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Abstract 

The coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus 2, has been declared by the 

World Health Organization (WHO) as a pandemic. Unfortunately, finding a vaccine or developing drugs from the scratch is a time-

consuming luxury given the widespread and high fatality rates of the virus. In  the short term, repurposing of drugs already in use seem to 

be the most rational step to quickly and effectively curb the virus. Several antiviral agents had been proposed as possible remedies, but the 

4-aminoquinolines, Chloroquine (CHQ) and hydroxychloroquine (HCHQ) appear to be generating more interest. They are generic, cheaply 

available and have proven efficacy against malaria parasites in Africa. The human immunodeficiency virus (HIV), on the other hand, 

targets the immune system thereby reducing the patient’s ability to fight infections. Sadly, 68% of the global HIV burden occur in Africa. 

It is therefore anticipated that incidence of severe forms of COVID-19 could occur in Africa because of associated endemic conditions that 
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compromise the immune system. With CHQ and HCHQ being considered for clinical use against COVID-19, there is a need to highlight 

their potential merits and confounding variables in the subgroup of patients with or without HIV. 
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1. Introduction 

Early December 2019, several people residing in Wuhan, China, presented with symptoms including pneumonia, fever, and difficulties in 

breathing. These symptoms quickly spread in the community and by January 2020, the World Health Organization (WHO) had confirmed 

the β-coronaviruses as the causal organisms. The disease was later designated as coronavirus disease 2019 (COVID-19). By late January 

2020, the WHO had described the disease as a pandemic because it had spread to a score of countries with thousands of confirmed cases, 

and over two hundred fatalities [1]. As of 31 March 2020, a total of 571659 cases of COVID-19 have been confirmed globally including 

26493 mortalities. By 10 April 2020, these figures had escalated tremendously to over 1.56 million, including 95044 deaths. Surprisingly, 

the African region known for several pandemic outbreaks had a relatively lower number of confirmed cases (12280) and deaths (630) in 

comparison to Asia (260549 cases; 9831 deaths), America (537678 cases; 19309 deaths), and Europe (745262 cases; 65207 deaths) [2].  

These data showed that the highly infectious nature of the disease. It also revealed that incidence of the virus in Africa was limited compared 

to Europe and North America. However, there are concerns that Africa lacks the requisite medical infrastructure to tackle the upsurge in 

cases. In addition, data on infected but asymptomatic persons is sparse. Culturally, Africans still adhere to some conservative beliefs, 

thereby raising concern of stigmatization that could deter infected individuals from seeking orthodox treatment. This could lead to under-
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reporting of cases in the continent and preclude effective surveillance and monitoring [3].  Evidence emanating from the demographics of 

patients infected with COVID-19 in Wuhan, China indicated that the elderly and patients with comorbid conditions such as hypertension, 

diabetes, cardiovascular disease, or chronic lung disease were at higher risks of severe outcomes, including death [4-5]. Presently, there is 

no data on the effect of COVID-19 infection on HIV immune-compromised patients, but it is reasonable to speculate that this sub-group 

may require special clinical care. As at the time of this report (10 April 2020) there was just a single study on a patient presenting with a 

co‐infection of COVID-19 and HIV in Wuhan, China [6]. Contrariwise, HIV‐infected patients receiving standard anti‐HIV drugs might 

not have increased risk for COVID‐19, as was the case in Thailand [7]. However, a nation-wide community survey of people living with 

HIV in China buttressed the need for HIV-specific protective measures during this outbreak [8].  The comprehensive case reports from 

other high incidence countries such as the USA, Italy and Spain are still being awaited. In the interim, severe pneumonia-like symptoms, 

caused by the Middle East Respiratory Syndrome Coronavirus (MERS CoV), were observed in a HIV patient [9].  (Shalhoub et al, 2015). 

To underscore the need for further evaluation of the association between HIV and COVID-19, a fatal case was reported in a patient 

presenting with influenza A H5N1 and HIV co-infection [10]. While the search for anti-COVID-19 drugs is ongoing, repurposing of drugs 

previously used to treat other diseases could be the best short-term solution. A set of guidelines released by the WHO, the Center for 

Disease Control and Prevention, and the United States Food and Drug Administration have proposed several potential drugs to treat 

COVID-19 infections. These drugs (with their mechanisms of action) included darunavir, lopinavir, ritonavir, imatinib (inhibit key enzymes 

involved in virus replication); interferon-α (blocks viral replication); ribavirin (blocks viral mRNA synthesis); remdesivir (inhibits RNA-

dependent RNA polymerases); azithromycin and tocilizumab (suppress cytokine production), CHQ and HCHQ (inhibit ACE 2 cellular 
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receptors and viral DNA/RNA polymerases [11-12]. CHQ and HCHQ are cheaply available in Africa. The pharmacokinetic and 

pharmacodynamic profiles of CHQ had been studied extensively, including as an immuno-modulator during HIV infection [13].  This 

review discusses the anti-viral activities of CHQ and HCHQ and the variables of their use in the treatment of patients with COVID-19, 

with or without an underlying HIV infection.  

