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SUMMARY

An outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, which
began in Wuhan, China in December 2019, has rapidly spread all over the world. The World
Health Organization characterized the disease caused by SARS-CoV-2 (COVID-19) as a pandemic
in March 2020. In the absence of specific treatments for the virus, treatment options are being
examined. Drug repurposing is a process of identifying new therapeutic uses for approved drugs. It
is an effective strategy to discover drug molecules with new therapeutic indications. This strategy
is time-saving, low-cost, and has a minimal risk of failure. Several existing approved drugs such
as chloroquine, hydroxychloroquine, doxycycline, azithromycin, and ivermectin are currently in
use because of their efficacy in inhibiting COVID-19. Multidrug therapy, such as a combination
of hydroxychloroquine and azithromycin, a combination of doxycycline and ivermectin, or a
combination of ivermectin, doxycycline, and azithromycin, has been successfully administered.
Multidrug therapy is efficacious because the mechanisms of action of these drugs differ. Moreover,

multidrug therapy may prevent the emergence of drug-resistant SARS-CoV-2.
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all over the world. The World Health Organization
characterized the disease caused by SARS-CoV-2
(COVID-19) as a pandemic in March 2020. In the
absence of specific treatments for the virus, treatment
options are being examined. Drug repurposing is
a process of identifying new therapeutic uses for
approved drugs. It is an effective strategy to discover
drug molecules with new therapeutic indications. This
strategy is time-saving, low-cost, and has a minimal
risk of failure. Several existing approved drugs such
as chloroquine, hydroxychloroquine, doxycycline,
azithromycin, and ivermectin, are currently in use
because of their efficacy in inhibiting COVID-19.
Chloroquine, a drug known for its efficacy in treating
malarial and autoimmune diseases such as rheumatoid
arthritis and lupus erythematosus, offers promise in
inhibiting SARS-CoV-2. Previous studies have revealed
that it potentially has broad-spectrum anti-viral activity
by increasing the pH of endosomes and lysosomes, thus
preventing the process by which the virus fuses with host
cells and subsequently replicates (/). Chloroquine is the
first drug reported to have efficacy against COVID-19
in clinical studies in China (2). Feedback from an
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international meeting that took place to share experiences
related to the prevention and control of COVID-19
highlighted the fact that chloroquine demonstrated
significant efficacy in reducing the time to virus-negative
conversion and in restabilizing body temperature (3,4).
Hydroxychloroquine, a more tolerable derivative of
chloroquine, has also been found to display potent
activity against SARS-CoV-2 in vitro (5). Clinical studies
in China have indicated that hydroxychloroquine can
help to reduce the time until body temperature returns to
normal, decrease the duration of coughing, and improve
lung imaging findings (6).

Tetracyclines such as doxycycline, minocycline,
and tetracycline are well-known antibiotics in clinical
use. Tetracyclines are known to inhibit matrix
metalloproteinases (MMPs) through their ability to
chelate zinc compounds on MMPs. Several functions
of the coronavirus, including replication, are associated
with the host MMPs complex. Therefore, the zinc-
chelating properties of tetracyclines may be efficacious
against COVID-19 in humans (7,8). Tetracycline
was also reported to inhibit the binding of the SARS-
CoV-2 spike protein to angiotensin-converting enzyme
2 (ACE2) (9). Doxycycline inhibits the entry and
replication of SARS-CoV-2 in vitro (10). Yates et al.
reported that four high-risk patients with COVID-19
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and comorbid pulmonary disease were successfully
treated with doxycycline, the doses and durations
of which were 100-200 mg/day and 5-14 days,
respectively (/7). Meyboy et al. reported that treatment
of COVID-19 with doxycycline (100 mg, b.i.d., for 7
days) alleviated shortness of breath, coughing, a fever,
and O, saturation (/2).

Macrolides such as erythromycin, clarithromycin,
and azithromycin exhibit antibacterial activity,
immunomodulatory action, and anti-inflammatory
action. Recently, the antiviral action of macrolides has
attracted considerable attention (/3). Azithromycin
accumulates within lysosomes, increases their pH, and
hampers lysosomal functions allowing viral replication
(13). In addition, azithromycin blocks the interaction
points between SARS-CoV-2 and the ACE2 receptor,
preventing SARS-CoV-2 from invading host cells (/3).
Tsiakos et al. reported that treatment with clarithromycin
(500 mg, b.i.d., for 7 days) was associated with early
clinical improvement in patients with moderate
COVID-19 (14). Moreover, Ghiasvand et al. reported
that three patients diagnosed with COVID-19 who did
not respond to initial treatment improved after additional
treatment with azithromycin (75).

