
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Antimicrobial Agents 55 (2020) 105945 

Contents lists available at ScienceDirect 

International Journal of Antimicrobial Agents 

journal homepage: www.elsevier.com/locate/ijantimicag 

Aminoquinolines against coronavirus disease 2019 (COVID-19): 

chloroquine or hydroxychloroquine 

Zahra Sahraei a , b , Minoosh Shabani c , d , Shervin Shokouhi c , d , Ali Saffaei e , ∗

a Department of Clinical Pharmacy, School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
b Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
c Department of Infectious Diseases and Tropical Medicine, Loghman Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
d Infectious Diseases and Tropical Medicine Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
e Student Research Committee, Department of Clinical Pharmacy, School of Pharmacy, Shahid Beheshti University of Medical Sciences, Tehran, Iran 

a r t i c l e i n f o 

Article history: 

Received 26 February 2020 

Accepted 9 March 2020 

Keywords: 

COVID-19 

Chloroquine 

Hydroxychloroquine 

Coronavirus 

 

r  

s  

w  

h  

[  

f  

c  

i  

u  

a  

p  

o  

v  

h  

d  

a  

c  

a  

c  

P

N

m

a

e  

d  

o  

(  

c  

c  

S  

c  

m  

e  

n  

[  

e  

o  

t  

a  

b  

t  

c  

a  

h

0

Coronavirus disease 2019 (COVID-19), caused by severe acute

espiratory syndrome coronavirus 2 (SARS-CoV-2), continues to

pread rapidly across China. As of 7 March 2020, the infection

as reported from 97 countries globally. To date, 103 882 patients

ave been confirmed to have COVID-19, of whom 3522 have died

1] . Recently, many trials have been designed to determine an ef-

ective therapeutic regimen for COVID-19. Of the target regimens,

hloroquine therapy is being considered [2] . Several clinical trials

n China have shown chloroquine phosphate, an aminoquinoline

sed in malaria treatment, to be effective against COVID-19 at

 dose of 500 mg/day [3] . Chloroquine phosphate also played a

romising role in the management of the Zika virus and SARS-CoV

utbreaks. Chloroquine acts by increasing the pH of intracellular

acuoles and altering protein degradation pathways through acidic

ydrolases in the lysosomes, macromolecule synthesis in the en-

osomes, and post-translational protein modification in the Golgi

pparatus. In macrophages and other antigen-presenting cells,

hloroquine interferes with antigen processing, thereby achieving

n antirheumatic response [4] . Studies have demonstrated that

hloroquine also confers its considerable broad-spectrum antiviral
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ffects via interfering with the fusion process of these viruses by

ecreasing the pH. In addition, chloroquine alters the glycosylation

f the cellular receptors of coronaviruses [5] . Hydroxychloroquine

 Fig. 1 ), a less toxic aminoquinoline, has an N -hydroxyethyl side

hain in place of the N -diethyl group of chloroquine. This modifi-

ation makes hydroxychloroquine more soluble than chloroquine.

imilar to chloroquine, hydroxychloroquine increases the pH and

onfers antiviral effects. In addition, hydroxychloroquine has a

odulating effect on activated immune cells, downregulates the

xpression of Toll-like receptors (TLRs) and TLR-mediated sig-

al transduction, and decreases the production of interleukin-6

6] . Although the antimalarial activity of hydroxychloroquine is

quivalent to that of chloroquine, hydroxychloroquine is preferred

ver chloroquine owing to its lower ocular toxicity [7] . Retinopa-

hy is a dose-limiting adverse effect of hydroxychloroquine, and

 safe daily dose appears to correspond to 6.5 mg/kg of ideal

ody weight and 5.0 mg/kg of actual body weight [8] . Although

here are more clinical data on the anti-coronaviral activity of

hloroquine than that of hydroxychloroquine, both of these agents

re theoretically similar in their antiviral activity [9] . Moreover,

hloroquine is not as widely available as hydroxychloroquine in

ome countries. In addition, chloroquine is associated with greater

dverse effects than hydroxychloroquine. For example, in patients

ith COVID-19, chloroquine can interact with lopinavir/ritonavir,

esulting in prolongation of the QT interval. Hence, it is necessary

o consider hydroxychloroquine instead of chloroquine when the

atter is not available for treating patients with COVID-19. For
rved. 
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Fig. 1. Chemical structure of (a) hydroxychloroquine and (b) chloroquine. 
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example, in Iran, there is a serious shortage of chloroquine and

hydroxychloroquine can be recommended instead. Other thera-

peutic agents for COVID-19, such as antiviral agents (oseltamivir,

lopinavir/ritonavir, ribavirin, etc.), interferons and intravenous

immunoglobulins that do not interfere with hydroxychloroquine,

are currently under investigation. 
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