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ABSTRACT

Coronavirus disease 2019 (COVID-19) is an emerging disease caused bysevere 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) that has been causing 
many people around the world affected. There is no approved treatment 
for COVID-19. Meanwhile, vaccine development still needs a long time 
before it becomes available to protect people from contracting COVID-19. 
Repurposing the available drugs is one of the fastest ways to get COVID-19 
treatment. Studies have been conducted to discover for COVID-19 treatment 
that results in the finding of potential medication for COVID-19. Chloroquine 
and hydroxychloroquine are some of the available medication that shows 
potential for COVID-19 treatment. Preclinical study showed that the both drugs 
are active against SARS-CoV-2 in vitro. A pilot clinical study also showed their 
efficacy in COVID-19 treatment. Many clinical trials are now being conducted to 
prove their safety and efficacy for the prevention and treatment of COVID-19. 
However, until now there are not enough data to support the use of these drugs 
in COVID-19 management. Under the pressure to treat COVID-19 patients with 
chloroquine or hydroxychloroquine, clinicians shouldnot use these drugs for 
COVID-19 without considering the available information regarding theiruse 
for COVID-19. This review summarized the evidence regarding the potential of 
chloroquine and hydroxychloroquine in COVID-19 management.

ABSTRAK

Coronavirus disease 2019 (COVID-19) adalah penyakit akibat infeksi severe acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2) yang telah menyebabkan 
banyak orang di seluruh dunia terkena dampaknya. Sampai saat ini belum ada 
obat yang terbukti secara ilmiah untuk COVID-19. Sementara itu pengembangan 
vaksin masih membutuhkan waktu yang lama untuk melindungi orang dari 
tertular COVID-19. Penggunaan obat yang telah beredar menjadi salah satu 
cara tercepat dalam mendapatkan obat untuk COVID-19. Penelitian sebelum 
ini berhasil menemukan beberapa obat yang potensial untuk COVID-19. 
Klorokuin dan hidroksi klorokuin merupakan salah satu diantara obat yang 
potensial. Penelitian preklinik menunjukkan kedua obat ini aktif secara in 
vitro terhadap SARS-CoV-2. Penelitian klinik skala pilot juga menunjukkan 
kemanjurannya dalam pengobatan COVID-19. Saat ini sedang dilakukan uji 
klinik untuk membuktikan keamanan dan kemanjuran kedua obat ini untuk 
pencegahan dan pengobatan COVID-19. Namun demikian, belum ada data 
yang cukup untuk mendukung penggunaan kedua obat untuk pengobatan 
COVID-19. Di bawah tekanan untuk mengobati pasien COVID-19 dengan 
klorokuin atau hidroksiklorokuin, dokter tidak boleh menggunakan kedua 
obat iniuntuk COVID-19 tanpa mempertimbangkan informasi yang tersedia 
tentang penggunaannya untuk COVID-19. Ulasan ini akan merangkum bukti 
mengenai klorokuin dan hidroksi klorokuin dalam pengobatan COVID-19.
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INTRODUCTION

Chloroquine       and       hydroxychloroquine 
have been used for malaria prevention 
and treatment for a long time ago. 
Chloroquine is synthesized based on 
the structure of the active compound 
found in the bark of the Cinchona tree 
or fever tree.1 Hydroxychloroquine 
was synthesized almost 20 years after 
chloroquine was synthesized. It is 
known as a safer drug compared to 
chloroquine even though they have an 
almost similar structure except for the 
hydroxyl (OH) moiety in one terminal 
of hydroxychloroquine structure.2 Both 
drugs belong to 4-aminoquinoline groups 
which are among the first drugs used to 
treat malaria. However, the intensive 
use of these drugs caused Plasmodium 
resistance towards these drugs that lead 
to a significant drop of the use of these 
drugs as anti-malaria.3 Besides its well-
known antimalarial action, chloroquine 
and hydroxychloroquine are also being 
used for rheumatoid arthritis (RA), 
systematic lupus erythematosus (SLE) 
and other inflammatory diseases.4

