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Background: Chloroquine (CQ) and hydroxychloroquine (HCQ) are old drugs used against
malaria, rheumatism, inflammation in the joints, lupus, among others. These drugs showed
positive results in preliminary scientific research for treatment of the severe acute respiratory
syndrome coronavirus (SARS-CoV-2). Since the studies with CQ and HCQ are initial with small
patient populations, it is not yet known whether there are adverse effects from the use of CQ and
HCQ for patients infected with the coronavirus.

Objectives: The aim of this study was to evaluate the evidence regarding the efficacy and safety
of CQ and HCQ used against viral infection caused by SARS-CoV-2.

Study Design: This is a narrative review of the traditional prescriptions of CQ and HCQ efficacy
and adverse effects as well as their employment for coronavirus disease 2019 (COVID-19).

Setting: In vitro and clinical studies comparing the antiviral efficacy and adverse effect profile of
CQ and HCQ against COVID-19 in adult patients were evaluated.

Methods: A systemic search of reviews, including in vitro and clinical trial studies in English focusing
on CQ and HCQ effects and adverse effects against COVID-19 in the adult patient population from
PubMed was performed. It included studies reporting chloroquine and hydroxychloroquine effects
and adverse effects against COVID-19.

Results: A total of 42 articles published between 2004 and April 2020 were reviewed for
therapeutic use of CQ and HCQ. Both these drugs showed a significant in vitro potential against
coronavirus. Many studies for clinical use of CQ and HCQ showed that patients presented adverse
reactions on high doses.

Limitations: Clinical studies have some methodology shortcomings, such as lack of information
about the treatment and small number of experimental patients, leading to a misinterpretation of
the data. Besides, there are few clinical studies with a limited sample size. Moreover, most of them
did not present control groups, and some patients had died during these protocols.

Discussion: Despite both CQ and HCQ in vitro antiviral evidence, clinically, both drugs, either
alone or combined with other medications, may increase the risk of cardiac arrhythmias, leading
to cardiac arrest and sudden death. Besides, a lot of uncertainty still remains, such as starting
administration period, dose prescribed, length of treatment, patients’ condition, concomitant drug
use, among others.

Conclusion: From the studies reviewed, it is not possible to state the precise efficacy and safety
of CQ and HCQ use in the treatment of COVID-19 at any time in the course of the disease. Future
studies are warranted.

Key words: SARS-CoV-2; COVID-19; chloroquine; hydroxychloroquine; pandemic; coronavirus;
adverse effects; side effects; cardiac arrhythmias; ocular toxicity, retinopathy; pharmacokinetic.
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ecently discovered, an infection with the new

severe acute respiratory syndrome coronavirus

(SARS-CoV-2) has quickly spread worldwide. The
outbreak of coronavirus disease 2019 (COVID-19) started
in Hubei Province (Wuhan, China) in December of 2019
(1). Although genetically related to both SARS-CoV-1
and Middle East Respiratory Syndrome coronavirus
(MERS-CoV), with a better genome sequence identity
with SARS-CoV-1, the new SARS-CoV-2 presents
higher infectiousness rates (2,3). Because of its fast
dissemination both inside and outside China, COVID-19
was considered as a pandemic in March of 2020 by the
World Health Organization (4).

The COVID-19 has a wide variability in clinical
presentations, ranging from asymptomatic or mildly
symptomatic to severe respiratory and systemic condi-
tions resulting in death, especially in elderly patients
and those with previous cardiovascular or respiratory
comorbidities. In a study regarding the severity of the
outbreak in China, WU and McGoogan (2020) (5)
showed that from 72,314 registered cases, 81% were
considered as mild cases, whereas 14% accounted for
severe cases and 5% for critical cases. The age range af-
fected was between 30 and 79 years old (87 % of cases).

The transmission occurs mainly via respiratory
droplet, although oral-fecal transmission has also been
reported (6). The pathophysiology of COVID-19 can
be divided into three main phases: 1) an early phase,
characterized by both viral infiltration and replication,
presenting lymphocytopenia; 2) a pulmonary phase,
which is a progressive state of the disease, character-
ized by pulmonary damage, accompanied by respira-
tory compromising which can be detected by abnormal
chest imaging; and 3) the inflammatory response over-
reaction, with an increase in proinflammatory markers
production, known as cytokine storm syndrome (7).

In this context, drug repositioning appears as a
possibility for new treatments against COVID-19. It is a
new therapeutic use of an old drug, besides the original
prescriptions. The COVID pandemic has raised several
off-label and compassionate therapeutic possibilities
for infected patients, most of them based on their in vi-
tro antiviral activities and also their anti-inflammatory
responses, considering COVID-19 pathophysiology.
Among these drugs, the off-label chloroquine (CQ) and
hydroxychloroquine (HCQ), drugs used in clinical medi-
cine not only as antimalarial, but also for the treatment
of autoimmune diseases, such as systemic lupus erythe-
matosus and rheumatoid arthritis, have been used (8).

There are several mechanisms of action described

for these antimalarial drugs, most being based on in vi-
tro studies (9). Both drugs are bases that contain a large
volume of distribution, accumulating on lysosomes and
inhibiting endocytosis, phagocytosis and autophagy. In
addition, these medications also inhibit signaling path-
ways that may reduce proinflammatory cytokines. They
also interfere in the immune activation in different cel-
lular levels, preventing the occurrence of many innate
and adaptive immune processes.

