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COVID-19, a respiratory tract infection caused by SARS-CoV-2, has evolved into a 

global pandemic. Given the expeditious transmission within a short timeframe, rapidly 
escalating patient numbers and deaths calls for the urgency of a potential curative 
therapy. Despite the proposed newly emergent targeted therapies, therapeutic switching 
of existing drugs involves potential benefits of, renown safety and pharmacokinetic 
profiles, comparatively low production cost and large-scale accessibility. Based on 
evidence from an extensive literature survey, the antimalarial drugs Chloroquine (CQ) 
and Hydroxychloroquine (HCQ) showed prospective potential to be therapeutically 
switched for the treatment of COVID-19. In vitro and clinical studies conducted thus 
far, have reported effective anti-SARS-CoV-2 activity of CQ and HCQ, whereas rationale 
for the viral inhibition has been postulated. Considering the limitations of the surveyed 
studies, evidence from more research is required to further reinforce the therapeutic 
potential of CQ and HCQ against COVID-19, whereas comparative studies are required 
to investigate the most potent inhibitor of SARS-CoV-2, out of the two drugs of interest. 
Simultaneously, studies focused on suggested research recommendations should 
be steered in order to ultimately discover and design the most effective therapeutic 
regimen involving CQ/HCQ, that may hopefully present a potential solution to the 
prevailing deleterious global pandemic.

Introduction to COVID-19

Coronavirus disease 2019 (COVID-19) that is currently the 
cynosure of concern in the global arena, is an infectious respiratory 
disease caused by a newly emergent strain of betacoronavirus. 
Notably, two SARS-like coronaviruses that have been responsible 
for two previous global pandemics, belong to two subgenera of 
betacoronaviruses, namely; SARS-COV-1 (causative agent of the 
Severe Acute Respiratory Syndrome (SARS) outbreak in 2002 and 
2003 in Guangdong Province, China) of the subgenous Sarbecovirus 
[1-6], and MERS-CoV (causative agent of the Middle Eastern 
Respiratory Syndrome (MERS) outbreak of 2012 in Middle East) 
of the subgenous Merbecovirus [7]. According to phylogenetic 
findings [1], the novel coronavirus shares identical nucleotide 
sequences with other SARS-like coronaviruses and is of zoonotic 
origin. Consequently, the novel strain was named as SARS-CoV-2 
(2) by the Coronaviridae Study Group (CSG) of the International  

 
Committee on Taxonomy of Viruses. Despite the genetic similarities, 
SARS-CoV-2 is reportedly more virulent than both SARS-CoV-1 and 
MERS-CoV, as individuals can transmit SARS-CoV-2 even when 
asymptomatic or presymptomatic [8,9].

Reportedly, the first case of COVID-19 was of a 55-year-old 
resident of Hubei, China, on 17 November 2019 [4], whereas 
the initial mass breakout occurred in Wuhan, China, during 
December 2019 [3]. In view of epidemiological studies [10,11], 
as of 31 January 2020, SARS-CoV-2 had spread to 19 countries, 
causing11 791 COVID-19 positive cases while reporting 213 deaths. 
Accordingly, the World Health Organization (WHO) declared it 
a Public Health Emergency of International Concern [12] on 30 
January 2020. As of 1 April 2020, statistics rapidly escalated, 
resulting in 823 626 confirmed cases and 40 598 deaths reported 
worldwide due to COVID 19 [13]. Despite the rapid transmission 
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that result in increasing numbers, clinical management of patients 
had become more difficult as approximately 14% of positive cases 
reportedly required hospitalization and oxygen support, whereas 
about 5% were in need of treatment under intensive care units [3]. 
Nevertheless, apart from the majority that presented with mild 
to moderate illness free of comorbidities, severe cases reported 
complications with Acute Respiratory Distress Syndrome (ARDS), 
septic shock, sepsis, renal and cardiac failure [14].

Alarmingly, despite aforementioned complexities and rising 
concerns, absence of an effective therapy for COVID-19 remained 
a global concern. Correspondingly, more than 80 clinical trials 
[15] were initiated by the Chinese government and researchers all 
over the world, in order to evaluate the therapeutic potential of; 
experimental drug and vaccine candidates, United States Food and 
Drug Administration (FDA)-approved antiviral drugs and Chinese 
herbal compounds, aiming at discovering an effective therapy 
for COVID-19. Nevertheless, researchers and pharmaceutical 
companies initiated focusing on specific SARS-CoV-2 targeted 
therapies such as vaccines, monoclonal antibodies, oligonucleotide-
based therapies, peptides, interferon therapies and small-molecule 
drugs. However, though such targeted approaches are seemingly 
explicit and effective, a prolonged time-frame is required for the 
development process. Therefore, given the urgency of managing 
the prevalent and uprising COVID-19 pandemic, repurposing of 
existing Broad-Spectrum Antiviral Agents (BSAA) and antiviral 
drugs presents a potentially practicable solution to this end.

