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Abstract: Drug repurposing process aims to identify new uses for the existing drugs to overcome traditional de novo drug discovery and
development challenges. At the same time, as viral infections became a serious threat to humans and the viral organism itself has a high
ability to mutate genetically, and due to serious adverse effects that result from antiviral drugs, there are crucial needs for the discovery of
new antiviral drugs, and to identify new antiviral effects for the exciting approved drugs towards different types of viral infections depending
on the observed antiviral activity in preclinical studies or clinical findings is one of the approaches to counter the viral infections problems.
This narrative review article summarized mainly the published preclinical studies that evaluated the antiviral activity of drugs that are
approved and used mainly as antibacterial, antifungal, antiprotozoal, and anthelmintic drugs, and the preclinical studies included the in
silico, in vitro, and in vivo findings, additionally some clinical observations were also included while trying to relate them to the preclinical
findings. Finally, the structure used for writing about the antiviral activity of the drugs was according to the families of the viruses used in the
studies to form a better image for the target of antiviral activity of different drugs in the different kinds of viruses and to relate between the
antiviral activity of the drugs against different strains of viruses within the same viral family.
Keywords: drug repurposing, antiviral activity, antibacterial drugs, antifungal drugs, antiprotozoal agents, anthelmintic drugs

Introduction
Many viral infections are still causing remarkable threats to humans, such as HIV, coronavirus, SARS, avian influenza,
swine flu, Dengue virus, Ebola virus, etc.1 Viruses are also able to emerge and re-emerge in human populations with
changes in epidemiological characters that may occur gradually or abruptly as a result of sudden genetic changes during
reproduction or replication.2 While the emergence of resistance to existing antiviral drugs and re-emerging viral
infections are the biggest challenges in the antiviral drug discovery, drug repurposing, which is a process of identifying
new uses for the existing drugs, is a promising, fast and cost-effective method that can overcome traditional de novo drug
discovery and development challenges. The drug repurposing approach is an assuring strategy in finding new potential
antiviral agents within a short time to overcome the challenges in antiviral therapy.3

Approved non-antiviral drugs that have demonstrated antiviral efficacy in vitro and animal studies are considered
potential antivirals, especially during emergencies and during epidemics.4 Generally, the screening for drug repurposing
takes two different experimental approaches, either to do phenotypic assay without knowing the target of the activity or
to do a mechanism-based assay knowing the specific target of the antiviral effect, with the first approach being the most
frequently applied.5 The targets for antiviral activity could also be either viral components or specific steps during viral
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infection related to the host cells, such as viral binding to host cells, viral entry into host cells, viral replication, and viral
budding.6

There are many approved non-antiviral drugs from different classes considered as candidate drugs for repurposing
potential, including antibacterial and antiparasitic drugs.3 Although many researches were done to evaluate the antiviral
activity of antibiotics, it was stated that caution should be considered when repurposing antibiotics for their antiviral
effect, as the inappropriate use of the repurposed drugs could cause an increase in antimicrobial resistance.7 This review
article focuses mainly on preclinical studies of phenotypic assays, and mechanism-based assays carried out to evaluate
the antiviral activity of approved antibacterial, antifungal, antiprotozoal, and anthelmintic drugs, and some clinical
findings related to it, and the summary of the antiviral effect of the drugs was according to the viral families and the viral
species on which the antiviral study of the drug was done. Table 1 and Figure 1 demonstrate the possible mechanisms for
the antiviral activity of approved antimicrobial agents.

Table 1 Possible Mechanism for Antiviral Activity of Approved Antibacterial, Antifungal, Antiprotozoal and Anthelmintic Agents

Drug Suggested Mechanism of Action Type of
Study

Susceptible
Virus

References

1. Antibacterial drugs

1.1. Macrolides

Azithromycin Blocking viral internalization into host cells during the early phase of infection In vitro Influenza A virus

(H1N1)

[67]

Clarithromycin Inhibiting viral fusion with host cell, through reducing expression of isoform A of

the Rashomologus (Rho) family (RhoA).