2. The evolvement of CHQ and HCHQ as anti-viral agents 

Chloroquine (CHQ), chemically designated as an N4-(7-Chloro-4-quinolinyl)-N1, N1-diethyl-1, 4-pentanediamine, had been in use as an 

antimalarial drug for several decades. Hydroxychloroquine (HCHQ), with similar pharmacokinetic profile as CHQ, has a β-hydroxyl group 

attached to the N-di-ethyl substituent of CHQ leading to their slightly different clinical indications. The consideration of CHQ and HCHQ 

as antiviral agents against the coronavirus 2019 is an example of drug repurposing, a strategy that deploys already existing drugs for new 

medical indications.  Up till the year 2000, CHQ remained the first-line therapy for uncomplicated malaria in sub-Saharan countries. Its 

use waned as a result of the development of resistance by Plasmodium falciparum strains. Incidentally, CHQ use in sub-Saharan Africa 

never abated as it had remained accessible to the general population [14-15]. 

Earlier studies indicated the inhibitory effect of CHQ on the growth of mouse hepatitis virus and other animal viruses such as polio type 1, 

influenza, Newcastle disease [16-17]. In a specific study, chick embryo cells were exposed to vesicular stomatitis virus and treated with 

CHQ (12.5 µg/ml), resulting in depleted viral yield [17]. In the past three decades, Africa had been plagued by Lassa fever, Ebola virus, 

Marburg virus, Rift Valley fever, and the Crimean-Congo hemorrhagic virus (CCHFV) [18]. In the course of the CCHFV epidemic in 

Africa, researchers proposed the repurposing of CHQ to treat the virus.  In a study utilizing Vero E6 and Huh 7 cell lines, the 50% inhibitory 
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concentration values for CHQ against two different CCHFV strains ranged from 28 to 43 μM. Several combinations, including CHQ and 

ribavirin, also showed synergistic effect against CCHFV [19]. The use of CHQ as an anti-viral agent gained prominence against the Ebola 

virus, a filovirus that had proved to be re-emerging in sub-Saharan Africa [20]. In an in vitro study in MRC-5 human cell lines, CHQ at 

the concentrations of 4.7 and 0.47 μM, significantly reduced the cycle threshold of viral RNA levels following post-infection with the 

Ebola virus. The anti-viral effects of CHQ were linked to its ability to limit the acidification of the endosomes [21]. In yet another study, 

MT-4 cells infected with X4, R5 or R5/X4 HIV-1 strains from clades A–E and HIV-2 were treated with CHQ concentrations ranging from 

0 –12.5 μM. Results showed that CHQ, at the tested concentrations, blocked the HIV-1 post-integration by affecting newly produced viral 

envelope glycoproteins [22]. Similar successes had been achieved using CHQ against Chikungunya infection in Vero E6 cells. Consistent 

with the results obtained with MT-4 cells infected with the Ebola virus, the preponderant mechanism of the anti-viral action of CHQ in 

Vero E6 cells infected with the Chikungunya virus was the modification of the endosomal pH [23]. An earlier review had hypothesized 

that CHQ could exert direct antiviral effect against coronaviruses by inhibiting their pH-dependent replications [24]. A study demonstrating 

the inhibitory effect of CHQ against the replication of human coronaviruses strain OC43 corroborated this hypothesis [25]. These workers 

reported that CHQ inhibited HCoV-OC43 replication in HRT-18 cells, with a 50% effective concentration of 0.306 μM. In a more recent 

study, CHQ and HCHQ inhibited SARS-CoV-2 infected Vero cells with 50% effective concentrations of 5.47 and 0.72 μM, respectively 

[26]. Despite its potential, the deployment of CHQ as a treatment strategy for viral infections has been dampened by several in vivo studies 

indicating a lack of protection. At a dose of 33.75 mg/kg, CHQ administered per os for 8 days, afforded no protection in guinea pigs 

exposed to the Ebola virus [21]. This is in agreement with another study that showed that the therapeutic intervention with CHQ resulted 
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in toxicity and did not extend the survival of rodents infected with the Ebola virus [27). In clinical trials, the shadow of doubt on the efficacy 

of CHQ as an antiviral molecule had persisted. In a randomized control trial, 54 patients infected with the Chikungunya virus received 600 

mg of CHQ per day for three days and an additional dose of 300 mg for another two days. Results revealed that CHQ treatment did not 

affect viremia or clinical parameters during the acute stage of the disease [23]. Following the outbreak of COVID-19 in December 2019, 

anecdotal reports of the antiviral efficacy of CHQ and HCHQ resurfaced. In the face of the global pandemic, the first documented clinical 

trial of CHQ in COVID-19 infected patients was quickly conducted in China. In a multi-center clinical trial involving over 100 patients, 

CHQ inhibited COVID-19 associated pneumonia and also improved clearance of virus from the lungs [28]. Another early clinical study, a 

single-arm protocol human study, was conducted with HCHQ in France. Findings from this study revealed that HCHQ alone and in 

combination with azithromycin was highly effective in clearing viral nasopharyngeal carriage within six days in COVID-19 subjects [29]. 

