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OPINION

Could Respiratory Fluoroquinolones, Levofloxacin and Moxifloxacin, Prove to
be Beneficial as an Adjunct Treatment in COVID-19?
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Since the beginning of the COVID-19 pandemic, researchers have focused on repurpos-
ing of existing antibiotics, antivirals and anti-inflammatory drugs to find an effective ther-
apy. Fluoroquinolones are broad spectrum synthetic antimicrobial agents, being chemical
derivatives of quinoline, the prodrome of chloroquine. Interestingly, fluoroquinolones
may exert antiviral actions against vaccinia virus, papovavirus, CMV, VZV, HSV-1,
HSV-2, HCV and HIV. A recent in silico study has shown that the fluoroquinolones, cip-
rofloxacin and moxifloxacin, may inhibit SARS-CoV-2 replication by exhibiting stronger
capacity for binding to its main protease than chloroquine and nelfinavir, a protease in-
hibitor antiretroviral drug. Remarkably, fluoroquinolones have shown multiple immuno-
modulatory actions leading to an attenuation of the inflammatory response through the
inhibition of pro-inflammatory cytokines. Noteworthy, respiratory fluoroquinolones, lev-
ofloxacin and moxifloxacin, constitute fist line therapeutic agents for the management of
severe community-acquired pneumonia. They are characterized by advantageous pharma-
cokinetic properties; higher concentrations in the lungs; and an excellent safety profile
comparable to other antibiotics used to treat respiratory infections, such as macrolides
and b-lactams. Based on their potential antiviral activity and immunomodulatory proper-
ties, the favorable pharmacokinetics and safety profile, we propose the use of respiratory
fluoroquinolones as adjuncts in the treatment of SARS-CoV-2 associated pneu-
monia. © 2020 IMSS. Published by Elsevier Inc.
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The emergence of the coronavirus SARS-CoV-2 evoked an
unprecedented threat worldwide. Ever since the start of this
pandemic, researchers and clinicians have focused on re-
purposing of existing antibiotics, antivirals and anti-
inflammatory drugs to find an effective therapy to combat
COVID-19. However, preliminary clinical trials reported
conflicting results regarding the use of the anti-malarial
and anti-inflammatory chloroquine and the macrolide azi-
thromycin, while the antiviral remdesivir has not been
shown to significantly decrease COVID-19 mortality (1,2).
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Fluoroquinolones, a family of 6-fluoro-7-piperazinyl-4-
quinolones, are broad spectrum synthetic antimicrobial
agents derived from quinolones with the addition of a fluo-
rine atom attached to the central ring (3). They exert their
bactericidal effect by targeting the bacterial DNA gyrase
(type 1II topoisomerase) and topoisomerase IV thus inhibit-
ing bacterial DNA synthesis and leading to cleavage of bac-
terial DNA and rapid bacterial death (4). Fluoroquinolones
are active against gram-negative and gram-positive bacte-
ria, anaerobes, mycobacteria and atypical pathogens. Respi-
ratory fluoroquinolones, levofloxacin and moxifloxacin,
constitute fist line therapeutic agents for the management
of severe community-acquired pneumonia, according to
treatment guidelines (5).

Fluoroquinolones are chemical derivatives of quinoline,
the prodrome of chloroquine (6). Indeed, quinoline and qui-
nolone based compounds are being investigated for their
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antiviral activity against various viruses such as Ebola and
Dengue virus (7). Interestingly, fluoroquinolones have also
been shown to exert antiviral actions against vaccinia virus,
papovavirus, human cytomegalovirus, varicella-zoster vi-
rus, herpes simplex virus types 1 and 2, hepatitis C virus
and HIV (6,8,9). A recent in silico study demonstrated that
the fluoroquinolones, ciprofloxacin and moxifloxacin, exert
strong capacity for binding to SARS-CoV-2 main protease
(MP'®), indicating that fluoroquinolones may inhibit SARS-
CoV-2 replication (10). Furthermore, fluoroquinolones may
bind to the MP™ active site more strongly than chloroquine
and nelfinavir, a protease inhibitor antiretroviral drug used
in the treatment of the AIDS. Additionally, experimental
studies have demonstrated that levofloxacin exerts anti-
oxidative and NO regulatory effects in an animal model
of HIN1 influenza virus induced lung injury, and signifi-
cantly improves survival (11). In particular, levofloxacin
exhibited scavenging actions against neutrophil-derived hy-
droxyl radicals and suppressed NO production, leading to
decreased markers of oxidative stress and NO metabolites
in the lungs of HINI1 influenza virus infected animals.
Remarkably, fluoroquinolones exhibit multiple immuno-
modulatory actions leading to attenuation of inflammatory
response through the inhibition of pro-inflammatory cyto-
kines such as IL-1 and TNF-a, as shown in experimental
and clinical studies (12). Noteworthy, respiratory fluoroqui-
nolones are characterized by advantageous pharmacoki-
netic properties, leading to significantly higher
concentrations in the lungs compared to serum, as well as
an excellent safety profile comparable to other antibiotics
used to treat respiratory infections, such as macrolides
and b-lactams (13,14).