The in-depth analysis of literature since the mid-
1960s, CQ has shown to possess antiviral activity. In
1969, Inglot, Anna D. (10) compared the antiviral
activity in vitro of several anti-inflammatory drugs.
Further studies have proved that this antiviral action
was probably due to the increase of the pH in the acid
organelles, such as endosomes, phagosomes and Golgi
apparatus (11).

The in vitro experiments performed by Wang, M.,
Cao, R., Zhang, L., et al (12) with CQ and HCQ were suc-
cessful in treating the infection with the new coronavi-
rus. Both drugs inhibit quinone reductase 2, interfering
with sialic acid biosynthesis, crucial viruses’ components
used as receptors to enter human cells (13). Another
described mode of action includes the glycosylation
deficit of the virus cell surface receptors, compromis-
ing their binding to angiotensin-converting enzyme 2
(ACE2) receptors (14). However, due to the lack of in
vivo efficacy, it is necessary Interventional studies to
determine if these relationships are causal or merely
associational.

The Infectious Diseases Society of America (IDSA)
guideline (15) used for the management and treatment
of the new coronavirus emphasizes the importance of
additional randomized clinical studies, as well as the
prospective results records, and it recommends the CQ
and HCQ use in hospitalized patients in these clinical
studies. The treatments with CQ and HCQ for COVID-19
are off-label (16).

However, the CQ or HCQ efficacy against COVID-19
is controversial and it has not been fully investigated.
Thus, we performed a detailed pharmacological scien-
tific review regarding the CQ and HCQ use as a treat-
ment for SARS-CoV-2 and others coronavirus, exploring
its pharmacokinetics and its adverse effects, as well as
its risks and effectiveness.

MEeTHODS

Literature Search Strategy
An exhaustive search was performed on the
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PubMed-Medline using the following keywords: CO-  garding clinical, pharmacological and in vitro studies,
VID-19, Chloroquine and Hydroxychloroquine. We  as well as reviews published up to April 13th, 2020
included all studies related to COVID-19, CQ and HCQ were included. Fig. 1 shows the flowchart and each
in vitro and clinical studies. Once the search was not step performed in the selection process to recover
restricted by publication date, all original papers re-  relevant studies.
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Fig.1. Narrative review flow diagram the literature search results. Based on ‘Preferred Reporting Items for Systematic
Reviews and Meta-Analyses: The PRISM A Statement’. hitp://www.prisma-statement.org
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Studies Selection: Inclusion and Exclusion

Criteria

The initial literature search yielded more than 100
publications from PubMed. Only 78 articles fulfilled the

inclusion criteria. These articles were then indepen-

dently evaluated based on inclusion criteria by 5 inves-
tigators, and disagreements between the investigators

Table 1. Recent articles evaluating the potential roles of CQ and HCQ as treatments for COVID-19.

were discussed and resolved. A total of 42 studies were
included for the final analysis (Table 1). Considering the

(n=31).

improvement of pneumonia.

Author/Date | Study Type Method/Patients Conclusion Outcome
Ferrev et al.. 2020 1 patient positive for A 56-year-old man with end-stage renal disease, who developed Not
a7) Y " Casereport | COVID-19 with unusual COVID-19 infection remained in critical condition being treated with anplicable
symptoms. HCQ and tocilizumab. PP
An immunocompromised woman (recent chemotherapy) and her
Spezzani, Piunno 2 patients positive for presumably healthy husband (controlled arterial hypertension) were Not
and Iselin, 2020 | Case report CgVID-lg treated with darunavir/cobicistat and HCQ. The woman became applicable
(18) ’ negative for SARS-CoV-2 first. Her husband needed intensive care, PP
however he was successful as well.
Inciardi et al. 1 patient without previous | The cardiac involvement is a possible late phenomenon of the viral Not
2020 (19) N Casereport | cardiovascular disease and | respiratory infection. Virus infection has been described as one of the anplicable
positive for SARS-CoV-2. | most common infectious causes of myocarditis. pp
Bartiromo et al li{lti(:;lfzftfz?esgl;n tSe:nE(;i Many therapies were applied during the treatment, including HCQ Not
” | Case report p thaen (200 mg bid) and after 9 days, the patient could be discharged from the .
2020 (20) Loken syndrome, positive . ok . - . applicable
for COVID-19. hospital, and stayed at home isolation taking only corticosteroids.
30 patients randomized 1:1
Jun et al,, 2020 Clinical tiic%%rgugoztiggnmtr% The results demonstrated that both HCQ and the control groups had
@1) v S ger Sp da 3 Combinatio%l an improvement to combat COVID-19, although larger sample size Favorable
td Ss/ith corz;e;ltion al study is needed to investigate the effects of HCQ in COVID -19.
treatment (not related).
62 patients with a history
Xu et al,, 2020 Clinical Of,tsliz\;zhf% % ;Z‘gsu_}g:\’]_z Patients from Zhejiang province had milder symptoms than patients Not
(22) study Erere observed for two from Wuhan. applicable
weeks.
Non-randomized
;zg:r:,); lrlé(clgizjtilslgl};te d A comparative analysis of the groups showed that on the sixth day,
HCQ (600mg/daily) or 14 of the 20 patients who received treatment with HCQ had negated
in combination wiZh the PCR against only 2 of the 16 patients in the control group. In the
Gautret et al Clinical azithromycin. combined treatment group, 100% of the patients negated PCR on
2020 (23) ” - Groups: IYI C Q and HCQ the fifth day of treatment. Three patients from the HCQ group were Favorable
Y + i tIljlr'om cin (n=20); transferred to the intensive care unit, one died on day 3, one was lost to
control roz (ne 1_6) > follow up and one stopped due to nausea. No control patients were lost
There isgno SI; eci;"lc : to follow-up. Control group and intervention group treated in different
treatment for control e
group. Lack of information.
Only 61% of the patients that were treated with HCQ achieved the
Perinel et al., Clinical N=13 patients supposed minimum therapeutic level (1 mg/L). Also, HCQ was able to | Not
2020 (24) Study =P ’ cause a severe adverse effect. More kinetic studies are still necessary to | applicable
define the optimal dosing regimen for patients with COVID-19.
The article demonstrates
Huane et al. Clinical ?ricaolrlr;gtavfrzzr‘;elghinrgir / Patients treated with CQ became negative for SARS-CoV-2, recovered
2020 (gz 5) ” Stud ritonavir and Cg efficac better and regained their pulmonary function faster than the group Favorable
4 OV i Y| who received lopinavir/ritonavir.
(n=22).
62 patients. . . . L
. The HCQ treatment in COVID-19 patients was efficient, since it
85’1 etal, 2020 gtllll?f;al ag%;rjigrézr:trgé{) ;rli)up was able to shorten the time to clinical recovery and promoted the Favorable
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Table 1 (cont.). Recent articles evaluating the potential roles of CQ and HCQ as treatments for COVID-19.

