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a b s t r a c t 

While the coronavirus disease 2019 (COVID-19) pandemic advances, the scientific community continues 

to struggle in the search for treatments. Several improvements have been made, including discovery of 

the clinical efficacy of chloroquine (CQ) in patients with COVID-19, but effective treatment protocols 

remain elusive. In the search for novel treatment options, many scientists have used the in-silico ap- 

proach to identify compounds that could interfere with the key molecules involved in entrance, repli- 

cation or dissemination of severe acute respiratory syndrome coronavirus-2. However, most of the iden- 

tified molecules are not available as pharmacological agents at present, and assessment of their safety 

and efficacy could take many months. This review took a different approach based on the proposed phar- 

macodynamic model of CQ in COVID-19. The main mechanism of action responsible for the favourable 

outcome of patients with COVID-19 treated with CQ seems to be related to a pH-modulation-mediated 

effect on endolysosomal trafficking, a characteristic of chemical compounds often called ‘lysosomotropic 

agents’ because of the physico-chemical properties that enable them to diffuse passively through the en- 

dosomal membrane and undergo protonation-based trapping in the lumen of the acidic vesicles. This 

review discusses lysosomotropic and lysosome targeting drugs that are already in clinical use and are 

characterized by good safety profiles, low cost and wide availability. Some of these drugs –particularly 

azithromycin and other macrolides, indomethacin and some other non-steroidal anti-inflammatory drugs, 

proton pump inhibitors and fluoxetine – could provide additional therapeutic benefits in addition to the 

potential antiviral effect that is still to be confirmed by well-controlled clinical trials. As some of these 

drugs have probably been used empirically in the treatment of COVID-19, it is hoped that colleagues 

worldwide will publish patient data to enable evaluation of the potential efficacy of these agents in the 

clinical context, and rapid implementation in therapeutic protocols if they are shown to have a beneficial 

effect on clinical outcome. 

© 2020 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

The main objective of all viruses is to hijack the intracellular

achinery of the host cell for genome replication and assembly.

o achieve this, the virus first has to bypass the cellular membrane

arrier. The structure of some viruses enables direct fusion at the

lasma membrane after recognition of the binding site [1] . How-

ver, most enveloped viruses depend on the endocytic pathway

rior to fusion with the host cell [2] . Once endocytosis has been

nitiated, survival and replication of the virus depend on success-

ul delivery of the viral nucleocapsid into the correct intracellu-

ar department, as different viral families target distinct compart-
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ents as primary replication sites [3] . Moreover, in order to sur-

ive, the virus has to escape from the endosomal compartment

ilently, without triggering the cellular defence mechanisms [4] .

s a result, viral evolution involves highly complex escape strate-

ies relying on different cues of endosomal maturation and traf-

cking [5] . Establishment of an acidic endosomal lumen is the key

equirement for normal functioning of the endocytic pathway [6] ,

o pH sensing has evolved as one of the fundamental strategies

sed by viruses to monitor endosomal maturation [7] . Two im-

ortant sensing strategies are used by most viruses for induction

f membrane fusion mechanisms: direct pH sensing mediated by

 conformational change of the envelope glycoproteins, and en-

osomal protease-mediated proteolytic cleavage [7] . From a phar-

acological perspective, this makes endosomal pH an attractive

rug target. Neutralization of endosomal pH obstructs endosomal

rafficking, impedes sorting mechanisms, and inhibits activity of

he endosomal proteases [6] . As a consequence, pharmacological
rved. 

agreb from ClinicalKey.com by Elsevier on March 31, 2021.
pyright ©2021. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.ijantimicag.2020.106044
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2020.106044&domain=pdf
mailto:homolakjan@gmail.com
https://doi.org/10.1016/j.ijantimicag.2020.106044


2 J. Homolak and I. Kodvanj / International Journal of Antimicrobial Agents 56 (2020) 106044 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

t  

t  

e  

t  

d  

s  

t  

p  

a  

h  

a  

r  

d  

w  

d  

s  

s  

r  

m  

fi  

c  

o  

s  

c  

p  

c  

t  

t  

i  

t  

b  

e  

i  

[  

s  

f  

w  

s  

c  

s  

f  

d  

k  

f  

b  

o  

t  

u  

t  

a  

s  

s  

h  

t  

w  

s  

v  

r  

o  

a  

p

3

 