Considering the potential antiviral activity of respiratory
fluoroquinolones against SARS-CoV-2, along with their
immunomodulatory properties, their favorable pharmacoki-
netics and the excellent safety profile, we propose their use
as adjuncts in treating patients presenting COVID-19.
Therefore, randomized clinical trials of respiratory fluoro-
quinolones are necessary to explore their potential thera-
peutic effect as an adjunct in the treatment of SARS-
CoV-2 associated pneumonia.

Conflict of Interest

The authors declare that they have no conflict of interest.

Funding Information

None.

References

1. Mehra MR, Desai SS, Ruschitzka F, et al. Hydroxychloroquine or
chloroquine with or without a macrolide for treatment of COVID-
19: a multinational registry analysis. Lancet, 2020.

2. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the Treat-
ment of Covid-19 - Preliminary Report. N Engl J Med, 2020.

3. Andersson MI, MacGowan AP. Development of the quinolones. J
Antimicrob Chemother 2003;51(Suppl 1):1—11.

4. Hooper DC. Mode of action of fluoroquinolones. Drugs 1999;
58(Suppl 2):6—10.

5. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and Treatment of
Adults with Community-acquired Pneumonia. An Official Clinical Prac-
tice Guideline of the American Thoracic Society and Infectious Diseases
Society of America. Am J Respir Crit Care Med 2019;200:e45—e67.

6. Richter S, Parolin C, Palumbo M, et al. Antiviral properties of quinolone-
based drugs. Curr Drug Targets Infect Disord 2004;4:111—116.

7. Cui Q, Cheng H, Xiong R, et al. Identification of Diaryl-Quinoline
Compounds as Entry Inhibitors of Ebola Virus. Viruses 2018;10.

8. Khan IA, Siddiqui S, Rehmani S, et al. Fluoroquinolones inhibit HCV
by targeting its helicase. Antivir Ther 2012;17:467—476.

9. Miller AN, Glode A, Hogan KR, et al. Efficacy and safety of cipro-
floxacin for prophylaxis of polyomavirus BK virus-associated hemor-
rhagic cystitis in allogeneic hematopoietic stem cell transplantation
recipients. Biol Blood Marrow Transplant 2011;17:1176—1181.

10. Marciniec K, Beberok A, Boryczka S, et al. Ciprofloxacin and Moxi-
floxacin Could Interact with SARS-CoV-2 Protease: Preliminary in Sil-
ico Analysis. Available at SSRN: https://ssrn.com/abstract=3562475.
Accessed March 23, 2020 https://doi.org/10.2139/ssrn.3562475.

11. Enoki Y, Ishima Y, Tanaka R, et al. Pleiotropic Effects of Levofloxa-
cin, Fluoroquinolone Antibiotics, against Influenza Virus-Induced
Lung Injury. PLoS One 2015;10:e0130248.

12. Dalhoff A. Immunomodulatory activities of fluoroquinolones. Infec-
tion 2005;33(Suppl 2):55—70.

13. Breilh D, Jougon J, Djabarouti S, et al. Diffusion of oral and intrave-
nous 400 mg once-daily moxifloxacin into lung tissue at pharmacoki-
netic steady-state. J] Chemother 2003;15:558—562.

14. Tulkens PM, Arvis P, Kruesmann F. Moxifloxacin safety: an analysis
of 14 years of clinical data. Drugs R D 2012;12:71—100.


http://refhub.elsevier.com/S0188-4409(20)30924-3/sref1
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref1
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref1
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref2
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref2
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref3
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref3
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref4
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref4
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref5
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref5
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref5
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref5
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref6
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref6
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref7
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref7
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref8
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref8
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref9
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref9
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref9
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref9
https://ssrn.com/abstract=3562475
https://doi.org/10.2139/ssrn.3562475
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref11
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref11
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref11
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref12
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref12
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref13
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref13
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref13
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref14
http://refhub.elsevier.com/S0188-4409(20)30924-3/sref14