In vitro Respiratory

syncytial virus

[162]

Erythromycin Reducing intercellular adhesion molecule 1 (ICAM-1) In vitro Rhinovirus [86]

Blocking rhinovirus-induced MUC5AC protein over production and blocking

rhinovirus-induced p44/42 MAPK activation

In vitro Rhinovirus [87]

Fidaxomicin Inhibiting RNA-dependent RNA polymerase In vitro Zika virus [21]

Inhibiting RNA-dependent RNA polymerase In silico SARS-CoV-2 [57]

1.2. Quinolones

Moxifloxacin Acting on viral main protease (Mpro) In silico SARS-CoV-2 [58]

Ofloxacin Inhibiting large tumour antigen (T Ag) helicase activity In vitro Simian virus 40 [144]

Levofloxacin Reducing intercellular adhesion molecule 1 (ICAM-1) and the number of acidic

endosomes

In vitro Rhinovirus [88]

Inhibiting large tumour antigen (T Ag) helicase activity In vitro BK virus [147]

Ciprofloxacin Decreasing large tumour antigen (T Ag) expression In vitro BK virus [141]

Inhibiting large tumour antigen (T Ag) helicase activity In vitro Simian virus 40 [144]

Acting on viral main protease (Mpro) In silico SARS-CoV-2 [58]

1.3. Tetracyclines

Doxycycline Interfering with the interactions between the E protein and the host surface

receptor (inhibit viral entry).

In silico Dengue virus [27]

Inhibiting viral serine protease. In vitro Dengue virus [28]

Disrupting the interactions between virus RNA and nucleoprotein. In silico CCHFV [166]

Interfering with viral cysteine protease and E2 envelope glycoprotein In silico CHIKV [131]

(Continued)
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Drugs Acting on Herpesviridae Viruses
A few drugs belonging to the antimicrobial chemotherapeutic category showed the ability to affect viruses of the
herpesviridae family as documented in previous researches, namely neomycin and doxycycline as antibacterial agents,
posaconazole and ketoconazole as antifungal agents, and quinine as antiprotozoal.

Table 1 (Continued).

Drug Suggested Mechanism of Action Type of
Study

Susceptible
Virus

References

Lymecycline Interfering with 3-chymotrypsin-like protease (3CLpro) and helicase (Nsp13) In silico SARS-CoV [51]

Oxytetracycline Interfering with 3-chymotrypsin-like protease (3CLpro) In silico SARS-CoV [51]

Tigecycline Interfering with papain-like protease (PLpro) In silico SARS-CoV [51]

Minocycline Reducing level of apoptosis signal-regulating kinase 1 (ASK1) In vitro HIV and SIV [100]

1.4. Other antibacterial drugs

Rifampicin Acting on viral Main Protease (Mpro) In silico SARS-CoV-2 [60]

Cycloserine Reducing syncytium formation and p24 protein production In vitro HIV-1 [119]

Fusidic acid Reducing syncytium formation and inhibit reverse transcriptase In vitro HIV-1 [114,116]

Chloramphenicol Interfering with papain-like protease (PLpro) In silico SARS-CoV [51]

2. Antifungal drugs

Amphotericin B Impairing the attachment and internalization of the virus by host cells. In vitro Enterovirus 71 [96]

Posaconazole Affecting intracellular cholesterol distribution by targeting oxysterol-binding

protein

In vitro Dengue virus [39]

Itraconazole Suppressing viral RNA replication or polyprotein processing In vitro Enterovirus 71 [93]

Affecting intracellular cholesterol distribution by targeting oxysterol-binding

protein

In vitro Dengue virus [39]

Caspofungin Acting on viral main protease (Mpro) In silico SARS-CoV and

SARS-CoV-2

[63]

Acting on viral nonstructural protein 12 In vitro SARS-CoV-2 [64]

3. Antiprotozoal agents

Quinine Indirectly by inducing host cell defense mechanisms In vitro HSV-1 [16]

Interfering with terminal glycosylation in Golgi apparatus. In vitro HIV-1 [120,123]

Inhibiting the post-translational modification of glycoprotein 120 by increasing

endosomal pH

In vitro HIV-1 [129]

