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were named as coronavirus disease 2019 (COVID-19) by 
World Health Organization (WHO). SARS-CoV-2 is a 
β-coronavirus and its genomic sequence is 96.2% identical 
to that of Bat-SARSs-CoV RaTG13 and 79.5% identical to 
that of SARS-CoV. Based on the sequencing results and evo-
lutionary analysis of the viral genome, bats are suspected to 
be the natural hosts of SARS-CoV-2, while the intermediate 
host is unknown. Previous studies have shown that SARS-
CoV-2, like SARS-CoV, can infect human cells that express 
angiotensin-converting enzyme 2 (ACE2) (Guo et al. 2020).

The most common symptoms of COVID-19 patients 
include fever, cough, fatigue, and myalgia. However, the 
disease can evolve in some cases and patients begin to 
experience dyspnea, shock, multiple organ damage and may 
even die (Huang et al. 2020; Wang et al. 2020a; Zhang et al. 
2020). COVID-19 is reported to be transmitted from person 
to person through respiratory droplets or by direct contact 
with infected patients. Although virus particles have been 
detected in feces, there is no clear evidence that the virus 
can be transmitted through the digestive tract (Adhikari et al. 
2020). Studies estimate that the basic reproduction number 
(R0) of SARS-CoV-2 is about 2.2, but it can vary from 1.4 
to 6.5 (Adhikari et al. 2020; Guo et al. 2020; Imai et al. 
2020; Shen et al. 2020). As of April 30, 3,172,185 cases 
have been confirmed worldwide, and 228,720 (7.21%) have 
died (WHO 2020). According to WHO, more than 200 coun-
tries and regions have been affected by pneumonia induced 
by SARS-Cov-2 (WHO 2020).

A variety of therapeutic strategies have been tried for the 
COVID-19 treatment, including antiviral drugs and antibac-
terial drugs, glucocorticoids, traditional Chinese medicine, 
among others., However, no drugs has been approved for 
the COVID-19 treatment so far. Recently, two antimalarial 
drugs, chloroquine (CQ) and hydroxychloroquine (HCQ), 
have been shown to have potential anti-SARS-CoV-2 activity 

Abstract A novel coronavirus, later named SARS-CoV-2, 
was first reported in China in December 2019 and subse-
quently widely identified in the United States, Japan, South 
Korea, France, India, and other countries. The disease 
caused by SARS-CoV-2 infection was called COVID-19. 
The high fatality and morbidity rates of COVID-19 make 
it the third largest global epidemic in this century. How-
ever, there are currently no approved antiviral drugs for the 
COVID-19 treatment. Recently, two old antimalarial drugs, 
hydroxychloroquine and chloroquine, have been found to 
exert anti-SARS-CoV-2 effects both in vitro and in vivo. Pre-
liminary clinical evidence suggests these drugs may have 
an effect on the treatment of COVID-19. Herein, we review 
the pharmacokinetics characteristics and antiviral effects of 
these drugs, in addition to their side effects and clinical evi-
dence of their use for the COVID-19 treatment.
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Introduction

In December 2019, unexplained pneumonia cases were 
reported in Wuhan, China, which was later confirmed to be 
caused by a novel coronavirus identified as SARS-CoV-2. 
The clinical symptoms caused by this novel coronavirus 
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and have achieved promising results in clinical treatments 
(Gautret et al. 2020a; Mitjà and Clotet 2020; Wang et al. 
2020b). However, these drugs have certain limitations and 
toxicity, especially on the heart and eyes (Motarjemizadeh 
et al. 2015; Chatre et al. 2018). Herein, we discuss the phar-
macological properties of CQ and HCQ, and their efficacy 
and side effects in the treatment of COVID-19.

Pharmacokinetics

Chloroquine sulfates and phosphates have been commer-
cialized as antimalarial drugs, and are referred to below 
as chloroquine (CQ). Hydroxychloroquine (HCQ), a CQ 
derivative, is also used as an antimalarial drug, but is cur-
rently widely used in autoimmune diseases, such as lupus 
and rheumatoid arthritis. Both belong to 4-aminoquinoline 
derivatives group and share many similar pharmacological 
properties (Touret and de Lamballerie 2020). The gastro-
intestinal tract absorbs 75 to 100% of the CQ administered 
orally and the plasma concentration reaches its peak in 2 to 
4.5 h. CQ binds to plasma proteins in the plasma and slowly 
reaches steady state concentrations. Volunteers who took 
150 mg of CQ orally, had plasma concentration of CQ and 
HCQ after 4 h of ingestion on the 5th day of treatment of 
167.14 and 34.48 μg/L, respectively. The plasma CQ elimi-
nation half-life is about 32 days. CQ is excreted mainly by 
the kidneys (about 40–50%) and the rest is excreted by feces 
(Furst 1996).