Although these two clinical studies used small sample sizes and not-too-robust protocols, they served as baseline for other studies. For 

example, the synergistic effect on viremia observed with the combination therapy of HCHQ with azithromycin could be the basis for an 

ongoing clinical trial in China using CHQ and favipiravir. Currently, there are ongoing clinical intervention studies in several countries 

testing the efficacy of CHQ and HCHQ as drug candidates against COVID-19 infection. A simple search in two registries, the US-based 

clinical trials.gov and the Chinese Clinical Trial Register using keywords such as COVID-19, Coronavirus, (Hydroxy) Chloroquine yielded 

over twenty-three entries from fifteen different countries (Table 1).   

 

TABLE 1: Ongoing clinical trials on Chloroquine and Hydroxychloroquine for COVID-19 infection 
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Study ID Treatment 

Indication 

Study Design and 

number of recruits 

Date of 

Registration 

Country of 

study 

Phase and 

Status  of 

Study 

Study Objective 

NCT04333732 COVID-19: 

Healthcare 

Workers at 

Risk 

M-RCT, n=55000 April 2020 US, Canada, 

Australia, UK, 

South Africa, 

Ireland 

Phase 2;  Not 

yet Recruiting 

To protect  healthcare workers by 

administering H(CHQ) as a strategy to 

prevent collapse of healthcare services 

NCT04333628 COVID 19:  

Mild 

Symptomatic 

and 

Asymptomati

c patients 

M-RCT, n=210 April 2020 Israel Phase 2;  Not 

yet Recruiting 

To test whether a low dose CHQ  will 

reduce the duration of the viral shedding 

and disease worsening 

       

NCT04333914 COVID-19 

infection and 

cancer 

M-RCT, n=273 April  2020 China Phase 2;  Not 

yet Recruiting 

 To compare the combined efficacy of a 

CHQ analog (GNS561) + Nivolumab + 

Tocilizumab in patients with cancer and 

COVID 19 Infection 
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NCT04330144 COVID-19: 

Contact of a 

COVID-19 

confirmed 

patient 

M-RCT, n=2486 April 2020 South Korea Phase 3;  Not 

yet Recruiting 

To evaluate the efficacy and safety of 

HCHQ as post exposure prophylaxis for 

COVID-19 

NCT04331600 COVID-19: 

Ambulatory 

patients and 

those with co-

morbid 

conditions 

M-RCT, n=400 April 2020 Poland Phase 4;  Not 

yet Recruiting 

To evaluate the efficacy of  CHQ in 

combination with telemedicine for 

COVID-19 

NCT04322396 COVID-19 

Infection 

M-RCT, n=226 March 2020 Denmark Phase 4;  Not 

yet Recruiting 

To explore whether the combined HCHQ 

+ Azithromycin treatment could  reduce 

hospitalization stays of COVID infected 

patients . 

NCT04303507 COVID-19 : 

Acute 

Respiratory 

Illness 

M-PT, n=40000 March 2020 Several Phase 0;  Not 

yet Recruiting 

Prevention of COVID-19 in the 

Healthcare Setting 

NCT04328493 COVID-

19 :Infection 

M-RCT, n=250 March 2020 Vietnam Phase 0;  Not 

yet Recruiting 

To evaluate potential therapeutics for the 

treatment of hospitalized COVID-19 

patients 

 

NCT04324463 

 

COVID 19:  

Clinical 

Progression of 

infection 

 

M-RCT, n=1500 

 

March 2020 

 

Canada 

 

Phase 3;  Not 

yet Recruiting 

 

To evaluate the potential of CHQ 

+   Azithromycin as therapies to reduce the 

clinical progression of COVID 19. 

NCT04323527 COVID-19: 

Treatment of 

Hospitalized 

Patients With 

Severe Acute 

S-RCT, n=400 March 2020 Brazil Phase 2;  

Recruiting 

To assess whether the use of CHQ reduces 

mortality by 50% in the study population 

of hospitalized patients 
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Respiratory 

Syndrome 

       

NCT04321278 COVID-19: 

Pneumonia 

M-RCT, n=440 March 2020 Brazil Phase 3; 

Recruiting 

To compare the efficacy of  HCHQ + 

Azithromycin combination therapy with 

that of  HCHQ alone  in adult patients 

hospitalized with pneumonia caused by 

COVID-19 

NCT04325893 COVID-

19 :Infection 

M-RCT, n=1300 March 2020 France Phase 3; Not 

Yet Recruiting 

 To study  the  improvement prognosis 

and reduction in the risk of death in 

COVID-19 patients treated with HCHQ 

NCT04319900 COVID-19: 

Pneumonia 

M-RCT, n=150 March 2020 China Phase 2-3; 

Recruiting 

To evaluate the efficacy and safety of  

combined therapy of CHQ + Favipiravir 

against COVID-19 

ChiCTR200003071

8 

COVID-19: 