Author/Date | Study Type Method/Patients Conclusion Outcome
In silico study to assess the
efficiency of CQ and HCQ | A new type of ganglioside-binding domain (conserved among
Fantini et al., In silico as repositioned candidates | all clinical isolates) was shown and was able to improve the viral Not
2020 (27) for the treatment against attachment and facilitate contact with the ACE2 receptor. The CQ and | applicable
the SARS-CoV-2 before HCQ prevented the binding of the protein S to gangliosides.
their clinical evaluation.
.It used SARS-CoV-2 HCQ was more potent than CQ. HCQ dose was 400mg twice a day,
Yao et al., 2020 . infected Vero-cells on . .
In vitro . followed by a maintenance of 200mg twice a day for 4 days. CQ dose Favorable
(28) PBPK models at 5 different .
was 500 mg twice per 5 days.
doses. i
Keyaerts et al., . Galgleri Vgth ?ﬁ RS- CQ inhibited SARS-CoV replication in Vero E6 cells on IC 50 of 8.8 bl
2004 (29) In vitro CoV were tested wi M Favorable
isolated CQ-phosphate. ’
' Vero E6 cells treated with CQ identified as an effective antivir'al agent for SARS—COV in
Vincent et al,, . . . cell culture. The drug was added prior to infection or after the
In vitro CQ (isolated) before virus . . X . . Favorable
2005 (14) . . establishment of infection. The antiviral effect suggests prophylactic
SARS-CoV infection. .
and therapeutic advantages.
CQ was added (10 M)
24h prior to SARS-CoV
infection and 3 to 5 hours
after infection in HRT-18 | CQ showed in vitro antiviral properties against HCoV-OC43
Keyaerts et al., In Vitro and | cells. C57BL/6 pregnant replication in HRT-18 cells and against SARS-CoV infection. The Not
2009 (30) In vivo mice were injected with inhibition of HCoV-OC43 replication was more potent. An antiviral applicable
CQ (different dilutions) effect before and after the establishment of the infection is suggested.
and subsequently, puppies
were inoculated with the
HCoV-0C43.
The use of different formulations of CQ (monophosphate, diphosphate,
Barnard et al, In vitro and ijrlcan gi'leen monke}lr a}rlld the CQ itself) 1;1 dlffergnt assays to yenfy th;lr cgpac1}tly to 1nh1b1t 1
2006 (31) In vivo dney cells (Vero 76); the SARS-CoV replication in vitro and in vivo, showing that in vitro Favorable
female BALB/c mice. had better results than in vivo. These drugs are possible treatments for
SARS-CoV-2 infection.
CQ was able to interfere in the ideal cleavage of the virus and in the
Devaux et al., Review Narrative review. viral communication with its target cell through the inhibition of Favorable
2020 (32) ’ kinases pathway. Moreover, it was able to interfere with the proteolytic
processing of the viral protein M.
Du and Chen, . . . Some CQ studies were presented; however, the focus is especially in the | Not
Review Narrative review. O .
2020 (33) use of favipiravir. applicable
Gbinigie and Frir, Review Narrative review There is no sufficient data to determine if CQ and HCQ are both Unfavorable
2020 (34) effective and safe for the treatment of COVID-19.
Kakodkar, Kaka There are some characteristics about the coronavirus itself and the
and Baig, 2020 Review Narrative review. possible treatments regarding its related disease. One of the discussed Neutral
(35) treatments includes the CQ usage and applicability.
Effects of CQ and HCQ can show contradictory results depending on
Shah et al., 2020 . . . r— itis earl d these d holaxi Not
36) Review Narrative review. e study. However, it is early to recommend these drugs as prophylaxis e
for COVID-19, since no clinical and in vivo data were published.
Cortegiani et al Six articles were analyzed and all of them showed effectiveness of
& ” | Review Narrative review. CQ for treatment of COVID-19, highlighting the importance of Favorable
2020 (37) o . -
monitoring patients, due its side effects.
Lai et al.. 2020 CQ s a promising drug in COVID-19. Although clinical trials are
38) ” Review Narrative review. investigating the efficacy of several agents, so far there is no effective Not clear
treatment for SARS-CoV-2.
The use of HCQ and their cardiovascular risks are taken into
Kapoor et al. consideration, since HCQ has been used globally for treatment and
20; 0(39) 2 Review Narrative review. prophylaxis of COVID-19, based on in vitro or some clinical data. The | Neutral
National Task Force for COVID-19 constituted by Indian Council of
Medical Research (ICMR) recommended HCQ for prophylactic use.
www.painphysicianjournal.com S355
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Table 1 (cont.). Recent articles evaluating the potential roles of CQ and HCQ as treatments for COVID-19.