The bioavailability of HCQ can reach 50% after oral 
administration. The highest blood concentration is reached 
1 to 2 h after taking the medication. About 55% of the drug 
binds to the plasma components in the blood. The concen-
tration in the liver, spleen, kidney and lung is 200 to 700 
times higher than the plasma concentration and in the brain 
and spinal cord tissue it is 10 to 30 higher. The HCQ meta-
bolic conversion in the body occurs in the liver and its main 
metabolite is desethylchloroquine. The half-life of HCQ is 
between 40 and 50 days and the blood clearance rate are low, 
around 96 ml/min (Furst 1996).

CQ and HCQ antiviral effects

CQ and HCQ were first used in the prevention and treatment 
of malaria, but have been reported to display anti-inflam-
matory, immunomodulatory, anti-infective, anti-thrombotic 
and metabolic effects (Plantone and Koudriavtseva 2018). 
In vitro, CQ completely inhibits the Plasmodium vivax 
(P. vivax) development in the 40–1280 nM concentration 
range (Tasanor et al. 2002). In vivo, at an effective dose of 
250 mg/day, the effective plasma concentrations of CQ that 
killed P. vivax and P. falciparum parasites were 15 and 20 

μg/L, respectively. CQ/HCQ plasma concentration use to 
treat rheumatoid arthritis is about 250–650 μg/L (Ducharme 
and Farinotti 1996). So far, CQ and HCQ have been used 
successfully to treat a variety of infectious, rheumatoid and 
other immune diseases (Al-Bari 2015). In addition, these 
drugs have antiviral effects which will be discussed below.

As early as 1969, CQ has been reported to present anti-
viral activity (Inglot 1969). In vitro experiments found that 
CQ and HCQ can inhibit the growth of a variety of viruses 
including SARS-coronavirus, human coronavirus OC43, 
enterovirus EV-A71, Zika Virus and Influenza A H5N1 
(Keyaerts et al. 2004, 2009; Yan et al. 2013; Li et al. 2017; 
Tan et al. 2018).

Previous studies found that CQ and HCQ exerts antiviral 
effects through multiple mechanisms. Both compounds are 
soluble in water and are weakly alkaline. After entering the 
cell, they induce a pH increase in acidic organelles (includ-
ing endosomes, lysosomes, and Golgi vesicles), thereby 
destroying them. Moreover, an increased intracellular pH has 
been shown to block viral infections (Legssyer et al. 2003). 
The low pH can trigger the virus invasion in the cell, either 
by fusion, penetration or uncoating. On the other hand, an 
increased intracellular pH will prevent the viral infection 
process. The uncoating of influenza B virus process is hin-
dered when the lysosomal pH is higher than the critical value 
required to induce fusion between the viral envelope and the 
lysosomal membrane (Shibata et al. 1983; Bishop 1998). In 
addition, an increased pH in the endoplasmic reticulum and 
Golgi can affect the post-translational modification of viral 
envelope glycoproteins, thereby decreasing the viral matura-
tion rate (Randolph et al. 1990).

In addition to the effects on cell pH, CQ can affect viral 
replication by inhibiting viral gene expression. In vitro and 
in vivo experiments have found that CQ can change the gly-
cosylation pattern of HIV-1 envelope glycoprotein GP120 
and inhibit the replication of the HIV replication in  CD4+ 
T cells (Naarding et al. 2007). Furthermore, CQ can also 
prevent the virus cell infection by interfering with the gly-
cosylation of SARS-CoV receptors (Vincent et al. 2005). 
As SARS-CoV-2 and SARS-CoV enter cells via ACE2, a 
previous study has measured the ability of CQ and HCQ to 
inhibit SARS-CoV-2 infection and found that both drugs 
significantly inhibited SARS-CoV-2 infection in vitro (Liu 
et al. 2020; Wang et al. 2020b). Researchers measured the 
effect of CQ on SARS-CoV-2 in Vero E6 cells and obtained 
a half-maximal effective concentration (EC50) of 1.13 μM; 
a half-cytotoxic concentration (CC50) greater than 100 μM 
and a selectivity index (SI) greater than 88.50 (Wang et al. 
2020b). In addition, another study found that the viral inhibi-
tory CQ concentration range is 0.5–10 mol/L and that these 
concentrations have been shown to be achievable in plasma 
during clinical treatment of malaria (1.6 to 12.5 μmol/L). 
(Ducharme and Farinotti 1996).