Therapeutic Switching of Drugs as a Prospective 
Curative Approach

Therapeutic switching of drugs, also known as drug repurposing, 
reprofiling, repositioning, or redirecting can be defined as the 
process of investigating existing drugs for a novel therapeutic 
purpose, other than the originally intended disease [16]. It involves 
the advantages of readily accessible synthetic details, known 
safety profiles and known pharmacokinetic properties. Hence, via 
therapeutic switching of an existing drug associates a significantly 
reduced cost of development and timeline to reach the market, 
in contrast to the launch of an experimental drug. Nevertheless, 
repurposed drugs associate the convenience of procurement as 
existing pharmaceutical companies are already equipped to carry 
out the manufacturing and delivery. Additionally, therapeutic 
switching includes substantial potential for translational 
opportunities and higher probability of discovering novel classes 
of drugs [17]. In view of research pertaining drug reposition 
conducted thus far, majority of studies suggest remdesivir [18,19], 
chloroquine (CQ) [18] and hydroxychloroquine (HCQ) [20] as 
potential candidates that show inhibitory effect against SARS-
CoV-2, both in vitro as well as in vivo. However, as remdesivir is yet 
an experimental drug it involves the limitations of; unknown safety 
profile, high production cost and unavailability of timely large-scale 
production to meet the current needs.

Alternately, both CQ and HCQ offer prospective potential. 
Particularly, the FDA designated HCQ for off-label, compassionate 
use for treating COVID-19 on March 28, 2020 [21], whereas the 
WHO added the drug to its large global SOLIDARITY trial [22]. 
Moreover, on April 3, 2020, the Daily Mail UK reported that, in 
an international poll involving 6200 doctors from 30 nations, 
majority had voted in favor of antimalarial drugs CQ and HCQ to 
be effective against COVID-19 [23]. In accordance with this global 
consensus, the mini-review at hand aims to provide an overview 
of the mechanism of antiviral action of the two drugs of interest 
and the possible rationale for their use in the pharmacotherapy 
of COVID-19. Furthermore, concerned by the absence of a review 
that collectively summarizes the in vitro and clinical studies on 
effectiveness CQ and HCQ in COVID-19 therapy, this mini-review 
provides an updated synopsis of literature published till date, since 
the outbreak of COVID-19. Thereby, the work at hand intends to 
enable researchers to discover study areas that require focus and 
encourage further research, literature reviews and novel opinions 
regarding the topic at hand.

Potential of Chloroquine and Hydroxychloroquine 
as a Therapeutic Utility Against COVID-19
Demonstrated Effectiveness, Rationale and Mechanism 
of Action of Chloroquine and Hydroxychloroquine as 
Antimalarial Agents, Disease-Modifying Anti-Rheumatic 
Drugs and antiviral Agents.

CQ is a 9-aminoquinoline that was originally used as 
prophylactic and curative treatment for malaria, whereas HCQ is 
a metabolite of chloroquine with higher solubility and reduced 
toxicity [24]. In addition to antimalarial therapy, CQ and HCQ are 
utilized in clinical settings as disease-modifying anti-rheumatic 
drugs (DMARDs) for the treatment of autoimmune diseases 
such as rheumatic arthritis [25], systemic lupus erythematosus 
[26-29], antiphospholipid syndrome [30] and primary Sjögren 
syndrome [31,32]. Significantly, both the agents have reported 
equal effectiveness as antimalarials as well as DMARDS, despite 
the slight difference in pharmacological properties. Considering 
their mechanisms of action, CQ and HCQ function as weak bases 
and favorably accumulate within intracellular compartments [26], 
thereby triggering numerous downstream cellular activities that 
offer therapeutic utilities for various diseases. In case of malaria, CQ 
is postulated to concentrate within the food vacuole of Plasmodium 
falciparum and interfere with the conversion of heme to hemozoin, 
thus, causing death to the parasite by heme-induced toxicity [33].