(57)

and its analogs are dependent on variables of the disease.

Author/Date | Study Type Method/Patients Conclusion Outcome
Main side effects of CQ/HCQ are related to retinopathy, neuromyopathy,
. . . . and cardiomyopathy. Both are slowly excreted due to the long half-life.
Wi, APUELD) | Blsdon N N B This leads to tissue bioaccumulation after chronic treatments, being R
necessary to monitor side effects after the treatment is finished.
COVID-19 seems to be rare or has a milder course in children and
Haslak et al., Review Narrative review. rheumatic diseases did not represent a risk factor for more severe Favorable
2020 (41) ’ disease courses. An explanation can be that antirheumatic drugs, like
HCQ, may have a protective and therapeutic role in COVID-19.
Singh et al., 2020 Review Narrative review Describes the mechanism of action of CQ and HCQ and mentions Favorable
(42) : positive studies in the treatment of COVID-19 by these drugs.
Gupta, Agrawal There is not enough evidence to use CQ for treatment of COVID-19.
and Ish, 2020 Review Narrative review. The use should be restricted to clinical trials with strict vigilance and Unfavorable
(43) follow up to further clarify its role.
Repositioning clinical trials may represent a strategy which would
Rosa and Santos, Review Narrative review facilitate the discovery of new classes of medicines, decrease costs Favorable
2020 (44) : and take less time to reach the market, and there are existing
pharmaceutical supply chains for formulation and distribution.
Gupt and Misra, Review Narrative review HCQ could be offered as an off-label treatment to patients with Favorable
2020 (45) ’ moderate to severe COVID-19 infection.
Zhang et al.. 2020 CQ and its derivatives inhibit viral replication in vitro. However,
(46) getal, Review Narrative review. there are potential adverse drug reactions, such as cardiotoxicity and Unfavorable
irreversible retinopathy.
Dashraath, Jeslyn There is a necessity for a higher dose of CQ in pregnancy due to
and Karen, 2020 | Review Narrative review. significant lower plasma concentrations. However, these higher doses | Unfavorable
(47) could cause systolic hypotension.
Hussain, To date, there is no consensus regarding the appropriate treatment for
Bhowmik and do | Review Narrative review. patients with diabetes and SARS-CoV-2-positive, as well as patients Unfavorable
Vale, 2020 (48) with COVID-19 who develop glycemic decompensation.
Zhou, Dai and Review Narrative review. HCQ exhibits an antiviral effect highly similar to that of CQ, and could Favorable
Tong, 2020 (49) ’ serve as a better therapeutic approach, due to CQ severe side effects.
Wenzhong and CQ is shown to be capable of preventing orflab, ORF3a, and ORF10 to
Hualan, 2020 Review Narrative review. attack the heme protein and forming porphyrin, which could at some | Favorable
(50) extent decrease the symptoms of respiratory distress.
Plantone and HCQ and CQ have anti-inflammatory, immunomodulating, anti-
Koudriavtseva, Review Narrative review. infective, antithrombotic, and metabolic effects, as well as antitumoral | Favorable
2018 (51) properties.
Agrawal, Goel Some studies have already been done with HCQ, and there are benefits
and Gupta, 2020 | Review Brief narrative review. from the use of this drug, however, there is not yet enough studies Unfavorable
(52) proving HCQ safety and efficacy.
. CQ has shown a significant inhibition of SARS-CoV multiplication in
Xie and Chen, . . . . L 1L as effi le safetv i .
2020 (53) Review Narrative review. vitro and in vivo, as well as efficacy and acceptable safety in patients Neutral
infected with COVID-19 in clinical trials.
iﬁ(}fﬁiﬁgogu ¢ Review Narrative review. More studies are necessary to point out if CQ/HCQ are safe and effective Unfavorable
2020 (54) > . to treat COVID-10, and to reach an optimal dose of CQ and HCQ.
CQ and HCQ showed inhibitory activity against SARS-Cov-2 in vitro
Lu, Chen and . . . L A . .. .
Review Narrative review. and promising results in clinical studies. However, more clinical trials | Neutral
Chang, 2020 (55) :
are necessary to confirm their efficacy and safety.
The use of either CQ or HCQ and azithromycin for treatment or
Juurlink, 2020 . . . prevention of SARS-CoV-2 infection is currently supported primarily
(56) L5150 INEe e TS by in vitro data and few studies involving humans, and there are several Distorelble
uncommon but potentially life-threatening adverse effects.
Zhai et al.. 2020 CQ/HCQ demonstrated optimistic results in vitro and in a clinical trial.
” Review Narrative review. However, it is still necessary to determine whether the efficacy of CQ Favorable
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heterogeneity in methodology and treatment indica-
tions among studies published between 2004 and 2020,
a narrative review of these studies was performed.