Hydroxychloroquine Inhibiting the post-translational modification of glycoprotein 120 by increasing

endosomal pH

In vitro HIV-1 [120]

Atovaquone Acting on viral main protease (Mpro) In silico SARS-CoV-2 [66]

4. Antihelminthic drugs

Mebendazole Acting on viral main protease (Mpro) In silico SARS-CoV-2 [66]

Abbreviations: SARS-CoV, severe acute respiratory syndrome coronavirus; CCHFV, Crimean-Congo hemorrhagic fever virus; CHIKV, chikungunya virus; HIV, human
immunodeficiency virus; SIV, simian immunodeficiency virus.
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Neomycin, an antibacterial drug showed ability to inhibit herpes simplex virus type 1 (HSV-1) proliferation in vitro
by interfering with very early stages of HSV 1 infection with an effect strongly dependent on the time of adding the drug
in contrast with the time of infection. Moreover, the effect was suggested to be highly specific since the drug almost
completely inhibited HSV-1 infection but did not affect HSV-2 infection.8,9 Further studies proved that the presence of
neomycin in the infected tissue at the time of infection almost completely blocked HSV-1 infection, while the addition of
the drug later does not affect the normal course of infection; also regarding its mechanism of anti-HSV-1 action evidence
suggests that neomycin exerts its effect by specifically inhibiting HSV-1 receptor binding.10 This was further proved by
another study that documented that neomycin exerts its effect by two mechanisms: firstly by partial inhibition of the
glycoprotein-C dependent binding of the virions, and secondly by inhibition of events that occur after binding the virus to
cells.11 Another effective drug is doxycycline, which was documented that when combined in low-dose with monocaprin,
it offers an effective treatment for herpes labialis, significantly reducing time to healing and pain.12 Moreover, it was
proved that topical application of neomycin in an in vivo model resulted in enhanced expression of antiviral interferon-
stimulated genes (ISGs) associated with a reduction in HSV-2 infection.13

Two antifungal drugs, posaconazole and ketoconazole showed activity against some strains of herpesviridae.
Posaconazole showed broad anti-human cytomegalovirus (HCMV) activities, even against strains resistant to viral
DNA polymerase inhibitor drugs. It was also observed that posaconazole increased the anti-HCMV activity of ganci-
clovir to tenfold its activity, indicating that posaconazole act synergistically with ganciclovir in inhibiting HCMV

Figure 1 Suggested stages of viral infection at which approved antimicrobial agents exert their antiviral effect.
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replication.14 On the other hand, ketoconazole showed activity against herpes simplex virus (HSV), as treatment of
human lung cells infected with HSV-1 and −2 with ketoconazole resulted in a dose-dependent reduction in viral titer.15

Quinine, an antimalarial drug, also showed in vitro activity against HSV-1, as demonstrated by a decrease in virus
plaques. It was suggested that the quinine exerts its antiviral effect by acting indirectly on the host cells by inducing a
cellular defense mechanism that can interfere with multiple events during the virus replication cycle, besides nuclear
factor kappa-B (NF-kB) inhibition induced by quinine blocks the gene expression and causes a considerable reduction in
the viral infection. It was stated that this indirect mode of action by affecting host cells decreases the chance of viruses
becoming resistant to the drug.16

Drugs Acting on Flaviviridae Viruses
Some drugs belonging to the macrolides, tetracyclines, quinolones, aminoglycosides, and cyclic lipopeptide antibiotics,
in addition to some antimalarial and antifungal drugs showed ability to inhibit some Flaviviridae viruses.