Hydroxychloroquine and chloroquine: a potential and controversial treatment for COVID-19  

1 3

Moreover, CQ has been reported to inhibits autophagy 
and thus interfere with virus infection and replication. 
In vivo data found that CQ can effectively inhibit autophagy 
in mouse lung induced by avian influenza H5N1 and reduce 
alveolar epithelial damage (Yan et al. 2013).

CQ and HCQ anti‑inflammatory effects

In addition to direct antiviral activity, HCQ and CQ are 
effective anti-inflammatory drugs. They can significantly 
reduce the cytokines production, such as IL-1, IL-2, IL-6 
or IL-18, TNF-α and INF-γ, which have been shown to 
increase significantly in COVID-19 patients and are closely 
related to acute respiratory distress syndrome (ARDS) and 
adverse outcomes(Al-Bari 2015; Liu et al. 2020; Wu et al. 
2020). A clinical investigation found that high concentra-
tions of cytokines were detected in the plasma of critically 
ill COVID-19 patients, revealing that a cytokine storm is 
related to the disease severity (Huang et al. 2020). These 
data suggest that anti-inflammatory effects may be one of the 
pathways used by HCQ and CQ to decrease SARS-CoV-2 
infection.

CQ and HCQ clinical evidence in the COVID‑19 
treatment

CQ and HCQ are recommended for the treatment of COVID-
19 in many regions and countries (Mediterranee-infection 
Hospital 2020). In the sixth edition of China’s Novel Coro-
navirus Pneumonia Diagnosis and Treatment Plan issued 
by the Chinese National Health Commission, CQ was rec-
ommended as one of the COVID-19 treatments options. It 
recommends a 500 mg oral dose of chloroquine phosphate 
in adults (contains 300 mg of chloroquine), twice daily, for 
no more than 10 days. In the updated seventh edition, the 
chloroquine dosage, the target population and the course of 
treatment were clearly defined. The dose is adjusted accord-
ing to the patient’s body weight. When the body weight 
is > 50 kg, a 500 mg oral dose of chloroquine phosphate is 
recommended twice daily. When the body weight is < 50 kg, 
the recommended dose is 500 mg, twice daily for the first 
2 days. For the next 5 days, the medication frequency is 
adjusted to once a day. The recommended course of treat-
ment is 1 week.

In a French clinical study that included 19 COVID-19 
patients, a 600 mg daily dose of HCQ was significantly 
associated with a decrease or disappearance of viral load 
in patients (Gautret et al. 2020a). On March 20, that same 
team published a study containing a larger sample of 80 
COVID-19 patients. The results showed that, with the 
exception of the death of one 86-year-old patient and one 

74-year-old patient who were out of the intensive care unit, 
all patients who received their treatment regimen showed 
clinical improvement and rapid decline in nasopharyngeal 
viral load. On day 7, 83% of the patients tested negative for 
SARS-CoV-2 genome and on day 8, that rate rose to 93% 
(Gautret 2020b). This same study also found that the com-
bination of HCQ and azithromycin was able to improve the 
therapeutic effect (Gautret 2020b). Based on the results of 
this study, the U.S. FDA issued an emergency use authori-
zation (EUA) to approve the use of CQ and HCQ for the 
treatment of COVID-19 hospitalized patients with on March 
28 (FDA 2020).

A meta-analysis, containing 6 completed clinical tri-
als and 23 ongoing in China, strongly suggested that CQ 
could be a potential treatment for COVID-19 (Cortegiani 
et al. 2020). A study by the Shanghai Public Health Center 
showed that the COVID-19 patients who received hydroxy-
chloroquine sulfate had better prognosis (Chen et al. 2020a). 
Another randomized controlled trial on HCQ was con-
ducted in Wuhan, China. This study randomly divided 62 
COVID-19 patients into test and the placebo groups, which 
were supplemented with HCQ (400 mg/day) or placebo for 
5 days, respectively. Then, it was found that the proportion 
of patients with symptomatic improvement in the HCQ treat-
ment group (80.6%, 25 of 31 cases) was significantly higher 
than that of the control group (54.8%, 17 of 31 cases) (Chen 
et al. 2020b). Taken together, these clinical studies indicate 
that CQ and HCQ may be one of the potential treatment 
options for COVID-19.

Arguments for using CQ and HCQ 
in the COVID‑19 treatment

Despite the above in vitro and in vivo evidence reported 
above, HCQ and CQ clinical application in the COVID-19 
treatment is still very controversial. For example, the leaders 
of many health and research agencies were opposed to the 
FDA decision on March 28. They argued that this decision 
destroyed the scientific authority of FDA and that it has a 
clear meaning of just enthusiastically support politicians 
(Piller 2020).