During coronavirus disease-19 
(COVID-19) pandemic in whichthe 
decisive treatment guidelines are not yet 
available, repurposing some currently 
available medications becomes one of 
the fastest ways to provide treatment for 
the patient. Chloroquine and its derivate 
hydroxychloroquine are proven to have 
activity against severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2)
in vitro.5 The result of the in vitro study 
becomes the foundation of the use of 
chloroquine and hydroxychloroquine 
for COVID-19. Readily available, long-
term experience of usage and low 
cost support the use of chloroquine 
and hydroxychloroquine in COVID-19. 
However, consideration to use 
chloroquine and hydroxychloroquine 
for COVID-19 should take into account 
the safety of the medication and the 
fact that there is no valid data about its 

efficacy in COVID-19.
This review was made to summarize 

the current state of understanding of 
chloroquine and hydroxychloroquine 
use for COVID-19. Articles were searched 
using several keywords namely 
chloroquine, hydroxychloroquine, SARS-
CoV-2, and COVID-19. The related articles 
were reviewed and summarized in this 
manuscript. Until this review was made 
on 27 May 2020, there were only a few 
published research data related to the use 
of chloroquine and hydroxychloroquine 
as COVID-19.

DISCUSSION

Chloroquine and hydroxychloroquine 
as antimalarial

In the blood, Plasmodium enters 
erythrocytes andgrows by consuming 
hemoglobin and processing them in the 
food vacuole. In the food vacuole of the 
Plasmodium, hemoglobin is degraded 
into peptide and heme. Free heme 
accumulation as a result of hemoglobin 
digestion in the food vacuole can 
cause membrane lysis that can lead 
to the generation of reactive oxygen 
species (ROS) and other destructive 
consequences. Therefore, the heme 
is detoxified in the Plasmodium food 
vacuole by changing it into hemozoin, a 
large insoluble crystal containing heme.6

Chloroquine and hydroxy-
chloroquine is a weak base. Chloroquine 
can be found in un-protonated, mono-
protonated, and di-protonated forms 
in the physiological condition. The un-
protonated forms of chloroquine can 
easily enter the cell membrane and food 
vacuole membrane in which chloroquine 
will be accumulated.7 The accumulation 
of chloroquine into the food vacuole 
is selective which suggested being 
the result of chloroquine protonation 
due to the low pH of the food vacuole, 
active uptake by parasite transporter, 
and chloroquine binding to a specific 
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receptor in the food vacuole.8 In the 
food vacuole, chloroquine interferes 
with the heme detoxification process 
which results in heme accumulation 
and subsequently toxic consequences 
willhappen.9 Their ability to accumulate 
in the lysosome seems to be crucial for 
most of their activity including their 
immunomodulatory and antiviral 
activity.

Chloroquine and hydroxychloroquine 
as immunomodulator

Chloroquine and hydroxy-
chloroquine are also used to treat 
autoimmune diseases such as RA and 
SLE. Several in vitro studies reveal its 
immunomodulatory activity. It has 
been known that chloroquine and 
hydroxychloroquine are accumulated 
in lysosome inside the lymphocytes 
and interfere with lysosomal and 
autophagosome activity in the 
lymphocyte. As a result, the lymphocyte 
function is inhibited which results in 
chloroquine and hydroxychloroquine 

immunomodulatory effect.10 Lysosomes 
and autophagosome is known to have 
a role in processing and presenting 
antigen which then promoting 
immune activation.11-12 As a weak base, 
chloroquine and hydroxychloroquine 
increase the pH in the lysosomes 
and autophagosomes which causes 
inhibition of their maturation. Inhibition 
of lysosomes and autophagosomes 
function results in inhibition of immune 
activation.2,13 Besides, chloroquine and 
hydroxychloroquine also suggested to be 
able to prevent Toll-like receptor (TLR) 
activation through their ability to increase 
endosomal pH.14 In vitro study also shows 
chloroquine and hydroxychloroquine 
ability to inhibit cytokines production 
by mononuclear cells.15 The ability of 
chloroquine and hydroxychloroquine 
to modulate the immune system might 
be important in COVID-19 in which 
over-activity of immune response 
is suggested to worsen the disease. 
FIGURE 1 shows the chloroquine and 
hydroxychloroquine mechanism of 
action as an immunomodulator.