In the present review, there are different categories
of articles, including case reports and clinical studies. In
this concept, there are 26 reviews, 4 case reports, 1 in
silico study, 2 articles describing both in vitro and in vivo
studies, 3 articles describing only in vitro studies and
6 clinical studies. All letters, opinions, news, personal
views and commentary were excluded. The studies
related to CQ and HCQ use against COVID-19, as well
as studies involving their mechanisms of action against
COVID-19 were included. Additionally, an in silico study
(computer simulation) about the mechanism of action
of CQ and HCQ against SARS-CoV-2 was included. In
vitro and in vivo experimental studies describing the
effect of CQ and HCQ on coronavirus were added.
Clinical studies and case reports involving CQ and HCQ
administration to treat SARS-CoV-2 were also included.

Review AND REesuLTs

Reviews

Regarding the review articles, some of them are
favorable for HCQ/CQ use, whereas other reviews are
more concerned about their use. Some reviews pre-
sented the same favorable clinical and in vitro studies,
due to the low number of studies already approved and
published. In other words, when the review articles con-
sider that either CQ or HCQ are effective, in fact they
were based on studies with a lack of evidence for any
conclusion. Additionally, there is a review that provides
studies about the mechanism of action of CQ and HCQ
against COVID-19.

In silico Study

The in silico study (27) simulated where CQ and
HCQ can act on viral replication cycle as possible candi-
dates for the treatment against the SARS-CoV-2, before
their clinical evaluation. The authors observed that CQ
and HCQ were able to prevent the binding of the viral
protein to gangliosides, a potential domain involved in
the attachment of the virus to human cells. However, in
order to verify CQ and HCQ efficacy, these drugs need
careful in vivo study before clinical evaluation.

In vitro Studies

Among the selected studies, four articles of in vitro
studies were from previous uses of CQ/HCQ not related
to COVID-19 (14,29-31). However, these studies pre-

sented other types of coronavirus, and were included
in order to verify the use of HCQ/CQ. Regarding the
COVID-19 outbreak, only one in vitro study (28) spe-
cifically addressed CQ/HCQ use. Taken together, all in
vitro studies demonstrated a great potential of CQ and
HCQ against the coronavirus. Yao et al. 2020 (28) dem-
onstrated that HCQ in vitro was more potent than CQ;
according to PBPK (physiologically based pharmacoki-
netics) modelling results, HCQ dose was 400mg twice a
day, followed by a maintenance of 200mg, twice a day,
for 4 days; CQ dose was 500 mg twice per 5 days.

Clinical Studies

All clinical studies included in Table 1 presented
some methodology shortcomings. For example, Chen
et al. 2020 (26) did not specify other drugs and doses
used besides HCQ (dose = 400 mg/d) during the treat-
ment. Thus, there was no specific treatment for control
groups. Gautret et al. 2020 (23) also had issues with
control groups; the authors did not provide any infor-
mation about the control group treatment. Besides,
each study group was treated in different places. Ad-
ditionally, all studies presented a reduced number of
enrolled patients (ranged from 13 to 62). Furthermore,
almost all studies attributed patient survival to CQ/HCQ
use and patient death to lack of medication and/or dis-
ease complications. Indeed, studies only demonstrated
the improvement of medication use against COVID-19,
with some patients discontinued due to severe adverse
drug reactions (ADR) or death.

Pharmacokinetic Considerations

CQ and HCQ have been used as standard for ma-
laria for more than 40 years, but the rising of resistant
parasites in malaria endemic regions reduced their use
(58). Besides the antimalarial employment, they have
also been used in oral therapy of choice for cutaneous
and systemic lupus erythematosus and rheumatoid
arthritis.

All the established data for both drugs were
obtained from previous studies that showed well de-
scribed applications such as in malaria or lupus. The
gastrointestinal absorption of CQ and HCQ is excel-
lent, favored by the water-soluble properties of these
molecules (0.7-0.8 bioavailability). This absorption is
favored by the concomitant intake of food and can
be altered by severe malnutrition (59). The maximum
plasma concentrations are obtained within 1 to 2 hours
after HCQ administration and within 2 to 6 hours for
CQ. It should be noted that the bioavailability of these

www.painphysicianjournal.com
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molecules, particularly HCQ, can vary significantly from
one subject to another (59-61).

Both CQ and HCQ are widely distributed in the
body, especially in red blood cells with regard to CQ,
and in the liver and kidney with regard to HCQ. CQ is
extensively distributed with a large total apparent vol-
ume of distribution (Vd), higher than 100 L/kg. Because
of its Vd, distribution rather than elimination processes
determine the blood concentration profile of CQ in
patients (62).

These two molecules have affinity for cells con-
taining melanin, which partially explain some adverse
effects (particularly ocular), but they also bind to mono-
nuclear cells, muscles, etc. CQ and HCQ pass weakly into
breast milk (63,64). In plasma, protein binding ranges
between 30 and 40% with binding to both albumin and
alpha 1 glycoprotein (59).

CQ is metabolized to an active metabolite (N-des-
ethylchloroquine) and other metabolites primarily by
CYP2C8 and to a lesser extent by CYP3A4 and CYP2D6
(65,66). There is an association between CYP2C8*2 and
*3 and gametocytemia and parasitemia low clearance
rates in CQ/primaquine treated patients, but with low
relevance (67). CYP2D6 is also responsible for metabo-
lism of CQ, and polymorphisms for this isoform have
already been described in literature (68). In vitro and in
vivo, CQ and desethylchloroquine competitively inhibit
CYP2D1/6-mediated reactions (69).