Apart from the aforementioned macrolide antibiotics,
ivermectin, a macrolide antiparasitic agent, is also
an inhibitor of SARS-CoV-2, with a single treatment
causing a ~5,000-fold reduction in the virus at 48 h in
cell culture (/6). The mechanism by which ivermectin
inhibits SARS-CoV-2 is thought to be via the inhibition
of the nuclear import of viral and host proteins. In
specific terms, importin (IMP) a/B1, a host protein,
is a heterodimer that binds to the SARS-CoV-2 cargo
protein and moves it into the nucleus, where the complex
falls apart and the viral cargo can reduce the host cell's
antiviral response. Ivermectin destabilizes the IMPa/f1
heterodimer, preventing it from binding to viral protein
and thus from entering the nucleus. As a result, the
inhibition of antiviral responses is likely to be reduced,
leading to a normal, more efficient antiviral response (/6).
Ivermectin also inhibits the binding of the SARS-CoV-2
spike protein to ACE2, much like macrolide antibiotics
(17). Ahmed et al. reported that a 5-day course of
ivermectin (12 mg, daily) for COVID-19 reduced the
duration of the illness (/8).

Examining multidrug therapy for COVID-19, Gautret
et al. reported that a combination of hydroxychloroquine
(200 mg, t.i.d., for 10 days) and azithromycin (500 mg
on day 1, followed by 250 mg, daily, for the next 4 days)
reduced the viral load to an undetectable level on day 6.
Moreover, this combined therapy proved to be superior
to hydroxychloroquine monotherapy (/9). Alam et al.
reported that a combination of ivermectin (0.2 mg/
kg, single dose) and doxycycline (100 mg, daily, for
10 days) was efficacious in viral clearance in patients
with mild or moderate COVID-19 (20). Procter et al.
treated outpatients with COVID-19 with at least two

agents with antiviral activity against SARS-CoV-2 (zinc,
hydroxychloroquine, and ivermectin) and one antibiotic
(azithromycin, doxycycline, and ceftriaxone) along with
inhaled budesonide and/or intramuscular dexamethasone.
Consequently, multidrug therapy of early ambulatory
patients (not hospitalized and treated at home) was
found to be safe, feasible, and associated with low rates
of hospitalization and mortality (27). Prasad reported
a patient with COVID-19 and pulmonary lesions who
recovered after receiving early treatment with ivermectin
(6 mg, b.i.d., for 3 days), azithromycin (500 mg, daily,
for 5 days), doxycycline (100 mg, b.i.d., for 5 days),
and prednisolone (50 mg, daily, for 5 days) followed
by dexamethasone (6 mg, daily) (22). Apart from the
aforementioned multidrug therapy, a combination of
ivermectin and azithromycin (23), a combination of
doxycycline and azithromycin (24), and a combination of
hydroxychloroquine, ivermectin, and azithromycin (25)
are proposed treatments to be studied in clinical trials.

Multidrug therapy is more efficacious than single-
drug therapy because there are differences in the
mechanisms of action of the drugs described. Moreover,
multidrug therapy may prevent the emergence of
drug-resistant SARS-CoV-2. Clinical trials need to be
conducted to better assess the efficacy and tolerability of
the aforementioned multidrug therapy before it can be
adopted on a wider basis.

Funding: None.

Conflict of Interest: The authors have no conflicts of
interest to disclose.

References

1. Zhou D, Dai SM, Tong Q. COVID-19: a recommendation
to examine the effect of hydroxychloroquine in preventing
infection and progression. J Antimicrob Chemother. 2020;
75:1667-1670.

2. Gao J, Tian Z, Yang X. Breakthrough: Chloroquine
phosphate has shown apparent efficacy in treatment of
COVID-19 associated pneumonia in clinical studies.
Biosci Trends. 2020; 14:72-73.

3. International meeting to share experiences to prevent
and control COVID-19. https://e.dxy.cn/broadcast/live/
id/13818?source=pagesidebar (accessed April 8, 2020).
(in Chinese)

4. Gao J, Hu S. Update on use of chloroquine/
hydroxychloroquine to treat coronavirus disease
(COVID-19). BioSci Trends. 2020; 14:156-158.

5. LiuJ, Cao R, Xu M, Wang X, Zhang H, Hu H, Li Y, Hu
Z, Zhong W, Wang M. Hydroxychloroquine, a less toxic
derivative of chloroquine, is effective in inhibiting SARS-
CoV-2 infection in vitro. Cell Discov. 2020; 6:16.

6. Chen Z, Hu J, Zhang Z, Jiang S, Han S, Yan D, Zhuang
R, Hu B, Zhang Z. Efficacy of hydroxychloroquine in
patients with COVID-19: Results of a randomized clinical
trial. https://www.medrxiv.org/content/10.1101/2020.03.2
2.20040758v3

7. Sodhi M, Etminan M. Therapeutic potential for

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2021; 15(1):39-41. 41

10.

11.

12.

13.

14.

15.

16.

17.

18.

tetracyclines in the treatment of COVID-19.
Pharmacotherapy. 2020; 40:487-488.
Mosquera-Sulbaran JA, Hernandez-Fonseca H.
Tetracycline and viruses: a possible treatment for
COVID-19? Arch Virol. 2021;166:1-7.