C  
modulation of endolysosomal pH could prevent viral fusion and

impair the formation of viral replication complexes. Moreover, as

pH modulation is important for regulation of exocytosis, vesicu-

lar pH modulation could also affect viral dissemination [8] . Endo-

somal trafficking is necessary for normal cellular functioning, so

long-term disruption of endosomal function could have consider-

able pathophysiological consequences [9] . Moreover, the infectiv-

ity of some viruses that use alternative strategies to enter the cell

could be increased by pH-mediated inhibition of the endosomal

pathway [10] . For this reason, most antiviral drug development

strategies have focused on more specific fusion mechanisms rather

than general inhibition of endocytosis. However, short-term inhi-

bition of endocytosis could be a viable strategy for the manage-

ment of viral infections with no alternative treatment options, such

as coronavirus disease 2019 (COVID-19). Recent evidence suggests

that chloroquine (CQ) and hydroxychloroquine (HCQ) may be ef-

fective therapeutic strategies for COVID-19 [11–14] . Although the

exact mechanism of action responsible for the antiviral activity of

CQ and HCQ remains unclear, the elevation of lysosomal pH seems

to play a key role [14] . This is in concordance with previous find-

ings, as proteolytic processing of glycoprotein S by lysosomal pro-

teases seems to be necessary for the fusion of coronavirus with

the host cell [2] . Moreover, treatment of cells with glycoprotein S

– the main protein responsible for viral fusion of severe acute res-

piratory syndrome coronavirus (SARS-CoV) and severe acute respi-

ratory syndrome coronavirus-2 (SARS-CoV-2) – resulted in translo-

cation of the main viral receptor, angiotensin-converting enzyme

2 (ACE-2), to endosomal vesicles [15] . Furthermore, the same ef-

fect was demonstrated for spike-bearing pseudoviruses, emphasiz-

ing the importance of glycoprotein S for viral fusion [15] . It is

important to mention that although many groups have demon-

strated that SARS-CoV enters the cells by receptor-mediated, pH-

sensitive endocytosis [15] , some groups have reported that viral

fusion might also occur by pH-independent direct fusion with the

plasma membrane [16] . Although the exact mechanism responsi-

ble for the entrance of SARS-CoV-2 into the host cell remains to

be elucidated, the authors believe that data from clinical trials on

CQ and HCQ support the importance of pH-dependent endocytosis,

and that other widely available pharmacological agents with lyso-

somotropic properties may also demonstrate clinical effectiveness

in the treatment of COVID-19. This review discusses commonly

used pharmacological agents in the context of their lysosomotropic

effects and pH-modulation-mediated interaction with cytoplasmic

vesicle trafficking ( Fig. 1 .). Although almost 5 million people had

been diagnosed with COVID-19 at the time of writing (20 th May

2020), organized clinical data that would facilitate the evaluation

of potential antiviral effects of the drugs discussed below on SARS-

CoV-2 are unavailable at present. Colleagues in possession of such

data are urged to evaluate the possible benefits of these drugs, as

they might offer new hope in terms of prevention and/or treat-

ment of this devastating disease. 

2. A brief introduction to the concept of lysosomotropism in 

pharmacology 

The concept of lysosomotropism was first introduced by De

Duve et al. in 1974 [17] . The term was originally proposed for

all substances taken up by lysosomes, regardless of their chemi-

cal structure or mechanism of action. Interestingly, the importance

of the potential antiviral properties of lysosomotropic agents was

emphasized in the original publication [17] . Moreover, some of

the original concepts of lysosomotropism, such as the possibility

to make virtually any substance lysosomotropic by suitable cou-

pling with an appropriate chemical carrier, are now considered

to be common principles in drug design. In general, most sub-

stances with weakly basic and lipophilic properties are believed
Downloaded for Anonymous User (n/a) at University Hospital Centr
For personal use only. No other uses without permission
o demonstrate lysosomotropism to some extent. These proper-