Pneumonia 

S-RCT, n=80 March 2020 China Phase 4; 

Recruiting 

Evaluation the efficacy and safety of 

CHQ against COVID-19 

ChiCTR200002993

5 

COVID-19: 

Pneumonia 

S-SA, n=100 Feb 2020 China Phase 0; 

Recruiting 

To investigate the clinical effect of CHQ 

on COVID-19 

ChiCTR200002989

9 

COVID-19: 

mild clinical 

symptoms 

Fever, 

respiratory 

symptoms 

 

M-PGS, n1=50; 

n2=50 

Feb 2020 China Phase 4; 

Recruiting 

To explore the comparative efficacy and 

safety of  CHQ and HCHQ  in patients 

with mild and respiratory symptoms of 

COVID-19 

ChiCTR200002989

8 

COVID-19: 

Pneumonia 

and other 

severe 

symptoms 

M-PGS, n1=50; 

n2=50 

Feb 2020 China Phase 4; 

Recruiting 

To explore the comparative efficacy and 

safety of  CHQ and HCHQ  in patients 

with pneumonia and other severe 

symptoms of CIVID-19 

ChiCTR200002986

8 

COVID-19: 

Pneumonia 

M-RCT,  n=180 Feb 2020 China Phase 4; 

Pending 

Approval 

To investigate the efficacy of HCHQ 

against pneumonia in COVID-19 
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Last search was run on 04 April 2020 using https://clinicaltrials.gov and http://www.chictr.org.cn. The key search words were COVID-19, 

Coronavirus, Chloroquine (CHQ) and Hydroxychloroquine (HCHQ), H (CHQ) = Chloroquine and Hydroxychloroquine; BID = twice 

daily; ? = not indicated. n= number of recruits; S-SA= Single center Single Arm Study; SCPCS= Single Centre Prospective Cohort Study; 

S-RCT=Single Centre Randomized Controlled Trial; M-PCS=Multicenter Prospective Cohort Study; M-RCT= Multicenter Randomized 

Controlled Trial; M-PT= Multicenter Prophylaxis Trial; M-PGS= multicenter parallel group study.; i.v. = intravenous. Route of 

administration is oral except indicated 

These trials, conducted in single or multi-centers, varied in their design, dosing, duration, and route of drug administration. Several studies 

in the registries had been canceled and some duplication was also observed across the two registries. A search on Pan African Clinical 

Trials Registry (npactr.samrc.ac.za) using the same keywords did not reveal any ongoing clinical trial in sub-Saharan Africa. However, on 

18 March 2020, the WHO announced a global SOLIDARITY Trial involving the study of remdesivir, CHQ, lopinavir/ritonavir, and 

lopinavir/ritonavir plus interferon-β. As of 3 April 2020, only South Africa had formally joined the programme. Moreover, the Nigerian 

National Agency for Food and Drug Administration and Control recently announced the commencement of mass manufacture of CHQ for 

emergency distribution and clinical treatment of COVID-19. Hopefully results from these studies would provide ample evidence on the 

efficacy of the 4-aminoquinolines and other drugs as pharmacological agents against the coronavirus 2019.    

 

ChiCTR2000029803 

 

COVID-19: 

Confirmed 

cases 

 

S-PCS, n1=80; 

n2=80 

 

Feb 2020 

 

China 

 

Phase 0; Not yet 

Recruiting 

 

To evaluate the preventive effect of HCHQ  

on close contacts of confirmed COVID-19 

patients 

ChiCTR2000029975 COVID-19: 

Pneumonia 

S-SA, n=10 Feb 2020 China Phase 4; Not yet 

Recruiting 

To explore use of CHQ aerosol inhalation for 

COVID-19 

ChiCTR2000029542 COVID-19: 

Pneumonia 

S-PCS, n=20 Feb 2020 China Phase 4; 

Recruiting 

To evaluate the safety of CHQ  in 

hospitalized patients with COVID-19 

ChiCTR2000029559 COVID-19: 

Pneumonia 

S-SA, n=300 Feb 2020 China Phase 4; 

Recruiting 

To evaluated the HCHQ against COVID-19  
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3. COVID-I9 proteins as therapeutic targets for CHQ and HCHQ 

The synthesis of proteins and their maturation are necessary for the replication of viruses. These steps could be targeted in the development 

of antiviral agents [30]. Viral proteins could be classified as structural, nonstructural, regulatory or accessory. Anti-HIV drugs targeting 

many of the HIV viral proteins and enzymes had been produced.  Drugs blocking the reverse transcriptase (Zidovudine, Stavudine, 

Nevirapine,  Etravirine),  protease (Saquinavir, Ritonavir, Darunavir)  or the integrase (Raltegravir, Dolutegravir) had led to a significant 

increase in life expectancy of people living with HIV in Africa [31-32]. 

As of 6 March 2020, a landmark breakthrough was achieved with a report of the first whole genomic sequencing of COVID-19 in Africa. 