FIGURE 1. Chloroquine and hydroxychloroquine mechanism of action as 
immunomodulator.
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Chloroquine and hydroxychloroquine 
as antiviral

The study regarding the antiviral 
activity of chloroquine was first 
reported decades ago. Since then, many 
studies have been performed to explore 
its potential as antiviral.16 Study in 
Vero cells infected with Chikungunya 
virus (CHIKV) showed that chloroquine 
could reduce virus yield and viral RNA 
copy number.17 However, a clinical 
trial in 2006 failed to prove the efficacy 
of chloroquine in chikungunya virus 
infection. Compare to the placebo-
treated group, the chloroquine treated 
group showed the same mean duration 
of febrile arthralgia and rate of viremia 
decrease in CHIKV infected patients.18 

Chloroquine also has in vitro activity 
against Ebola virus.19 In contrast, a study 
in guinea pig suggested that chloroquine 
did not protect the animal against the 
Ebola disease.19 Based on chloroquine 
activity to inhibit H1N1 and H3N2 
Influenza A virus (IAV) strain replication 
in vitro, clinical trial have been done 
in Singapore to evaluate chloroquine 
efficacy to prevent IAV infection.20-21 
Several in vitro studies also suggested 
chloroquine and hydroxychloroquine 
antiviral effect against other viruses 
such as human immunodeficiency 
virus (HIV), hepatitis C virus (HCV),and 
dengue virus (DENV).22-24 Chloroquine 
and hydroxychloroquine also have been 
studied in coronavirus, in which SARS-
CoV-2 belongs to. In vitro studies also 
have been done to evaluate chloroquine 

activity against coronaviruses, SARS-
Cov and MERS-CoV.25-26 The broad 
spectrum of chloroquine and its analog 
hydroxychloroquine as antiviral make 
them attractive to repurpose it for 
treatment of viral infection including 
the current coronavirus infection, SARS-
CoV-2, the culprit that cause COVID-19.

There are several explanations of 
chloroquine and hydroxychloroquine 
mechanism of action as an agent 
for the prevention and treatment 
of viral infection. Chloroquine and 
hydroxychloroquine can interrupt 
the virus replication by intervening 
endosome-mediated viral entry. 
Some viruses infect the target cells by 
endocytosis. In the lysosome of the cells, 
the virus is exposed to low pH and action 
of several enzymes that will degrade the 
virus and liberate the infectious nucleic 
acid and sometimes enzymes necessary 
for viral replication.27 Chloroquine is also 
known to inhibit budding of enveloped 
virus particles since chloroquine could 
increase pH which will interrupt 
pH-dependent post-translational 
modification of the new virus in the 
endoplasmic and trans-Golgi network.28 
In vitro chloroquine administration 
before SARS-CoV infection in Vero 
cells causes angiotensin-converting 
enzyme 2 (ACE2) terminal glycosylation 
impairment that results in reduced 
binding affinities between ACE2 and 
SARS-CoV spike protein and inhibits 
the initiation of SARS-CoV infection.29 
FIGURE 2 shows the antiviral mechanism 
of chloroquine and hydroxychloroquine. 
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FIGURE 2. Chloroquineand hydroxychloroquinemechanism of action as 
antiviral.