HCQ is partially metabolized in the liver before be-
ing eliminated by the kidney (59). Elimination is mainly
renal, presenting values ranging from 50 to 60%. A
large amount of the administered dose of CQ is found
in the urine, mainly in unchanged form. The plasma
half-life of these molecules is long: 10 to 30 days for CQ
and 20 to 40 days for HCQ. These half-lives vary widely
depending on the patients and the daily doses received.
Note, it will take several weeks to reach steady-state
concentrations.

Renal CQ clearance accounts for about half of its
total systemic clearance. CQ exhibits complex pharma-
cokinetics in adults and children, so that plasma levels
of the drug shortly after its administration are deter-
mined by the rate of distribution and not by the rate
of elimination. Due to extensive attachment to tissues,
a loading dose is required to obtain effective plasma
concentrations. This way, the interindividual variation
is related to distribution including any factor that can
potentially influence the absorption, metabolism or
elimination of the drug. These include: age, body mass
index, compliance, other medications, dose, intestinal

or renal or liver disease and smoking (62).

For malaria, lupus and rheumatoid arthritis there
is a linear correlation between clinical response and
blood concentration. Dosing schedules for malaria
treatment usually gives higher doses, for 1 up to 3 or 5
days. A pharmacokinetically suitable regimen is to ad-
minister an initial dose of 10 mg of base/kg, followed
by 5 mg/kg, 6 to 8 hours later and 5 mg/kg on each of
the following 2 days. Another more practical regimen,
used in many areas, consists of 10 mg/kg on the first
day, followed by 7.5mg/kg on the second and third days
(59,69).

The data for the use during COVID-19 pandemic
are few and includes little patients. Simulations about
data obtained in literature make possible predictions in
a mechanistic PK/virologic/QT model for HCQ to predict
SARS-CoV-2 rate of viral decline and QT prolongation.
SARS-CoV-2 viral decline was associated with HCQ phar-
macokinetics (P < 0.001). The extrapolated patient EC50
was 4.7 uM, related to doses higher than 400mg, twice
a day, were predicted to rapidly decrease viral loads,
reducing the proportion of patients with detectable
infection, and shortening treatment courses, compared
to lower dose (<400 mg daily) regimens. The big con-
cern is that higher doses were also predicted to prolong
QT intervals, pointing to important clinical implications.
Due to COVID-19’s variable natural history, lower dose
regimens may not present efficacy, making results in
treated groups indistinguishable from controls (70).

CQ and HCQ: ADRs and Safety Outcome

The therapeutic traditional uses of CQ and HCQ
for the treatment of malaria, rheumatoid arthritis and
systemic lupus erythematosus may be accompanied by
several adverse effects of varying degrees of severity.
Before detailing the most important drug-related ad-
verse effects, it is important to describe some general
terms.

ADR is a harmful and unintended response to a
drug that occurs at therapeutic doses normally used
in humans for prophylaxis or treatment. An ADR is the
clinical manifestation of a drug treatment that occurs
when a substance (a parent drug or a metabolite, a
contaminant, etc.) is distributed through the body tis-
sues and interacts with a macromolecule (a receptor or
an enzyme), resulting in a physiological or pathological
change, i.e. an adverse effect (71-74).

Regarding the adverse effects, a toxic effect is an
adverse effect arising from supratherapeutic concentra-
tions, i.e. an exaggeration of the desired pharmacologi-
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cal effect, usually related to genetic polymorphisms,
age, sex, drug interactions and some diseases, like renal
and hepatic diseases. A collateral (or side) effect occurs
at therapeutic concentrations and may be caused by a
pharmacological mechanism other than the therapeu-
tic action, or throughout the same pharmacological
action, but in a different tissue. Hypersusceptibility re-
action is a general term that describes adverse effects at
subtherapeutic concentrations in susceptible patients
(72,73).

Although there are several in vitro studies on either
CQ or HCQ efficacy against SARS-CoV-2, the required
high doses, necessary to achieve a high concentration,
may cause toxicity in humans (75). In this study, we will
emphasize both collateral and toxic effects of these
drugs.

General Adverse Effects

CQ and HCQ have several ocular and systemic
adverse effects, which include effects in the gastroin-
testinal tract, neurological, neuromuscular, dermato-
logical and cardiological systems (76-79). Ponchet et al.
(2005) (78) evaluated 350 patients with systemic lupus
erythematosus treated with CQ diphosphate (250 mg/
day). The authors observed adverse effects in 35.7% of
the patients: 17.4% ocular, 10% gastrointestinal, 3.4%
dermatologic, 2.9% headache, 1.7% neuromuscular
and 0.3% psychiatric effects. Braga et al. (2015) (77)
assessed 50 patients with P. vivax malaria before and
after treatment with CQ (10 mg/kg/day during 3 days)
and primaquine (30 mg/day during 7 days or 15 mg/
day during 14 days). The adverse effects related were
blurred vision 54%, meso or hypogastric pain 32%,
nausea 32%, diarrhea 24%, lack of appetite 24%, vom-
iting 22%, bitter taste in the mouth 40%, pruritus 22%,
“stinging” skin 22%, paresthesia 6%, choluria 44%,
pale stools 12%, weakness/malaise 36%, and insomnia
46%. The studies mentioned show that gastrointestinal
and dermatological reactions are the most common sys-
temic adverse effects, while cardiac disorders are rare
when CQ is used in accordance with guidelines for the
rational use of medicines. Nevertheless, it is important
to note that cardiac effects involve high morbidity and
mortality. Higher doses contribute considerably to en-
hance adverse effects frequency and severity.