This research was conducted at the African Centre of Excellence for the Genomics of Infectious Disease (ACEGID), Redeemer’s University, 

Ede, Nigeria in collaboration with the Nigerian Institute of Medical Research [33]. Interestingly, the length of this fully sequenced genome 

was 29759 bp, comparable with that of SARS-COV (≈29700 bp) [34]. The experience gained from elucidating the mechanisms of action 

of anti-HIV drugs targeting viral enzymes could prove invaluable in unraveling potential targets to suppress the replication of COVID-19.  

The enzymatic machinery in the COVID-19 genome is powered by the proteases (3-chymotrypsin-like and papain-like proteases), helicase, 

and RNA-dependent RNA polymerase, while the enzymes found in HIV-1 included protease, reverse transcriptase and integrase [35-37]. 

Other structural and accessory proteins of COVID-19 and HIV-1 are summarized in Table 2.   

TABLE 2: Comparison of viral proteins in COVID-19 and HIV-1 

                                      COVID-19                                      HIV-1  

Nature of protein           Name of protein          Key role of protein      Name of protein 

        (encoding gene) 

      Key role of protein 
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Structural  

 

Spike glycoprotein or S protein 

 

Involved in the attachment of the 

virus to the host cell receptors; also  

facilitates viral entry into the host 

cell 

 

Matrix protein (Gag) 

 

Involvement in viral 

assembly and facilitation of 

infection of non-dividing 

cells 

  

Membrane protein 

 

Involved in the viral assembly  

 

Caspid protein (Gag) 

 

Forms the core of virus 

particles. Also important 

for viral infectivity and 

uncoating 

  

Nucleocaspid protein 

 

Plays a role in viral assembly and 

budding 

 

Nucleocapsid (Gag) 

 

Serves to coat the RNA 

genome inside the virion 

and protects against the 

action of nucleases 

  

Envelope protein 

 

Involved in viral assembly and 

budding 

 

Nucleic acid-stabilizing 

protein (Gag) 

 

Incorporates the virus 

protein r during viral 

assembly 

   Surface protein or gp 120 (env) Binds to specific cell 

surface receptors to 

facilitate viral entry 

   Transmembrane protein or gp 

41 (env) 

Mediates fusion between 

viral cellular membranes 

after receptor binding 
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Enzymes  

 

Papain-like proteases 

 

 

Chymotrypsin-like proteases 

 

 

 

 

RNA-dependent RNA polymerase 

 

Cleavage of viral polypeptide chain 

at specific peptide bonds 

 

Cleavage of viral polypeptide chain 

at specific peptide bonds 

 

 

 

Catalyzes the replication            

of RNA from an RNA template 

 

HIV-1 protease (Pol) 

 

 

 

 

 

 

 

Reverse transcriptase (Pol) 

 

Proteolytic cleavage of 

group specific antigen 

proteins; release of 

structural proteins and viral 

enzymes 

 

 

 

Transcription of viral 

genome into double 

stranded DNA. Acts as 

catalysts for RNA-

dependent and DNA-

dependent DNA 

polymerization reactions 

  

Helicase 

 

Unwinding of double stranded  

nucleic acids 

 

Integrase (Pol) 

 

Catalyzes reactions that 

integrate the viral genome 

into a host chromosome 

  

 

  

 

  

 

Accessory 

 

Open reading frame 3b protein 

 

Subverts innate host response by 

inhibiting interferon synthesis and 

signaling 

 

Viral protein r  

 

Facilitates virus infectivity 

  

Open reading frame 6 protein 

 

Subverts innate host response by 

inhibiting interferon synthesis and 

signaling 

 

Virion infectivity factor 

 

Production of infectious 

virus in vivo 

   Viral protein u Modulates intracellular 

trafficking  
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Transactivator of transcription 

 

 

 

Activates viral gene 

transcription 

   Regulator of virion protein 

expression 

 

Controls export of non-

spliced and partially 

spliced viral mRNA 

   Negative regulatory factor 

 

Necessary for HIV 

replication and 

pathogenesis 

 

Gag= Group-specific antigen; env= Envelope protein; pol= polymerase; gp= Envelope glycoprotein 

 

Several excellent reports have emerged on the therapeutic potentials of CHQ and HCHQ against the coronavirus. Various mechanisms had 

been put forward to explain the anti-viral activity of CHQ against COVID 19 [24, 26, 37, 38]. Some of these mechanisms included: 

inhibition of glycosylation at the virus receptor ACE 2, stabilization of lysosomal membranes, inhibition of new virus particle transport, 

immunomodulation of cytokines, and inhibition of viral polymerases. CHQ had been reported to reduce viral infectivity in HIV-1 

experimental models without interfering with the HIV enzymes, reverse transcriptase, and integrase.  This lack of interference had 

prompted the testing of CHQ and HCHQ in combination with antiretrovirals in clinical intervention studies [39]. It is reasonable to 

speculate that the mechanisms of action of CHQ and HCHQ in HIV could give an insight into their therapeutic activities in enveloped 

viruses. Taken together, targeting the enzymatic machinery of the COVID-19 could be exploited in the development of adjunctive therapy 
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against the disease. Presently, different combination strategies are being adopted to elicit better and sustained viral response against 

COVID-19 infection. Clinical trials using the following combinations are currently ongoing: CHQ and Tocilizumab (China); CHQ and 

Favipiravir (China) and H (CHQ) and Azithromycin (Brazil, Canada, Denmark). The growing popularity of Azithromycin as an adjuvant 

to CHQ and HCHQ in the treatment of COVID-19 could be as a result of their lack of inhibition of the cytochrome P450 superfamily 

responsible for the metabolism of the 4-aminoquinolines. Consequently, deleterious drug-drug interactions are not envisaged (Tables 3).  