Three members of the macrolide antibiotics showed activity against some Flaviviridae viruses. One of them is
erythromycin which demonstrated activity against zika virus (ZIKV) both in vitro and in vivo more over the drug was
able to protect against vertical transmission of ZIKV in pregnant mice, additionally to be able to inhibit dengue virus
(DENV) and yellow fever virus (YFV). In terms of the mechanism of action by which erythromycin affects ZIKV, the
drug inhibits viral entry by disrupting viral membrane integrity, resulting in loss of viral infectivity.17 Azithromycin,
which is another macrolide antibiotic, was also able to inhibit replication of ZIKV in different in vitro models,18,19 in
addition to its ability to inhibit ZIKV infection in vivo as shown in a study that documented that azithromycin was able to
prevent zika virus-induced lethality in the suckling mouse model.20 Fidaxomicin also showed potential inhibitory
interaction with RNA-dependent RNA polymerase (RdRp) of ZIKV in an in silico model, suggesting its probability of
acting as a potential RdRp inhibitor.21

Regarding the effect of tetracycline antibiotics on Flaviviridae viruses, two drugs of this class (demeclocycline and
minocycline) showed activity against the West Nile virus (WNV) in vitro, with further investigation in the activity of
minocycline showing that additionally to reducing WNV titer in tested cell lines the drug was also able to inhibit WNV
induced apoptosis and suppress virus-induced activation of c-Jun N-terminal kinase (JNK) and its target c-Jun.22 It was
also documented that the anti-inflammatory environment induced by minocycline reduced viral cytotoxicity during WNV
infection in ex vivo central nervous system (CNS) tissue.23 Japanese encephalitis virus (JEV) was also affected by
minocycline as the drug showed protective effects in mice infected with JEV demonstrated by a reduction in neuronal
apoptosis, microglial activation, active caspase activity, pro-inflammatory mediators, and viral titer.24 Additionally, it was
documented that minocycline inhibited the reactive oxygen species (ROS) production associated with JEV infection.25

The spectrum of tetracycline antibiotics against the Flaviviridae viruses also included the DENV as minocycline affected
the DENV infection at different stages, such as viral RNA synthesis and intracellular envelope protein expression.
Minocycline also modulated host factors, including the phosphorylation of extracellular signal-regulated kinase 1/2
(ERK1/2).26 On the other hand, doxycycline demonstrated in vitro inhibitory effects against DENV propagation. Also,
the in silico findings showed its ability to interact with critical residues that affect membrane fusion during viral entry.26

In vitro studies also documented that doxycycline could inhibit the DENV serine protease (DENV2 NS2B-NS3pro), and
its ability to decrease the virus titter significantly inhibited viral entry and reduce post-infection viral replication.27

Other antibacterial agents also showed antiviral activity against some Flaviviridae viruses, such as ofloxacin, a
fluoroquinolone antibiotic effect on hepatitis C virus (HCV), as Ofloxacin was remarkably effective in inhibiting HCV
RNA in Huh-7 cells infection in vitro model.28 Moreover, previous clinical results suggested that combination therapy of
IFN and ofloxacin may be effective for hepatitis C management.29–31 However, some other findings indicated that the
combined administration of α-interferon and ofloxacin to patients with chronic hepatitis C who have not responded to
α-interferon alone does not increase the primary virological response rate.32 Another drug with an unconfirmed antiviral
effect is daptomycin, a cyclic lipopeptide antibiotic, as some findings documented that daptomycin could be identified as
an inhibitor of ZIKV infection in vitro activity against ZIKV strain.33 Other findings stated that treatment with
daptomycin was insufficient to lower the percentage of infected cells in vitro below 46% even at the highest dose in
the tested cell type.19 Furthermore, neomycin, an aminoglycoside antibiotic, showed the ability to enhance the expression
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of antiviral interferon-stimulated genes (ISGs) associated with a reduction in ZIKV RNA level after topical application in
an in vivo animal model.13