The European Medicines Agency (EMA) allows the use 
of these drugs for clinical trials only and recommends that 
their urgent use be in accordance with the policies of each 
country (EMA 2020). The EMA noted in its statement that 
CQ and HCQ are being studied worldwide because of their 
potential to treat COVID-19. However, the efficacy of CQ/
HCQ treatment in COVID-19 has not been shown in well-
designed clinical studies. Both CQ and HCQ may have seri-
ous side effects, especially at high doses or when combined 
with other drugs. They can only be used in clinical trials 
or nationally approved programmes (EMA 2020). In fact, a 
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small sample study from France also showed that the com-
bination of HCQ and azithromycin combination does not 
provide sufficient evidence to quickly eliminate the virus or 
provide clinical benefits in critically ill COVID-19 patients 
(Molina et al. 2020).

In addition, on April 3, the International Society of Anti-
microbial Chemotherapy (ISAC) issued a statement stating 
that the article published by its sponsored journal demon-
strating that “hydroxychloroquine is an effective medicine 
for COVID-19” did not meet the expected standard of ISAC 
(Voss 2020). In particular, the lack of detailed explanations 
of the criteria for patients inclusion and classification makes 
the study conclusion weak (Voss 2020).

Although some studies have shown that CQ/HCQ has a 
therapeutic effect on COVID-19, other studies believe that 
it is difficult to compare the drug efficacy in studies using a 
primary end point of viral negative with studies using severe 
rate (Chen et al. 2020a). They argue believed that it is nec-
essary to conduct follow-up surveys to determine the most 
appropriate population and end point events and to fully con-
sider the feasibility of the clinical trials, such as the study 
sample size (Chen et al. 2020a).

However, an international vote of 6227 doctors from 30 
countries and regions released by the global medical voting 
company Sermo found that of the 15 treatment alternatives, 
37% of doctors rated HCQ as “the most effective treatment 
for COVID-19” (Sermo.com 2020). Therefore, evidence 
from large multi-center randomized controlled clinical tri-
als is required to confirm these results and to determine the 
duration and dose to achieve individualized medication. 
Clinical trials should find a more appropriate populational 
size or endpoint indicator that is most appropriate to evaluate 
the CQ/HCQ (and all other drugs) effect on clinical feasi-
bility and the assessment of reduced the mortality rates in 
severe or critical illness patients (Chen et al. 2020a). It is 
important to note that some COVID-19 patients have several 
comorbidities, and some are pregnant women and children. 
Thus, a special attention should be given to these patients 
when considering CQ and HCQ treatment.

Toxicology

Both HCQ and CQ have good safety records and display 
mild side effects. Gastrointestinal reactions, such as vomit-
ing and diarrhea are the most common side effects of these 
drugs. Other side effects include dizziness, headache, daz-
zling, tinnitus, disturbances of taste and smell, seizures, psy-
chosis, and irritability. These side effects are usually mild 
and can disappear after stopping treatment (Al-Bari 2015; 
Srinivasa et al. 2017).

On the other hand, patients who took these drugs for 
long periods experienced toxic effects, such as retinopathy, 

circular defects (or bull’s eye maculopathy), and retinal 
diameter defects, which are generally irreversible, mainly 
due to drug accumulation in the eye (Schrezenmeier and 
Dörner 2020). Among toxic effects, retinopathy is the more 
serious clinical problem that can cause irreversible damage 
to vision, and even blindness. The American Academy of 
Ophthalmology determined the risk factors for retinopathy 
due to HCQ use, which include a time of use greater than 
5 years, a high daily drug dosage (HCQ > 5.0 mg/kg lean 
body mass; CQ > 2.3 mg/kg lean body mass), renal or liver 
disease patient, high body fat levels, use of concomitant 
drugs similar to tamoxifen, macular disease and age over 
60 years (Marmor et al. 2016). Remarkably, the daily dose 
and duration of use are the main risk factors. When the HCQ 
daily dose exceeds 20 mg/kg, the incidence of retinopathy 
is a 25 to 40% within 1 to 2 years (Marmor et al. 2016). 
Although the use duration of HCQ and CQ in COVID-19 
patients is generally very short, it is still necessary to be 
aware of their retinal toxicity. Retinal degeneration caused 
by HCQ and CQ can continue to develop even after treat-
ment is stopped.

