in some
countries as empiric regimens for prophylaxis of COVID-19 in
subjects at high risk for infection, may not be sufficient to reach
plasma concentrations that would be expected to suppress or
inhibit the replication of SARS-CoV-2.

As different studies keep on recruiting patients to investi-
gate the use of HCQ for prophylaxis of COVID-19, a number of
critical questions still need to be addressed. For example:
Which are the subsets of individuals for whom benefits of
HCQ use may outweigh the risks, and vice versa? What are
the optimal doses (both loading and maintenance doses),
timing and schedule of administration, as well as duration of
treatment with HCQ that are worth to be tested, without
posing serious health risks? Could the combination with
other anti-inflammatory or immunomodulatory drugs be asso-
ciated with a better safety and efficacy profile of HCQ?

Additional major challenges also remain to be addressed.
For instance, inadequate drug stockpiling [120] may pose
serious health risks to patients with rheumatic diseases for
whom HCQ has demonstrated benefits, and may lead to pre-
ventable morbidity and mortality in malaria-endemic areas
[68,121]. Furthermore, the shortage of medical personnel,
equipment and funds caused by the current pandemic sce-
nario in different countries may prevent the ability of health-
care systems to screen large subsets of healthy contacts for
risk factors of HCQ-related side effects, such as preexisting
heart rhythm disorders and G6PD deficiency.
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