Chloroquine and hydroxychloroquine 
for COVID-19 

Chloroquine and hydroxy-
chloroquine show in vitro activity against 
SARS-CoV-2. Chloroquine administration 
before SARS-CoV-2 inoculation to Vero6 
cells shows a greater inhibition of viral 
replication than simultaneous or later 
administration of chloroquine.30 This 
might important to its potential for SARs-
CoV-2 infection prevention. Meanwhile, 
another in vitro study shows that 
hydroxychloroquine is more effective 
than chloroquine in terms of inhibiting 
SARS-COV-2. The effective concentration 
of 50% (EC50) of hydroxychloroquine 
is 0.72µM. Meanwhile, the EC50 of 
chloroquine is 5.47µM.31

Some studies report that chloroquine 
phosphate is superior in controlling 
exacerbation of pneumonia, improving 
lung imaging findings, triggering negative 
virus conversion, and shortening illness 
duration in COVID-19 patient but no data 
was included in the report.32 In contrast, 

a new study in Brazilian Amazon 
showed that hospitalized COVID-19 
patients receiving chloroquine are failed 
to show substantial viral clearance by 
day four even when it co-administered 
with azithromycin and or oseltamivir.33 
However, several countries have 
already included chloroquine and 
hydroxychloroquine in their COVID-19 
treatment guideline i.e China, Korea, 
Belgia, Italy, etc.34-37 Clinical trials have 
been recorded at https://clinicaltrials.
gov to evaluate the safety and efficacy 
of chloroquine as an agent for the 
prevention and treatment of COVID-19.38

A study by Gautret et al.39 in France 
have shown hydroxychloroquine 
efficacy as COVID-19 treatment. The 
study involved 36 COVID-19 patients 
with asymptomatic disease (six people), 
upper respiratory tract infection (22 
people), and lower respiratory tract 
infection (eight people). The presence of 
the virus on the patient’s nasal swab at 
day sixpost-inclusion of the study was 
examined. The result showed that the 
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administration of hydroxychloroquine 
decreased viral carriage on the 6th day 
after obtaining the drug.39 However, 
there are some limitations of the clinical 
study including the small number of 
samples andthe comparator group is not 
homogeneous.

Safety of chloroquine and 
hydroxychloroquine

The most common adverse effect of 
chloroquine and hydroxychloroquineis 
a gastrointestinal disturbance that 
includes nausea, and vomiting.40 Several 
studies also have reported the occurrence 
of chloroquine or hydroxychloroquine-
mediated cardiotoxicity that commonly 
occurs as rhythm disorders, i.e. prolonged 
QT interval on the electrocardiogram.41 
In addition, chloroquine and 
hydroxychloroquine are related to 
retinopathy. The retinal damage related 
to chloroquine and hydroxychloroquine 
is caused bythe disturbance of 
photoreceptor outer segments lysosomal 
degradation by the retinal pigment 
epithelium that leads to an increase in 
lipofuscin in retinal pigment epithelial 
cells and photoreceptor degradation.42 
There are several  risk  factors  for the 
development of retinopathy during 
hydroxychloroquine treatment. 
These factors are a drug dose of 
more than 5 mg/kg body weight/day, 
hydroxychloroquine treatment for 
more than 5 years, cumulative dose 
above 600–1,000g, chronic kidney 
disease, and hydroxychloroquine co-
treatment with tamoxifen for more 
than six months. Hydroxychloroquine 
with its N-hydroxyethyl side chain that 
makes it more soluble than chloroquine 
is considered to be less toxic than 
chloroquine.42 Therefore, it might be 
preferable to focus research effort on 
hydroxychloroquine than chloroquine.

Chloroquine and hydroxychloroquine 
dosing consideration in COVID-19 
treatment 

Chloroquine phosphate 250 mg 
is equivalent to 150 mg base and 
hydroxychloroquine 200 mg is equivalent 
to 155 mg base.43-44 Chloroquine dose 
for Malaria acute attack is started with 
one g and followed by 500 mg after 
6-8 hours and 500 mg single dose for 
two days. The total chloroquine dose 
for the whole treatment course is 
2.5 g.43 Hydroxychloroquine dose for 
uncomplicated malaria is 800 mg and 
followed by 400 mg after six hours, 24 
hours, and 48 hours of the initial dose. 
The total hydroxychloroquine dose for 
the whole treatment course is two g.44 
Meanwhile, hydroxychloroquine dose 
for SLE and RA is 200-400 mg/dayand 400-
600 mg/day respectively as a single dose 
or in two divided doses. The chloroquine 
and hydroxychloroquine dose for 
malaria, RA, and SLE are well tolerated. 
However, higher doses and longer 
duration of treatment with chloroquine 
and hydroxychloroquine are often 
related to side effects i.e cardiac rhythm 
disturbance and retinopathy