With regard to autoimmune diseases, CQ has been studied to 
execute an array of immunomodulatory effects via the inhibition 
of; lymphocytic proliferation, antigen presentation in dendritic 
cells, lysosomal enzyme release and release of reactive oxygen 
species from macrophages [34,35]. More recently, promising 
antiviral activity of CQ and HCQ have been studied. The antiviral 
effect is primarily elucidated as a result of increase of the 
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endosomal and lysosomal pH by CQ, which in turn impairs the viral 
release from the respective compartment, as the release of the virus 
requires a low pH [36]. Subsequently, the release of the viral genetic 
material and subsequent replication gets inhibited. Citing research 
findings by Savarino et al. [37], antiviral activity against HIV-1 
and HIV-2 have been studied, wherein CQ and HCQ have shown 
post-integrational inhibition of newly produced viral envelope 
glycoproteins. Furthermore, Ooi et al. [38] have demonstrated 
potential in vitro inhibitory effect of CQ against influenza AH1N1 
and influenza AH3N2. Reportedly, Mizui et al. [39] have studied the 
in vitro inhibition of viral replication by CQ in hepatitis C-transfected 
Huh-7 cells. 

Nevertheless, Xue et al. [40] have shown that CQ promoted the 
intracellular transport of zinc and the resultant zinc concentration 
potentially inhibit the replication of Hepatitis- E virus, in vitro. 
Interestingly, Kaushik, et al. [41] report that the inhibition of viral 
replication had occurred via inhibition of viral RNA-dependent 
RNA-polymerase, a molecule used by SARS-CoV-2 and other 
coronaviruses for viral replication. Therefore, in collective view of 
evidence from literature that suggests substantial antiviral potential 
of CQ and HCQ, their potential for therapy against coronaviruses 
came into light. In a study to investigate the effect of CQ on cellular 
uptake of nanoparticles [42], a mechanism for the possible anti-
SARS-CoV-2 action of CQ was postulated, as SARS-CoV-2 falls 
within the same size range (60–140 nm) and shape (spherical) 
[42] as commonly studied synthetic nanoparticles [43,44]. The 
postulated mechanism suggests that CQ may inhibit the endosomal 
acidification of host cell, whereas the resultant low endosomal pH 

will not favor the cleavage of spike protein in the surface of SARS-
CoV-2 virion. This interference to the cleavage is deduced to inhibit 
the conformational change in the spike protein upon cleavage, 
which is necessary for the fusion of viral envelope and endosomal 
membrane (45). Eventually, inhibition of the release of viral genetic 
material into the host cell occurs.

In vitro and Clinical Studies on Anti-SARS-CoV-2 Activity 
of Chloroquine and Hydroxychloroquine

Considering the seemingly prospective therapeutic potential of 
CQ and HCQ against SARS-CoV-2, both in vitro and clinical studies 
had been carried out in order to find potential evidence supporting 
the claim. Details regarding such trials conducted till date have 
been summarized in Table 1, whereas of many other Chinese 
clinical trials such as ChiCTR2000029939, ChiCTR2000029935, 
ChiCTR2000029935, ChiCTR2000029898, ChiCTR2000029868, 
ChiCTR2000029803, ChiCTR2000029760, ChiCTR2000029740, 
ChiCTR2000029609, ChiCTR2000029559 and ChiCTR2000029542, 
some are yet recruiting, some are underway of research, whereas 
in the rest the findings are yet to be revealed. In view of the 
tabulated findings, these studies include the limitations of small 
study populations, studies being poorly controlled or uncontrolled. 
Therefore, evidence from studies that have overcome these 
limitations are required in order to arrive at a specific conclusion. 
Notably, some of the tabulated studies report contraindications 
of CQ and HCQ. Generally, considering pharmacovigilance studies, 
CQ and HCQ have upheld a fair safety record [52] as they do 
not associate risks of infectious complications, in contrast to 
immunosuppressants such as methotrexate and leflunomide [53].

Table 1: Summarized details of in vitro and clinical trials on chloroquine and hydroxychloroquine for the treatment of COVID-19.

Drug/ Therapeutic 
agent

Experimental findings

Study group Study type Experience Side effects

Chloroquine Wang, et al. [18] In vitro CQ-treated SARS-COV-2-infected Vero6 cells showed potent 
toxicity with an EC90 value of 6.90 μM

Chinese clinical trials 
(Cited by Gao, et al.) 

[46]
Clinical

Out of the recruited patients, in more than 100, chloroquine 
phosphate has effectively inhibited the exacerbation of 
pneumonia and improved lung imaging findings, while 

promoting a virus negative conversion and shortening the 
disease course.