Cardiac arrhythmias

Wagner et al. (2010) (80) suggested that CQ-
induced cardiotoxicity occurs by blocking open-channel
of fast transient outward K+ current (Ito). Cardiac reac-

tions are characterized by conduction disorders, such
as QT-interval prolongation and atrioventricular block;
and cardiomyopathy, such as hypertrophy, and conges-
tive heart failure. In 2012, Ténnesmann et al. (2012)
(81) questioned whether cardiac damage by CQ was
rare or underreported because it may be asymptomatic
for a long period. Studies have shown that conduction
disorders precede cardiomyopathy and CQ treatment
continues even in the presence of these reactions, due
to inappropriate evaluation. There is still a lack of stud-
ies evaluating CQ-induced cardiotoxicity (82).

A systematic review evaluated eighty-six individual
cases or short series, with a total of 127 patients treated
with CQ, HCQ, or both in succession, during a long time
(median 7 years; cumulative dose of 803g and 12359 for
HCQ). The authors reported that 85% of the patients
had conduction disorders, 22% hypertrophy, 9.4%
hypokinesia, 26.8% heart failure, 3.9% pulmonary
arterial hypertension, and 7.1% valvular dysfunction.
Withdrawal of therapy was described for 78 patients,
of which 44.9% recovered cardiac functions, 12.9% pre-
sented irreversible damage and 30.8% died (82).

Recently, the French National Agency for Medicines
and Health Products Safety (ANSM - L'Agence Nationale
de Sécurité du Médicament et des Produits de Santé),
in collaboration with pharmacovigilance centers, re-
ported that 82 from about 100 patients infected with
COVID-19, showed severe ADR, using lopinavir-ritonavir
and HCQ for treatment, including 4 cases of death. The
effects observed were hepatotoxicity, nephrotoxicity,
retinal damage, and cardiovascular reactions. In a sec-
ond study with 53 cases of cardiac adverse effects (43
cases with HCQ alone or in combination, mainly with
azithromycin), ANSM revealed 7 cases of sudden death
(3 were recovered by external electric shock) and 12
cardiac disorders, such as electrocardiographic rhythm,
and conduction disorders that include QT-interval pro-
longation (83).

Borba et al. (2020) (84) suspended a study with 440
patients enrolled, because 81 of them developed severe
ADR, mainly cardiac reactions. The authors evaluated
high (600 mg) and low doses (450 mg) of CQ in hospital-
ized patients with SARS. The patients also received ceftri-
axone and azithromycin. It was observed that QT-interval
prolongation was more pronounced in patients receiving
high doses of CQ, and total fatality rate was 13.5%.

Ocular Toxicity
Both CQ and HCQ most important collateral ef-
fects are keratopathy and retinopathy. In keratopathy,
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corneal deposits mainly composed of antimalarial salts
are found in the basal epithelium. It may be detected
in the beginning of therapy, usually after 3 days. Al-
though most patients are asymptomatic, some of them
occasionally see halos around light. Keratopathy can
be reversed and usually disappears after cessation of
therapy, regardless of age, sex, length of treatment and
cumulative dose (85,86).

Rare retinopathy is one the most serious CQ and
HCQ-associated adverse effects. Drug-induced retinopa-
thy is an irreversible and usually progressive phenom-
enon, related to the total amount administered, i.e.
cumulative dose, and long-term use. First changes are
observed in ganglion cells cytoplasm, including retina
photoreceptors degeneration. Furthermore, both CQ
and HCQ have a selective affinity for melanin, located
in the retinal pigment epithelium, impairing retinal
metabolism. The drug may be stored within this tissue
for years, even after therapy discontinuation (87-89).
Although CQ damages both inner and outer retina, HCQ
does not seem to harm significantly the inner retina (90).

Clinically, drug induced-retinopathy causes the
atrophy of retinal pigment epithelium, leading to a bi-
lateral damage in macular pigment, namely “bull’s eye”
maculopathy. This atrophy, together with neurosensory
retina atrophy, may occur in the advanced stages of the
retinal toxicity. Patients usually report central vision
loss, visual field impairments, color vision deficiency
and night blindness (91,92). Whereas up to 25% of pa-
tients reported ocular adverse effects caused by CQ use,
for HCQ this number reached up to 3.5% (89).

According to the American Academy of Oph-
thalmology, risk factors for drug-induced retinopathy
include: daily dose greater than 2.3mg of CQ/kg of
bodyweight or 5.0mg of HCQ/kg of bodyweight; dura-
tion of therapy greater than 5 years; high percentage
of body fat; renal or hepatic disease; over 60 years old;
and genetic factors (89,90).

As detailed in the pharmacokinetic section, both
CQ and HCQ are primarily stored in melanotic tissues,
liver and kidneys, and it is slowly eliminated from the
body. Thus, to prevent serious ocular adverse effects,
recommended daily doses should be equal to or less
than: 250mg for CQ and 750 mg for HCQ. Alongside
dose, a long-term duration of therapy may increase the
risk of retinopathy, even post-cessation. Some reports
describe delayed reactions, a decade after long-term
CQ administration (93).