TABLE 3: Potential drug-drug interactions of Chloroquine and Hydroxychloroquine with other experimental COVID-19 drugs  

Drug  Indication Interactions with Chloroquine and Hydroxychloroquine 

Atazanavir  HIV-1 infection; Protease 

inhibitor 

Atazanavir is an inhibitor of CYP3A4, a member of the Cytochrome P450 superfamily that 

mediates (H) CHQ metabolism. Co-administration increases plasma concentration of (H) 

CHQ.  The weak basicity of H (CHQ) also affects the solubility of Atazanavir. Dose 

adjustment and clinical monitoring may be required. 

Lopinavir/ritonavir HIV-1 infection; Protease 

inhibitor 

Lopinavir and ritonavir are inhibitors of CYP3A, a member of the Cytochrome P450 

superfamily that mediates CHQ metabolism. Co-administration increases plasma 

concentration of CHQ.  Dose adjustment and clinical monitoring may be required. 

Remdesivir Tested against Ebola virus; 

inhibitor of RNA-dependent 

RNA polymerases 

Remdesivir is an inhibitor of CYP3A4, a member of Cytochrome P450 superfamily that 

mediates CHQ metabolism. However, its potential for drug-drug interaction with either 

CHQ or HCHQ is minimal because of favourable pharmacokinetic properties of rapid 

distribution, metabolism and clearance. 
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Favipiravir Developed for influenza virus; 

inhibitor of RNA-dependent 

RNA polymerases 

Favipiravir is a weak inhibitor of CYPs 2D6 and 3A4 member s of the Cytochromes P450 

superfamily that mediates (H) CHQ metabolism. Based on Favipiravir biotransformation 

and excretion profiles, adverse drug-drug interactions with either CHQ or HCHQ are 

reduced. Dose adjustment and clinical monitoring may be required. 

Ribavirin Used against respiratory 

syncitial virus  and some viral 

hemorrhagic fevers; blocks viral 

mRNA synthesis 

There is no report on ribavirin inhibition of Cyt P45 enzymes; hence there is little or no 

drug-drug interaction with either CHQ or HCHQ. Dose adjustment and clinical monitoring 

may be required. 

Tocilizumab A therapy for rheumatoid 

arthritis; Anti-inflammatory 

agent that blocks Interleukin-6 

expression 

Tocilizumab has no direct inhibitory effect on CYP3A4 necessary for H (CHQ) 

metabolism. However, in the presence of inflammatory conditions, Tocilizumab down 

regulates interleukin 6 expression which is accompanied by restoration of CYP 3A4 to 

normal levels. Although no significant adverse effects was observed in combination with 

either CHQ or HCHQ, dose adjustments and close monitoring of patients may be required. 

Azithromycin An antibacterial drug used to 

treat respiratory,  ocular, 

retinal , and sexually 

transmitted infections 

Azithromycin does not inhibit cytochrome P450 enzymes.  There are no current in vivo or 

clinical studies reporting any adverse drug-drug interactions with H(CHQ). However dose 

adjustment may be required in patients being treated with Azithromycin in combination 

with either CHQ or HCHQ. 

interferon-beta A cytokine used to treat 

multiple sclerosis; Shows 

antiviral effect by blocking the 

replication of viruses 

Interferon-beta does not inhibit cytochrome P450 enzymes.  There are no animal or clinical 

studies reporting adverse drug-drug interactions with H (CHQ). However dose adjustment 

may be required in patients being treated with Azithromycin in combination with either 

CHQ or HCHQ. 
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CHQ=Chloroquine; HCHQ= Hydroxychloroquine;  H(CHQ)= Chloroquine and Hydroxychloroquine; CYP= Cytochrome 

4. Repurposing CHQ and HCHQ as antiviral drugs: knotty issues in the African setting 

Despite several studies describing the molecular mechanisms of the anti-viral effects of CHQ and HCHQ, a number of issues remain 

unsolved. One major factor is the paucity of safety data on CHQ and HCHQ, obtained from human studies over a period of time.  The 

majority of the studies addressing the antiviral effects of the 4-aminoquinolines had relied on in vitro studies that were unable to fully 

capture their biological responses in human disease conditions. Hence, the therapeutic utility of CHQ and HCHQ, and their appropriate 

clinical doses, in the treatment of COVID-19 needs to be established from the ongoing clinical trials. This will also put to rest the discordant 

tunes emanating from different regulatory bodies and medical associations. An editorial published in The BMJ on 8 April 2020 cautioned 

against the use of CHQ and HCHQ for the treatment of COVID-19 because the antimalarial drugs were effective in laboratory experiments 

but lacked robust data from clinical settings [40]. A news release also reported the cancellation of trials involving CHQ as an anti-COVID-