The inhibitory effect against Flaviviridae viruses was also detected with some antifungal drugs, as an example
amphotericin B inhibited the replication of JEV with the reduction in both plaque size and number of the infected cells in
a dose-dependent manner. It was indicated that the drug acts at the post-virus-infection step, but not during adsorption of
virus to host cells.34 Amphotericin B also causes significant ultrastructural and biochemical changes in hepatitis B virus
(HBV) particles, and hepatitis B surface antigen (HBsAg) particles disruption into a nonparticulate HBsAg-reactive
fraction and a HBsAg-AmB complex fraction with no HBsAg immunoreactivity.35 The effect of amphotericin B on HBV
was also observed in another study, as it stated that amphotericin B and ketoconazole exhibited a dose-dependent
decrease in the production of HBsAg particles by the human hepatoma cell line in vitro paralleled by a reduction in
cellular protein synthesis.36 HCV was also subjected to inhibition by an antifungal drug, as a previous study documented
that the replication of a subgenomic hepatitis C virus genotype 1b (HCV-1b) replicon can be suppressed by griseofulvin.
It decreased the replicon RNA titer in Huh7/Rep-Feo cells in vitro in a dose-dependent manner, and it was proved that
griseofulvin induces G2/M cell cycle arrest in HCV replicon cells. Moreover, it was found that the effect of the
griseofulvin and IFNα combination on HCV-RNA replication is strongly synergistic.37 Lastly, posaconazole was able
to inhibit replication of multiple serotypes of DENV and ZIKV, and reduced viral RNA replication, but not translation of
the viral genome, with a suggestion that oxysterol-binding protein (OSBP) mediates the antiviral activity of
posaconazole.38

Some antimalarial drugs also showed activity against some Flaviviridae viruses, such as mefloquine which showed
activity against DENV39 and ZIKV.33,39 Chloroquine also showed activity against DENV40–42 and ZIKV,43,44 in addition
to its activity against HCVas demonstrated by in vitro experiments that screened the antiviral activity of chloroquine and
hydroxychloroquine against HCV in Huh-5-2 cells, in which both drugs were able to reduce the HCV-RNA.45 The
additional finding confirmed this inhibitory effect of chloroquine against HCV, which stated that combining chloroquine
with IFNα exerts a synergistic effect against HCV.46 Another antimalarial drug that showed antiviral activity is
atovaquone, which showed antiviral activity against ZIKV and chikungunya virus in Vero cells at small concentrations.
The observed antiviral effect was suggested to be via depletion of nucleotides blocking pyrimidine biosynthesis.47

Another study also confirmed this inhibitory effect of atovaquone on ZIKV and chikungunya virus virion production in
human cells, and stated that the antiviral effect of the drug occurred early during infection at the initial steps of viral RNA
replication. These findings were further proved using an ex vivo human placental tissue model in which atovaquone was
able to limit ZIKV infection in a dose-dependent manner.48 Furthermore, quinine showed the ability to inhibit DENV
replication in three different cell lines of human origin, this was associated with a reduction in viral RNA and viral
protein synthesis in a dose-dependent manner, and it was suggested that quinine have the efficacy for stimulating antiviral
genes to reduce DENV replication.49

Drugs Acting on Coronaviridae Viruses
Three tetracycline antibiotics showed effect on SARS-CoV-2 in an in silico target-based virtual ligand screening. It was
documented that lymecycline and oxytetracycline showed high binding affinity to 3C-like protease (3CLpro).
Lymecycline was also predicted to be helicase inhibitors, whereas tigecycline and chloramphenicol (another bacterial
protein-synthesis inhibitor) showed high binding affinity to papain-like protease (PLpro).50 There was an inconsistency in
the clinical findings regarding macrolide antibiotics as a clinical trial study conducted on SARS-CoV-2 infected patients
found that azithromycin added to hydroxychloroquine was significantly more efficient for virus elimination than
hydroxychloroquine treatment as a single drug.51 In contrast, another study reported no benefit with the combination
of hydroxychloroquine plus azithromycin at the same dose scheme reported in the previous study.52 Regardless of the
clinical trial studies, the combination of hydroxychloroquine and azithromycin showed in vitro synergistic effect on
SARS-CoV-2 at concentrations compatible with that obtained in the human lung.53 Besides, azithromycin by itself
showed clear in vitro antiviral activity against SARS-CoV-2,54 also knowing that azithromycin is an acidotropic
lipophilic weak base some studies were carried out on the drug itself to understand the mechanism of its antiviral effect
on SARS-CoV-2. The results revealed that it could correct organellar pH in cystic fibrosis (CF) lung epithelial cells. It
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can also correct CF cell-autonomous innate immunity-related properties and responses, correct furin activity, and
transform growth factor-β (TGF-β) levels in CF cells.55