ies enable lysosomotropic drugs to diffuse passively through the

ndosomal membrane and undergo protonation-based trapping in

he lumen of the acidic vesicle. From a chemical standpoint, most

rugs that demonstrate lysosomotropic properties are cationic sub-

tances that usually belong to the group of primary, secondary or

ertiary amines; from a pharmacological point of view, these com-

ounds are often described by very large volumes of distribution

nd long residual effects [18] . Moreover, lysosomotropic agents in-

ibit endosomal maturation and disrupt endolysosomal trafficking,

nd these effects are of particular interest in the context of vi-

al infection, as described above. The exact mechanisms by which

ifferent lysosomotropic agents induce these changes are still not

ell understood; however, modulation of pH and interaction with

ifferent molecular systems involved in pH regulation of endolyso-

omal vesicles seem to be the most important. For deeper under-

tanding of the current concept of lysosomotropism, the reader is

eferred to the informative review by Marceau et al. [18] . Anti-

alarial drugs, such as CQ, which have demonstrated clinical ef-

cacy in the treatment of COVID-19 [11] are often referred to as

lassic lysosomotropic agents because their primary mechanism

f action relies on their lysosomotropic properties. CQ works by

equestration in digestive vacuoles that resemble endolysosomal

ompartments, and increases their pH to stop the nutrient sup-

ly [18] . Another interesting example of lysosomotropic pharma-

euticals are drugs used for the treatment of tuberculosis, where

he drug has to reach both extracellular bacilli in the intersti-

ial compartments and caseum, and intracellular pathogens resid-

ng in phagolysosomes of immune cells [ 18 , 19 ]. Consequently, re-

ention of antituberculosis drugs in infected phagolysosomes has

een considered an important factor in maximization of their

fficiency [19] , and this property has been investigated actively

n the course of development of novel antituberculosis agents

 20 , 21 ]. The importance of phagolysosomal sequestration of lyso-

omotropic agents in the context of Mycobacterium tuberculosis in-

ection is also reflected by the fact that lysosomal neutralization

ith bafilomycin A or ammonium chloride inhibits the tuberculo-

tatic effect of some drugs [22] . Interestingly, moderate antituber-

ulosis activity has been shown in vitro for some standard lyso-

omotropic drugs, such as fluoxetine and sertraline, and this ef-

ect was absent in their non-protonable analogues that cannot un-

ergo ion trapping [22] . However, apart from drugs that are well-

nown lysosomotropic substances, many pharmacological agents

rom other therapeutic classes belong to this group of chemicals

ased on both their physico-chemical properties and their effect

n endolysosomal function in vitro and in vivo . It is suggested that

hese drugs should be examined in the context of their potential

se in COVID-19 treatment protocols, as most of them could po-

entially be used to target both viral replication and dissemination

nd symptoms of the disease. Moreover, some drugs can produce

imilar effects on the endolysosomal pathway by targeting endo-

omal compartment pH through different mechanisms such as in-

ibition of vacuolar-type H 

+ -ATPase (V-ATPase). In the following

ext, these compounds are considered as potential candidate drugs

ith antiviral effects ( Fig. 2 ). As many pharmacological agents have

hown endolysosomal pH-modulating activity both in vitro and in

ivo , this review focused solely on drugs that satisfied several crite-

ia that are considered important in this context: existing evidence

f endolysosomal pH modulation, good safety profile, wide avail-

bility, low cost, and additional therapeutic benefits apart from the

otential preventive and therapeutic antiviral effect ( Table 1 ). 

. Antibiotics 

Initial reports showed that more than 90% of patients with

OVID-19 received antibiotics [24] ; however, reports on how pa-
e Zagreb from ClinicalKey.com by Elsevier on March 31, 2021.
. Copyright ©2021. Elsevier Inc. All rights reserved.
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Fig. 1. Possible interaction of lysosomotropic agents and lysosome targeting drugs with the replication cycle of severe acute respiratory syndrome corovavirus-2 (SARS-CoV- 

2) in a cell. Lysosome targeting drugs and lysosomotropic drugs, such as chloroquine, have the ability to interfere with endosomal trafficking, affecting both endosomal 

maturation and exocytotic pathways. Taking into consideration the dependence of viral replication on the normal functioning of endocytic trafficking, commonly used 

pharmacological agents that demonstrate lysosomotropic properties should be examined as a possible therapeutic option for the treatment of coronavirus disease 2019. 
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c  
ient outcome depends on the use of different antibiotics are