Zhao TY, Patankar NA. Tetracycline as an inhibitor to the
coronavirus ARS-CoV-2. https://arxiv.org/abs/2008.06034
Gendrot M, Andreani J, Jardot P, Hutter S, Delandre O,
Boxberger M, Mosnier J, Le Bideau M, Duflot I, Fonta I,
Rolland C, Bogreau H, La Scola B, Pradines B. In Vitro
Antiviral Activity of Doxycycline against SARS-CoV-2.
Molecules. 2020; 25:5064.

Yates PA, Newman SA, Oshry LJ, Glassman RH, Leone
AM, Reichel E. Doxycycline treatment of high-risk
COVID-19-positive patients with comorbid pulmonary
disease. Ther Adv Respir Dis. 2020;14:1753466620951053.
Meyboy ZA, Owlia MB, Owlia S, Mousavinasab SR.
Efficacy of doxycycline in treating COVID-19 positive
patients: A case series. DOI: https://doi.org/10.21203/
rs.3.rs-141875/v3

Al-Kuraishy HM, Al-Naimi MS, Lungnier CM, Al-Gareeb
Al. Macrolides and COVID-19: An optimum premise.
Biomed Biotechnol Res J. 2020;4:189-192.

Tsiakos K, Tsakiris A, Tsibris G, et al. Oral clarithromycin
in COVID-19 of moderate severity: The ACHIEVE open-
label trial using concurrent matched comparators. doi:
https://doi.org/10.1101/2020.12.22.20248753

Ghiasvand F, Ghadimi M, Sadr S, Jafari F, Manafi N, Ah-
Madinejad Z, Ah-Madinejad Z, Tirgar S, Seyed Alinaghi
SA. COVID-19 treatment success after repeat courses of
azithromycin: A report of three cases. Infect Disord Drug
Targets. 2020; Doi: 10.2174/18715265209992011262035
10

Caly L, Druce JD, Catton MG, Jans DA, Wagstaff
KM. The FDA-approved drug ivermectin inhibits the
replication of SARS-CoV-2 in vitro. Antiviral Res.
2020;178:104787.

Lehrer S, Rheinstein PH. Ivermectin docks to the SARS-
CoV-2 spike receptor-binding domain attached to ACE2.
In Vitro. 2020; 34:3023-3026.

Ahmed S, Karim MM, Ross AG, Hossain MS, Clemens
JD, Sumiya MK, Phru CS, Rahman M, Zaman K, Somani
J, Yasmin R, Hasnat MA, Kabir A, Aziz AB, Khan WA.

19.

20.

21.

22.

23.

24.

25.

A five-day course of ivermectin for the treatment of
COVID-19 may reduce the duration of illness. Int J Infect
Dis. 2021; 103:214-216.

Gautret P, Lagier JC, Parola P, et al. Hydroxychloroquine
and azithromycin as a treatment of COVID-19: Results
of an open-label non-randomized clinical trial. Int J
Antimicrob Agents. 2020; 56:105949.

Alam MT, Murshed R , Bhiuyan E , Saber S , Alam RF
, Robin RC. A case series of 100 COVID-19 positive
patients treated with combination of ivermectin and
doxycycline. Bangladesh Coll Phys Surg. 2020; 38:10-
15.

Procter BC, Ross C, Pickard V, Smith E, Hanson C,
McCullough PA. Clinical outcomes after early ambulatory
multidrug therapy for high-risk SARS-CoV-2 (COVID-19)
infection. Rev Cardiovasc Med. 2020; 21:611-614.

Prasad A. Early administration of ivermectin, azithromycin
& doxycycline along with i.v. prednisolone in a case of
COVID -19 disease may lead to early recovery? Int J
Pharm Chem Anal. 2020; 7:149-150.

Al-Kuraishy HM, Hussien NR, Al-Naimi MS, Al-
Buhadily AK, Al-Gareeb AI, Lungnier CM. Is ivermectin—
azithromycin combination the next step for COVID-19?
Biomed Biotechnol Res J. 2020;4:101-103.

Ohe M, Furuya K, Goudarzi H. Tetracycline plus macrolide:
A potential therapeutic regimen for COVID-19? BioSci
Trends. 2020; 14:467-468.

Choudhary R, Sharma AK. Potential use of
hydroxychloroquine, ivermectin and azithromycin drugs
in fighting COVID-19: Trends, scope and relevance. New
Microbe and New Infect. 2020; 35:100684.

Received January 17, 2021; Revised January 29, 2021;
Accepted February 15, 2021.

*Address correspondence to:

Masashi Ohe, Department of Internal Medicine, JCHO
Hokkaido Hospital, 1-8-3-18 Nakanoshima, Toyohira-ku,
Sapporo 062-8618, Japan.

E-mail: oektsp1218@sweet.ocn.ne.jp

Released online in J-STAGE as advance publication February
19, 2021.

www.ddtjournal.com