19 drug. Patients had complained of severe headaches, loss of vision and cramps [41]. In the not too distant future, the University of 

Oxford-anchored Randomised Evaluation of COVID-19 Therapy (Recovery Trial) using HCHQ, and other ongoing studies across the 

globe, would provide better and properly powered clinical trials that would determine the fate of CHQ and HCHQ as therapeutic 

interventions against COVID-19. In Africa, where CHQ presents a cheap option to treat the coronavirus 2019, its potential to cause adverse 

effects in people living with other underlying medical conditions is a source of worry. For example, people with HIV, who are already on 

lopinavir and ritonavir therapy, might suffer toxicity when exposed to CHQ and HCHQ.  Lopinavir and ritonavir are inhibitors of CYP3A, 

a member of the Cytochrome P450 superfamily that mediates CHQ metabolism. Co-administration of these antiretroviral drugs with CHQ 
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increases the plasma concentration of CHQ due to inhibition of the drug-metabolizing machinery of cytochrome P450. Cardiac arrhythmias 

are major public health issues in sub-Saharan Africa [42], but drugs such as Amiodarone,  Bepridil and  Flecainide, used to manage these 

conditions,  are contra-indicated against CHQ and HCHQ (Table 4) 

 

 

TABLE 4: Drugs predicted to have adverse drug-drug episodes when co-administered with either Chloroquine orHydroxychloroquine  

Drug  Indication 

Dextropropoxyphene An analgesic drug used to  relieve pain associated with cancer chemotherapy 

Metamizole  An analgesic drug  for treating mild to moderate pain of different origins 

Amiodarone An antiarrhythmic drug used to treat  irregular heartbeat 

Bepridil An antiarrhythmic  channel blocker used treat hypertension  and chest pain 

Flecainide An antiarrhythmic  drug used to abate  serious irregular heartbeats 

Rifampicin An antimycobacterial  indicated in the treatment of all forms of tuberculosis 

Rifapentine An analogue of rifampicin also used to treat tuberculosis 

Carbamazepine An anticonvulsant that decreases nerve impulses responsible for  seizures and 

nerve pain 

Phenobarbital A barbiturate anticonvulsant  used as a  hypnotic  

Primidine An anticonvulsant drug used to treat  tremor and other neurological conditions 

St John’s Wort Used as an antidepressant in patients suffering from attention-deficit hyperactivity 

disorder.  It could also be used to treat menopausal symptoms. Also applied topically for 

wound healing 

Ziprasidone Antipsychotic drug for schizophrenia and bipolar disorder 

 

 Analysis of the ongoing trials revealed different regimens for prophylaxis, for mild and asymptomatic patients, and for hospitalized patients 

with severe infection. The doses for each category of treatments should be streamlined to forestall the toxicity that could arise due to 
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overdose. Incidentally, CHQ abuse is common in malaria-endemic countries of Africa [43]. Reports indicate that acute CHQ poisoning, 

both accidental and deliberate, could prove fatal. Since the COVID-19 outbreak in Nigeria, cases of poisoning arising from an overdose of 

CHQ had been reported. CHQ is well known, cheap and easily accessible in sub-Sahara Africa, but there are fears that repurposing CHQ 

for COVID-19 may lead to abuse, and could deprive patients requiring the drug for malaria treatment. The sharp increase in the cost of a 

pack of CHQ (containing 250 mg CHQ and 155 mg CHQ base) from $ 1.7 to $ 9.75  in Nigerian drug retail outlets lend credence to these 

reservations. 

 The host receptor for the coronavirus had been identified as angiotensin‐converting enzyme 2 (ACE2) [44-45]. ACE2 converts angiotensin II to 

angiotensin 1–7. It is speculated that the binding of the virus to the ACE2 receptor increases the circulatory levels of angiotensin II, causing 

systemic inflammation and oxidative stress. Therefore, the effects of CHQ and HCHQ on the antioxidant:oxidant status of COVID-19 

infected patients should be considered. Previous studies had reported CHQ-induced oxidative stress and genotoxicity in the liver of rodents 

[46-47]. It is plausible that the CHQ and HCHQ regimen being proposed as therapeutic interventions could exacerbate oxidative damage 

in susceptible organs such as the lungs, kidney, and liver. 