carce. Several groups of antibiotics are known to be lysoso-

otropic; however, the effect is observed most consistently for

acrolides. Therefore, this review will focus on macrolides as

 potentially effective group of antibiotics in cases of COVID-

9, as numerous studies have shown that macrolides possess

nti-inflammatory, antibacterial and antiviral properties. The anti-

nflammatory effects [25] are of particular interest, as it has been

uggested that a cytokine storm plays a central role in the devel-

pment of acute respiratory distress syndrome following measure-

ent of a high concentration of pro-inflammatory interleukins in

he blood of deceased patients [26] . Another reason to consider

acrolides is their antiviral effect, particularly for, but not lim-

ted to, clarithromycin, bafilomycin, erythromycin and azithromycin

 27 , 28 ]. Although the effects of macrolides on the expression of

ytokines and membrane receptors contribute to the antiviral ef-

ects, the exact mechanism remains unknown [ 27 , 28 ]. As several

uthors have reported that macrolides can affect lysosomal traf-

cking and lysosomal pH [ 29 , 30 ], it is hypothesized that this could

e one of several mechanisms of antiviral activity of macrolides,

nd is particularly interesting in COVID-19. Although the antiviral

ffects of macrolides have been known for a long time, the use

f these drugs in patients has not yielded groundbreaking results

 27 , 31 ]. Although early clinical findings suggested the effectiveness

f azithromycin in combination with HCQ [32] , some recent ob-

ervations have challenged the original conclusions [ 33 , 34 ]. Thus,

ell-controlled, randomized, large-scale clinical trials are needed

o draw conclusions regarding the use of azithromycin for COVID-

9 [ 34 , 35 ]. Hopefully, the 60 ongoing clinical trials listed on clin-

caltrials.gov with azithromycin included in the interventional de-
Downloaded for Anonymous User (n/a) at University Hospital Centre Z
For personal use only. No other uses without permission. Co
ign will provide sufficient evidence to settle the ongoing debate

n its potential effectiveness [23] . Apart from the potential antivi-

al and anti-inflammatory potential, other very important prop-

rties of macrolides should be mentioned, namely their ability

o inhibit the proliferation of fibroblasts, production of collagen,

nd release of matrix protease and pro-inflammatory cytokines

36] . These are particularly interesting and important properties

f macrolides in the context of long-term consequences, as it has

een debated that COVID-19 may cause lung fibrosis [37] . Consid-

ring everything mentioned above and the recent in-silico finding

hat clarithromycin and erythromycin could have a direct antivi-

al effect by interfering with COVID-19 protease [38] , macrolides

hould be investigated further as a treatment option, including the

oute of administration, with inhalatory macrolides being of par-

icular interest. Unfortunately, inhalatory macrolides are not avail-

ble for clinical use at present. The physico-chemical properties of

hese drugs suggest that they are suitable for aerosolization, and

n-vivo experiments have demonstrated that inhalation leads to a

apid increase in concentration in alveolar macrophages and air-

ay epithelial cells in the case of azithromycin [36] . 

. Non-steroidal anti-inflammatory drugs 

The safety of non-steroidal anti-inflammatory drugs (NSAIDs) in

atients with COVID-19 has been debated since the discovery that

CE-2 is an entry receptor for SARS-CoV-2 [39] . Fang et al. hypoth-

sized that ibuprofen increases the risk of developing severe and

atal COVID-19 as it is known that it can increase the expression of

CE-2 receptors [40] . However, this has not been supported by any

linical study, and cannot be confirmed post hoc given the common
agreb from ClinicalKey.com by Elsevier on March 31, 2021.
pyright ©2021. Elsevier Inc. All rights reserved.
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Fig. 2. Possible mechanisms of endolysosomal pH-modulation-mediated effects on the structure and function of endolysosomal vesicles with potential consequences for 

viral fusion, trafficking and shedding. (A) Drugs affecting activity of vesicular acidification mechanisms neutralize endolysosomal compartments. The illustration shows the 

general structure of a proton pump inhibitor; this might neutralize endolysosomal compartments through inhibition of vacuolar-type H 

+ -ATPase (V-ATPase). (B) Weakly 

basic and lipophilic properties of lysosomotropic compounds enable them to diffuse passively through the endosomal membrane and undergo protonation-based trapping 

and subsequent neutralization of acidic vesicles. (C) The acidic environment enables conformational changes that activate viral fusion proteins. Moreover, H 