No severe adverse 
effects were observed

Hydroxychloroquine 
(HCQ) Yao, et al. [47] In vitro HCQ showed potent activity (EC50=0.72 μM) in SARS-CoV-2 

infected Vero cells

Liu, et al. [48] In vitro CCK-8 assays reported potent cytotoxicity in HCQ-treated 
VeroE6 cells

Jun, et al., Shanghai 
Public Health Clinical 

Center [49]

Clinical - 
Phase 3

Better prognosis in HCQ group, compared to the group 
treated with conventional drugs, in a cohort of 30 COVID-19 

treatment-naïve patients

Transient Diarrhoea and 
abnormal liver function

Zhang, et al. [50] Clinical- 
Phase 4

Short-term efficacy of HCQ in relieving symptoms, reversal 
of severity rate and shortening disease duration of 50 

patients

Mild rash and slight 
headache

Gautret, et al. [20] Clinical
In a cohort of 20 patients, HCQ showed viral clearance 

within 6 days-post inclusion, whereas its effect was 
reinforced by azithromycin

Chen, et al. [51] Clinical
Out of 62 patients, 31 were treated with HCQ and 

significantly reported short duration for remission and 
improved pneumonia.

Mild adverse reactions
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However, considering patient diversity, use of CQ and HCQ 
has reported gastrointestinal adverse effects such as diarrhea and 
vomiting in some clinical settings [54]. In case of long term exposure, 
CQ has reported serious side effects such as retinopathy, bull’s eye 
maculopathy and cardiomyopathies [55], whereas HCQ has been 
studied to cause retinopathy only in case of long term (more than 
5 years) use and when exceeded the prescribed dosage. Moreover, 
CQ has reported fetal defects when administered during pregnancy 
and toxicities; when administered to the elderly or when exceeded 
the prescribed dosage. Contrastingly, as HCQ has reportedly lower 
accumulation rate in tissues, it does not associate such severe 
adverse effects and thus is considered safe to be administered 
during pregnancy [56]. Therefore, CQ can be suggested for use in 
general SARS-CoV-2 infected patient populations whereas HCQ can 
be suggested for the use in infected pregnant population, children 
and elderly. Nevertheless, further pharmacovigilance research 
and comparative studies on safety of CQ and HCQ in SARS-CoV-2 
infection are required to evaluate the suggested superior safety 
profiles of HCQ.

Future Research Recommendations 

Interestingly, a study conducted by Gautret et al. [20] had 
demonstrated that effective viral elimination was achieved 
significantly when azithromycin was co-administered with 
HCQ. Subsequently, it was deduced that more effective clinical 
management can be achieved in case of combination therapy. 
Therefore, studies on adjunctive therapy involving the addition of 
antibiotics to the CQ/HCQ monotherapy, should be encouraged. 
Prospectively, treatment regimen can be designed as drug cocktails 
that comprise of antibiotics, antioxidants and immunomodulators, 
in addition to CQ/HCQ, for more effective and rapid clinical 
remission. As another strategy to further effectuate the drug action, 
change of the route of administration can be considered, where the 
drugs can be designed to be administrated nasally instead of orally, 
which will increase the bioavailability of drugs in the respiratory 
system. Therefore, research on formulating CQ and HCQ in the form 
of inhalers can be suggested as it may accelerate and effectuate the 
process of viral elimination from the respiratory system, which may 
prospectively improve patient symptoms and prevent the progress 
into critical stages or fatality.

Nevertheless, considering pharmacokinetics, research on 
drug distribution, availability and duration of action needs to be 
evaluated. Findings by Keyaearts et al. [57] that show the successful 
treatment of a lethal HCoV-OC43 infection in newborn C57BL/6 
mice subsequent to administration of CQ transplacentally or 
through maternal milk, had shown a significant increase of survival 
rates in a dose-dependent manner. Therefore, further research on 
investigating the dose-dependent therapeutic effect and evaluating 
the exact prescriptible therapeutic concentration needs to be 
evaluated. Moreover, CQ has been shown to inhibit SARS-CoV in 
vitro, even when administered after viral uptake [58]. This signifies 

the possible prophylactic effect of CQ against SARS-COV-2 infection, 
apart from its studied therapeutic effect. Hence, further research 
should be steered on the rationale for the suggested prophylactic 
potential of CQ and HCQ and the exact prescriptible prophylactic 
dosage.

Conclusion

Overall, therapeutic-switching of CQ and HCQ has offered 
effective therapeutic utility and has demonstrated substantial 
potential against SARS-CoV-2 infection in both in vitro and clinical 
studies conducted thus far. However, considering the limitations 
of those studies, evidence from further studies of more controlled 
nature and involving large test population is required in order 
to arrive at an exact conclusion. Studies on adjunctive therapy, 
formulation of CQ/HCQ for nasal administration and determination 
of exact prescriptible therapeutic and prophylactic concentration 
of CQ/HCQ have been proposed as future avenues for research. 
In conclusion, further comparative studies on CQ and HCQ 
against SARS-CoV-2 are required to investigate which has higher 
therapeutic activity in COVID-19.
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