As both drugs are not stored in lipid tissues, real
bodyweight formulas for dose calculation may cause

toxic effects in obese individuals. Hepatic and renal
diseases may compromise both CQ and HCQ biotrans-
formation and excretion processes, resulting in a
toxic effect. Age-related general changes in the drug
disposition mechanisms of elderly patients may lead to
toxic effects. Moreover, as they usually have a macular
degeneration, the risk of retinopathy in healthy retina
tissue increases (89,90).

It is hypothesized that CYP2C8, CYP3A4 and
CYP2D6 poor metabolizers may negatively impact CQ
biotransformation, causing a toxic effect. However,
both renal excretion and multiple enzymes involved in
CQ biotransformation largely contribute to drug elimi-
nation processes, reducing CYP genetic polymorphisms’
negative impact (67).

COVID-19: CQ, HCQ, Concurrent Medications

and ADRs

Many concurrent medications can affect the phar-
macological activity of a drug by either decreasing or
increasing its action. This topic focuses on drug-drug
interactions through which a drug can change another
drug absorption, distribution, biotransformation and/
or excretion, usually modifying its total plasma concen-
tration, i.e. a pharmacokinetic interaction; or modify
another drug mechanism of action, i.e. a pharmacody-
namic interaction (94).

Several patients have received off-label drug thera-
pies for COVID-19 treatment. Among them, we will
discuss the possible interactions between CQ or HCQ
combined with ritonavir-lopinavir or azithromycin (95).

The antiretroviral therapy with ritonavir-lopinavir
combination profoundly inhibits CYP3A and CYP2D6
activities, impairing drug clearance. This could increase
the affected drug total plasma concentration as well as
the area under the curve, leading to a toxic effect (96).
Although there is no scientific information regarding
the interaction between CQ or HCQ combined with
ritonavir-lopinavir, it may result in higher CQ or HCQ
plasma concentrations, increasing cardiac arrhythmias
risk.

The main concern on azithromycin use is its ar-
rhythmogenic potential, a risk already described with
another macrolide: erythromycin. Ventricular arrhyth-
mias are related to the QT-interval prolongation, caus-
ing fast and chaotic heartbeat, which may result in a
cardiac arrest and sudden death (97). The combination
between azithromycin and CQ or HCQ increases the
risk of ventricular arrhythmia, especially torsades de
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pointes, due to an additive effect caused by the QT-in-
terval prolongation. Thus, this co-administration should
be carefully monitored or avoided (98).

Discussion

Summary of evidence

CQ and HCQ appear to block viral entry into cells,
inhibiting host receptor glycosylation, proteolytic
processing and endosomal acidification. HCQ in vitro
appears to have a more potent antiviral activity than
CQ (28). However, this same effect was previously re-
ported for Zika virus infection and it was later shown
to be ineffective for treatment and potentially harmful
to patients (99). Indeed, in vitro studies have already
demonstrated an antiviral effect including against the
coronavirus. However, these results have never been
able to introduce CQ or HCQ as an antiviral agent in
any guideline of any society. The reason for this is the
lack of the same results in experimental or clinical stud-
ies. This corroborates to the fact that, to date, there
is insufficient data to confirm or deny that HCQ or CQ
should be safely used for COVID-19 treatment.

In particular, although extremely rare, these agents
can prolong the QT interval and although well toler-
ated in most patients, should be avoided or used with
caution and with careful monitoring in patients with
a prolonged baseline QT interval or associated with
other agents that affect cardiac conduction. In addi-
tion, medications may be associated with other risks,
such as retinopathy (extremely long term dosing) or
rarely cardiomyopathy. Although serious adverse ef-
fects are highly uncommon and these drugs have been
used for decades with relative safety for other patholo-
gies, off label use for the treatment of COVID-19 has
become common even though prospective double
blind studies are lacking. Studies related to early dosing
for COVID-19 or prophylaxis are ongoing. When these
drugs are considered for COVID-19, many questions
clearly remain unanswered: When to start using them?
What dose should be prescribed? How long should
it be prescribed? Which patients can benefit from its
use? Which patients should not be prescribed? Should

it be used concurrently with any other drugs? In this
review, we repeat all these questions. We suggest the
new studies should focus their objectives on answering
these questions. The search for any medical treatment
must be guided exclusively by research and conducted
according to well-established scientific methods, with
clear protocols and subordinated to ethical values and
peer reviews. Medicines such as HCQ have been used
effectively in patients with malaria and autoimmune
diseases. However, we hope future studies will answer
these important questions as to whether these medica-
tions can be useful in the treatment of COVID-19.

Limitations

There were some limitations to this review. The
majority of articles found were letters to editors, news,
hot point, point of view, which were excluded from this
review. As a result of this pandemic, it is important to
emphasize that new studies have been published every
day regarding this subject, most of them with method-
ological shortcomings. The majority of in vitro studies
found were not related to COVID-19; these papers
were related to other types of coronavirus. The few
number of clinical studies presented shortcomings in
methodology.

CONCLUSIONS

In conclusion, at this review article, based on stud-
ies that have been produced from evidence to date, it
is not possible to precisely state the benefits of CQ and/
or HCQ in patients presenting with COVID-19. Whether
there is a clinical role for these agents, in particular
early in the disease process, will require additional stud-
ies in the future.
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