Despite the spate of research and publications on COVID-19, researchers are uncertain whether the disease will ultimately cease or remain 

a deadly infectious disease. Whichever scenario that eventually pans out, the potential for COVID-19 infection in children could become 

a public health concern in Africa.  During the MERS-COV and SARS-COV epidemics, few pediatric cases were observed. This trend, 

which has continued with COVID-19, gives a false impression that children are not susceptible to the infection. But, a current case series 

conducted in Shenzhen, China, showed that children presented with COVID-19 symptoms ranging from asymptomatic to mild [48]. Other 
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studies suggested that the levels of expression of ACE2 receptors were not age-discriminatory, meaning that children could equally be at 

risk as adults [49-50]. The portent for Africa is that asymptomatic or mildly symptomatic children could escalate community transmission of 

the disease. Glucose-6-phosphate dehydrogenase deficiency (G6PDH) has been implicated as one of the causes of jaundice in children in 

sub-Saharan Africa. Unfortunately, CHQ and HCHQ are pro-oxidant drugs and their use in children with G6PDH could distort the redox 

status in red blood cells leading to hemolysis and other potentially fatal conditions. Invariably, policymakers must weigh the pros and cons 

of using CHQ and HCHQ as a therapeutic drugs for COVID-19 before endorsing their widespread use in Africa. 

5. Beyond CHQ and HCHQ repurposing: The African experience in managing COVID-19 

During the COVID-19 pandemic, the European Centre for Disease Prevention and Control (ECDC) published data from all continents of 

the world. The COVID-19 epidemiological profiles of the ten most populous countries in Africa were obtained from the ECDC on 10 April 

2020. Analysis of the data showed that the two North African countries Egypt and Algeria contributed 27.4 % of the total confirmed cases 

with a combined mortality of 22.1%. Incidence in South Africa was 15.7%, with a mortality rate of 0.93%.  The percentage infections and 

deaths in the East African countries (Ethiopia, Kenya, Tanzania, and Uganda) were 2.6% and 11.5%, respectively. Nigeria had 2.4% of the 

total COVID-19 cases with a death rate of 2.4% (Table 5). 

 

TABLE 5: Epidemiological data on COVID-19 in the ten most populous countries in Africa, 10 April 2020 
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S/N Country Population COVID-19 Cases Percentage of total 

cases in Africa 

(n=12280) 

Number of 

deaths 

Percentage 

mortality 

1 Nigeria 

 

206,139,589 288 2.35 7 2.43 

2 Ethiopia 114,963,588 56 0.45 2 3.57 

3 Egypt 102,334,404 1699 13.84 118 6.94 

4 DR Congo 89,561,403 215 1.75 20 9.30 

5 Tanzania 59,734,218 24 0.20 1 4.17 

6 South Africa 59,308,690 1934 15.7 18 0.93 

7 Kenya 53,771,286 184 1.50 7 3.80 

8 Uganda 45,741,007 53 0.43 0 0 

9 Algeria 43,851,044 1666 13.6 235 15.18 

10 Sudan 43,849,260 14 0.11 2 14.29 
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This trend agreed with a modeling study that grouped Algeria, Egypt and South Africa as high risk countries for the virus [51]. The 

prevalence of diabetes and HIV, in North Africa and South Africa, respectively, could have contributed to this trend [52]. As of 10 April 

2020, South Africa had the highest incidence of COVID-19 infections in Africa, but the survival rates were also the highest. Could this be 

a case of underlying HIV conditions exacerbating the severity of COVID-19 infections in non-antiretroviral therapy compliant patients 

while the chances of survival were boosted in the antiretroviral compliant patients? A further food for thought was the scenario in East 

Africa. Infections were at a premium but mortality rates were high. Could there be any correlation with the high altitude in these countries? 

These posers have thrown up some paradoxical scenarios in Africa that warrant further investigations. 

At the onset of the pandemic, only a few African countries had the capacity for the diagnostic testing of COVID-19 East Africa [53]. 

However, Nigeria’s response had been commendable with a combination of strategies including public enlightenment campaigns, 

enforcement of lockdown, aggressive contact tracing and strict surveillance at points of entry, reprimand for recalcitrant citizens, among 

other measures. Positively, a news update monitored in Lagos, Nigeria, reported the development of a self e-screening toolkit by the African 

Centre of Excellence for the Genomics of Infectious Disease (ACEGID), domiciled in Redeemer’s University, Nigeria in conjunction with 

an indigenous IT firm, Kreateng. The toolkit, written in the three major Nigerian languages, contained a series of questions to assess an 

individual’s risk of COVID-19 using scientific and public health evidence.  High-risk individuals, especially those with international travel 

histories or had been exposed to COVID-19 infected people, were referred to the Nigeria Centre for Disease Control for further tests [54]. 

CONCLUSION 
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The final aim of this literature review was to stimulate further research and trials on repurposing CHQ and HCHQ as anti-COVID drugs 

taking into consideration the peculiarities of Africans, especially those with underlying health conditions. The lack of clinical results on 

the safety and tolerability of CHQ and HCHQ signify that it is yet early times to make definite conclusions about their overall efficacy 

against COVID-19. Hopefully, the scientific community will see this pandemic as an opportunity to develop broad-spectrum vaccines 

against the coronaviruses and other pathogenic viruses.  
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