The dose of chloroquine and 
hydroxychloroquine in COVID-19 
management is not conclusive yet. 
Based on a pharmacokinetic simulation 
study, the recommended dosage of 
hydroxychloroquine sulfate is 400 
mg twice a day on day one, followed 
by 200 mg twice a day on days 2-5. 
Total hydroxychloroquine for the 
whole treatment duration is 2.4 g.31 
The guideline from Belgia for mild to 
moderate COVID-19 also recommends 
the same dose with those calculated 
in the pharmacokinetic simulation 
study.36 Meanwhile, COVID-19 treatment 
guidelines from China recommend a 
higher dose of chloroquine phosphate 
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than the dose for malaria. They 
recommend chloroquine phosphate 
500 mg/dose twice daily until day seven 
for adults with bodyweight over 50 kg 
and 500 mg/dose twice daily for day 
one followed by 500 mg/dose/day until 
day seven for adults with bodyweight 
less than 50 kg. The total dose for the 
whole treatment is ranging from 4-7 
g.34 COVID-19 treatment Guideline from 
Korea recommends hydroxychloroquine 
instead of chloroquine since chloroquine 
is  not  available in Korea. The 
recommends hydroxychloroquine dose 
for COVID-19 is 400 mg/day for 7-10 days. 
The total dose is 2.8-4 g.35 This showed 
that some guidelines recommend 
Chloroquine and hydroxychloroquine 
dose higher than those used for malaria 
treatment. 

Chloroquine and hydroxy-
chloroquine are known to havelarge 
volume distribution and long half-life 
(32-50 days).32 Therefore, the duration 
of treatment should not more than 
fivedays to avoid the accumulation of the 
drugs in the plasma and tissue which is 
related to an increased risk of toxicity.36 
Clinical trial in Brazilian Amazone that 
compared high dose (600 mg twice a 
day for 10 days) versus low dose (450 
mg twice a day on day one and once 
daily for four days) of chloroquine in 
hospitalized COVID-19 patient showed 
that more QTc interval prolongation and 
lethality in high dose chloroquine treated 
group. In this study, total Chloroquine 
administration during treatment 
duration is 12 g that the total dose is 
higher than the total recommended dose 
of chloroquine and hydroxychloroquine 
for malaria. The study finding suggests 
that high dose of chloroquine should 
not be used for severe or critically ill 
COVID-19 patients especially in patients 
who also receive azithromycin and 
oseltamivir.33 Multinational registry 
analysis involved 96032 patients from 6 
different continents showed that the use 
of chloroquine and hydroxychloroquine 

with or without macrolide for COVID-19 
increased the risk of ventricular 
arrhythmia in hospitalized patients. 
However, the dose of chloroquine and 
hydroxychloroquine used was not 
mentioned in this study.45 Since the study 
used data from many countries, the dose 
of chloroquine and hydroxychloroquine 
must be varied. Subgroup analysis or 
dose-response analysis should be done 
to differentiate the effect of chloroquine 
and hydroxychloroquine various 
doses. Nevertheless, this showed that 
chloroquine and hydroxychloroquine 
should not be used as routine drugs for 
COVID-19 without careful consideration 
of their risk and benefit until firm 
evidence of their use in COVID-19 is 
confirmed.

CONCLUSION 

No solid clinical trial data available 
currently to support the use of these 
drugs for COVID-19 patients. Randomized 
controlled clinical trial is urgently needed 
to evaluate the efficacy and safety of 
chloroquine and hydroxychloroquine 
for COVID-19 prevention and treatment. 
It might also important to focus 
research on hydroxychloroquine 
rather than chloroquine by considering 
hydroxychloroquine safer profile than 
chloroquine.
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