The CQ and HCQ side effects in the heart are mainly 
conduction disorders and cardiomyopathy, which are usually 
irreversible and fatal (Frisk-Holmberg et al. 1983; Tönnes-
mann et al. 2013). The cardiotoxicity of these drugs may be 
related to the their long-term use, which causes acquired 
lysosomal accumulation disorder. This eventually leads 
to drug-induced cardiomyopathy, or in the case of exces-
sive doses ingestion, acute poisoning (Yogasundaram et al. 
2014). There is a case report of an elderly woman with lupus 
patient who used HCQ for a long time was diagnosed with 
refractory ventricular arrhythmia due to a prolonged QT 
interval. After excluding other causes, she was diagnosed 
with cardiac conduction abnormalities caused by chronic 
HCQ poisoning (Chen et al. 2006).

Because CQ and HCQ affect the cardiac conduction sys-
tem, their use should be avoided in combination with other 
drugs that block cardiac conduction to prevent fatal arrhyth-
mia. Among them, digitalis drugs (digoxin, desacetylgoxin, 
digitoxin, and trichoside K), antiarrhythmic drugs class Ia 
(quinidine and procainamide), antiarrhythmic drugs class III 
(amiodarone, sotalol, ibutilide, and dronedarone), benpredil, 
hydrochlorothiazide, and indapamide. In addition, the CQ/
HCQ combination with antibiotics, such as quinolones and 
macrolides, should be prohibited to avoid the risk of promot-
ing the QT interval prolongation and leading to tip torsion. 
In addition, it is worth mentioning that the interval between 
the therapeutic and toxic doses of CQ and HCQ is narrow, 
and acute CQ poisoning is associated with a potential life-
threatening cardiovascular disease (Touret and de Lambal-
lerie 2020).

Regarding the nervous system, currently there is no 
experimental evidence that CQ, HCQ and their metabolites 
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can affect its conduction properties. It is only known that 
quinine is neurotoxic to dopaminergic neurons in the lim-
bic system (Zou et al. 2018). Further studies are needed 
to investigate the CQ and HCQ effects on the central and 
peripheral nervous systems. Therefore, the CQ and HCQ 
use should follow strict rules and self-medication is not 
recommended. Moreover, for patients using these drugs, 
ECG and echocardiographic monitoring should be per-
formed regularly to early detect potential cardiac toxicity 
early (Yogasundaram et al. 2014).

Over the years, researchers have measured the corre-
lation between CQ/HCQ and toxicity. Their toxicologi-
cal properties are concentration-dependent. The concen-
tration that causes mild side effects, such as dizziness, 
diplopia, and fatigue, is about 0.5 to 1.2 × 10–6 mol/L. 
According to previous reports, about 80% of patients with 
side effects have CQ/HCQ plasma concentration higher 
than 2.5 × 10–6 mol/L. On the other hand, no toxic reac-
tion has been reported when their plasma concentration 
is below 1.25 × 10–6 mol/L. Finally, the critical plasma 

Fig. 1  Anti-SARS-CoV-2 effects of HCQ and CQ exert both in vitro and in vivo. Descriptive graphic shown the process of SARS-CoV-2 infec-
tion and replication, and the anti-SARS-CoV-2 effects of HCQ and CQ in it. (1) CQ and HCQ can glycosylate SARS-CoV-2 itself and its recep-
tor. (2) CQ and HCQ can inhibit cell autophagy, which was involve in virus infection process. (3) CQ and HCQ can directly inhibit the replica-
tion of RNA viruses. (4) CQ and HCQ can directly inhibit the expression of SARS-CoV viral gene. (5) After CQ and HCQ directly enter the cell 
body, the intracellular pH rises and inhibits a series of viral replication and recombination processes
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concentration of cardiovascular toxicity caused by CQ is 
about 1000 μg/L (3 × 10−6 mol/L) (Ducharme and Farinotti 
1996).

Conclusion and suggestions

In summary, HCQ and CQ were found to have exert anti-
SARS-CoV-2 effects both in vitro and in vivo, and represent 
potential treatment options for COVID-19 (Fig. 1). However, 
the clinical evidence of their effects is from some single-
center clinical trials. Evidence from multi-center clinical tri-
als is still lacking. In accordance with the pharmacological 
and toxicological effects of CQ and HCQ discussed here, the 
authors of this review recommend the following: (1) Mul-
ticenter randomized controlled clinical trials are needed to 
clarify the CQ and HCQ efficiency and safety in the COVID-
19 treatment; (2) Considering their ocular, cardiac and neuro 
toxicities, CQ and HCQ should not be recommended as pre-
ventive drugs for the COVID-19 pandemic; (3) Follow-up of 
patients who received CQ or HCQ treatment is necessary to 
access their long-term effects and side effects; (4) The CQ 
and HCQ dosage and their combination regimen with other 
drugs in clinical trials should be appropriately adjusted.
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