+ interacts with 

the viral matrix and activates mechanisms implicated in later stages of viral fusion and/or uncoating. (D) Acidic pH of endolysosomal compartments activates proteases 

involved with viral fusion processes. (E) The acidic luminal environment activates endolysosomal trafficking regulatory proteins [56] . 
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practice of not making raw patient data available. Nevertheless,

taking into account the above-mentioned relationship between en-

dosomal trafficking and viral replication, NSAIDs could provide ad-

ditional benefits in the treatment of COVID-19 as a result of their

inhibitory effect on autophagic flux [41] . Indomethacin is particu-

larly interesting in this context. Several studies have shown that

indomethacin can increase the pH of lysosomes [ 41 , 42 ]. Moreover,

some results have suggested that indomethacin can block viral RNA

synthesis independently of its effect on cyclo-oxygenase inhibition,

and this effect was confirmed both in vitro and in vivo on dogs in-

fected with canine coronavirus [ 43 , 44 ]. Furthermore, it has been

shown that indomethacin enhances the inhibitory effect of CQ on

autophagy, suggesting that NSAIDs and CQ could have a synergis-

tic effect on viral replication [42] . In conclusion, at this point, there

are not enough studies to demystify the potential role of NSAIDs in

COVID-19; however, in addition to standard anti-inflammatory and

antipyretic properties, other factors should be taken into account,

such as the possible effect of NSAIDs on the expression of ACE-2,

interference with autophagic flux and possible direct antiviral ac-

tivity. The authors believe that more attention should be directed
 t  

Downloaded for Anonymous User (n/a) at University Hospital Centr
For personal use only. No other uses without permission
owards these potential effects, and structured clinical data should

e collected in order to examine if some NSAIDs should be consid-

red better than others for this indication. 

. Proton pump inhibitors 

To alleviate the side-effects of NSAIDs, proton pump inhibitors

PPIs) are often given concomitantly. It is important to note that

PIs can inhibit V-ATP-ase, the enzyme responsible for maintain-

ng pH in endosomes. As a consequence, PPIs can induce cytosolic

cidification and lysosomal and endosomal alkalinization [ 45 , 46 ].

s discussed above, this effect could be beneficial in patients with

OVID-19. In the context of the direct and indirect antiviral effects

f indomethacin discussed above, and its well-known gastrointesti-

al side-effects, a combination of indomethacin and PPIs should be

nvestigated further as a potential therapeutic strategy in COVID-

9. Additionally, ACE-2, which acts as a primary receptor for SARS-

oV-2 host cell entry, is a well-known intestinal transporter in-

olved in amino acid absorption throughout the human small in-

estine [47] , and gastrointestinal symptoms are reported to be part
e Zagreb from ClinicalKey.com by Elsevier on March 31, 2021.
. Copyright ©2021. Elsevier Inc. All rights reserved.
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Table 1 

Drugs used in coronavirus disease 2019 (COVID-19) clinical trials with potential endolysosomal pH-mediated effect on severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2). Clinicaltrials.gov was searched for COVID-19, and pharmaceutical intervention data were analysed on 20th May 2020. Both observational and interventional 

trials were included in the table. 

Drug Current ongoing clinical trials (COVID-19) [57] Physico-chemical properties [58] Endolysosomal 

neutralization 

reported in the 

literature 

Antiviral 

activity 

reported in the 

literature 

Adverse effects 

Partition 

coefficient 

(logP) 

Acid dissociation constant 

(pKa) 

Macrolide antibiotics 

Azithromycin NCT04359095, NCT04359316, 

NCT04329832, NCT04390594, 

NCT04359953, NCT04381962, 

NCT04334382, NCT04344444, 

NCT04332094, NCT04370782, 

NCT04329572, NCT04363060, 

NCT04332107, NCT04363203, 

NCT04358068, NCT04336332, 

NCT04365231, NCT04371406, 

NCT04286503, NCT04339816, 

NCT04347512, NCT04395768, 

NCT04339426, NCT04328272, 

NCT04354428, NCT04348474, 

NCT04341870, NCT04392128, 

NCT04343092, NCT04349410, 

NCT04374552, NCT04341207, 

NCT04351919, NCT04334512, 

NCT04335552, NCT04338698, 

NCT04374019, NCT04371107, 

NCT04344379, NCT04361461, 

NCT04366089, NCT04381936, 

NCT04373733, NCT04368351, 

NCT04380818, NCT04394182, 

NCT04345861, NCT04349592, 

NCT04324463, NCT04382846, 

NCT04365582, NCT04322123, 

NCT04322396, NCT04321278, 

NCT04369365, NCT04383717, 

NCT04347031, NCT04390152, 

NCT04355052, NCT04341727, 

NCT04362189, NCT04374903, 

[Macrolide (NCT02735707)] 

2.44 Strongest acidic: 12.43 

Strongest basic: 9.57 

Yes [ 29 , 59 , 60 ] Yes [ 35 , 61 ] Nausea, vomiting, abdominal 

pain, diarrhoea, allergy, 

antibiotic-associated colitis, 

cholestatic jaundice, 

prolongation of the QT 

interval [62] 

Non-steroidal anti-inflammatory drugs 

Naproxen NCT04325633 2.99 Strongest acidic: 4.19 

Strongest basic: -4.8 

None Yes [ 63 , 64 ] Gastrointestinal toxicity, renal 

impairment, increased risk of 

cardiovascular events, 

hypersensitivity reactions, 

fluid retention [62] 

Ibuprofen NCT04334629, 

NCT04382768 

3.84 Strongest acidic: 4.85 None Yes [65] 

Indomethacin NCT04344457 3.53 Strongest acidic: 3.79 

Strongest basic: -2.9 

Yes [42] Yes [ 43 , 44 , 66 ] 

Proton pump inhibitors 

Omeprazole NCT04333407 2.43 Strongest acidic: 9.29 

Strongest basic: 4.77 

Yes [67] Yes [68] Gastrointestinal disturbances, 

headache, hypomagnesaemia 

[62] 

Lansoprazole NCT04325633 3.03 Strongest acidic: 9.35 

Strongest basic: 4.16 

Yes [69] Yes [ 70 , 71 ] 

Selective serotonin re-uptake inhibitors 

Fluoxetine NCT04377308 4.17 Strongest basic: 9.8 Yes [72–74] Yes [ 75 , 76 ] Gastrointestinal upset, 

appetite and weight changes, 

hypersensitivity reactions, 

hyponatraemia, suicidal 

thoughts, lower seizure 

threshold, prolongation of the 

QT interval, increased risk of 

bleeding, increased risk of 

serotonin syndrome [62] 

Fluvoxamine NCT04383886, 

NCT04342663 

2.8 Strongest basic: 8.86 Yes [73] None 

o  

i  

s  

r  

r  

fi  

t  

p  

g  

m

f the clinical presentation of COVID-19 [ 4 8 , 4 9 ]. Therefore, target-

ng the gastrointestinal system could have a dual benefit as lyso-

omotropic agents could provide symptomatic relief and reduce vi-

al dissemination. The possibility that the faecal-oral transmission

oute is involved in viral spread, in combination with the recent
Downloaded for Anonymous User (n/a) at University Hospital Centre Z
For personal use only. No other uses without permission. Co
nding that viral RNA remained positive in faeces even after nega-

ive conversion of viral RNA in the respiratory system, further sup-

orts the idea that lysosomotropic agents that primarily target the

astrointestinal system should be considered as part of the treat-

ent of COVID-19 [48] . 
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6. Selective serotonin re-uptake inhibitors 

Many central nervous system drugs have lysosomotropic prop-

erties. Some lysosomotropic compounds used in experimental

work on endolysosomal trafficking and function include the tri-

cyclic antidepressants, imipramine and amitriptyline; the antipsy-

chotic, chlorpromazine; and the selective serotonin re-uptake in-

hibitor, fluoxetine [50] . If further research provides clinical evi-

dence for the antiviral effect of fluoxetine, it could be considered

as part of the solution in addition to virtual psychotherapy for

quarantine-induced anxiety. This might be more important than

it seems, as findings published after the previous SARS epidemic

suggest that the psychological effects of quarantine are underesti-

mated [51–53] , and the rapid response of psychologists and psychi-

atrists during the ongoing pandemic confirms that early interven-

tion is important [ 54 , 55 ]. Moreover, maximal compliance is needed

to implement successful quarantine and social isolation measures,

and considering the information in the global media, anxiolysis is

more important than ever in order to stop viral spread. 

7. Conclusion 

In conclusion, many pharmacological agents that are widely

used in clinical practice demonstrate endolysosomal pH-

modulating properties both in vitro and in vivo , and should

thus be considered as potential therapeutic agents for COVID-19

in light of the recent findings on the clinical efficacy of CQ. Most

of the drugs discussed in this review have good safety profiles,

low cost and are widely available, which makes them interesting

in the context of the rapidly advancing SARS-CoV-2 pandemic. As

some of these drugs have probably been used empirically in the

treatment of COVID-19, it is hoped that colleagues worldwide will

publish patient data to enable evaluation of the potential efficacy

of these agents. As effective treatment strategies for COVID-19 are

still lacking, repurposing of drugs based on their lysosomotropic

and endolysosomal pH-modulating effects could provide the ad-

ditional preventive and therapeutic options that are desperately

needed. 
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