In silico studies also documented that fidaxomicin could be a potential inhibitor for RdRp, as it showed potential
inhibitory interaction with RdRp of SARS-CoV-2.56 Quinolone antibiotics also demonstrated antiviral effect against
Coronaviridae viruses as recently it was documented that ciprofloxacin acts as acidotropic lipophilic weak bases and
shows in vitro effects on intracellular organelles. It showed the ability to correct the pH of acidified intracellular
compartments in CF respiratory epithelial cells, indicating that the drug could act on the intracellular organelles pH in
respiratory epithelial cells, a highly relevant target for SARS-CoV-2.55 Also, an in silico study showed that ciprofloxacin
and moxifloxacin exert a strong capacity for binding to SARS-CoV-2 main protease (Mpro), as it binds to the protein
active site more strongly than native ligand, suggesting that the drug may be a potential inhibitor of the tested protease.57

Additionally, clinical findings documented that treating SARS-CoV-2 infection with moxifloxacin and arbidol could help
reduce viral load and inflammation during infection.58 Moreover, some antimycobacterial drugs also demonstrated
activity against Coronaviridae viruses, such as rifampicin which appeared as a promising drug showing good binding
energy to SARS-COV-2 Mpro in a molecular docking study,59 also clofazimine showed in vitro activity against the
proliferation of feline infectious peritonitis (FIP) virus in Fcwf-4 cells,60 and in a study about the effect of clofazimine on
SARS-CoV-2 infection the drug appeared to suppress isolated single infected cells (ROI 4), while a small number of
syncytia (ROI 3) were still observable suggesting a replication inhibition.61

Antifungal drugs also showed antiviral activity against Coronaviridae viruses, as an in silico study stated that
caspofungin is predicted to be a potential inhibitor against SARS-CoV Mpro and SARS-CoV-2 Mpro, and having an
affinity for both viruses Mpro may indicate the potential of this drug as an inhibitor for other coronaviruses with similar
Mpro binding sites and pocket structures.62 Also, caspofungin showed ability to bind with SARS-CoV-2 nsp12 protein
and block the polymerase activity in vitro, and it was documented that the drug could effectively inhibit SARS-CoV-2
replication in vitro.63 Another drug is clioquinol which was identified as a potent inhibitor of SARS-CoV-2 infection-
induced cytopathic effect in vitro. In addition, all three compounds showed potent anti-exopeptidase activity against
recombinant human angiotensin-converting enzyme 2 (rhACE2) and inhibited the binding of rhACE2 with SARS-CoV-2
Spike receptor-binding domain (RBD) protein, and it showed a strong correlation with inhibition of rhACE2 and
rhACE2-RBD interaction.64

SARS-CoV-2 virus Mpro was also targeted by mebendazole, an anthelmintic drug, as an in silico study showed that
mebendazole exhibited high binding affinity with mebendazole SARS-CoV-2 virus Mpro binding pocket, and it also
showed activity against the virus in vitro in Vero E6 cells.65

Drugs Acting on Orthomyxoviridae Viruses
In vivo studies documented that neomycin significantly increases survival against influenza A virus A/PR8 (hvPR8)
infection as observed in a respiratory tract infection model.13 Some members of the macrolide antibiotics also showed
activity against influenza A virus, one of them is azithromycin which showed activity against the pandemic influenza
2009 (A(H1N1)pdm09) in vitro as the study showed that progeny virus replication was remarkably inhibited by treating
viruses with azithromycin before infection; however, azithromycin administration after infection did not affect this
process, and the mechanism of action was suggested to be by blocking viral internalization into host cells during the early
phase of infection and targeting newly budded progeny virus from the host cells and inactivated their endocytic activity,
while in vivo intranasal administration of azithromycin to influenza A (H1N1)pdm09 virus-infected mice successfully
reduced viral load in the lungs and relieved infection-induced hypothermia.66 Also, clinical studies showed that
combination therapy of oseltamivir with azithromycin demonstrated more efficacy in treating influenza A(H1N1)
infected patients than using oseltamivir alone.67,68 Another macrolide antibiotic that showed activity against influenza
A virus is clarithromycin which showed a significant inhibitory effect on influenza A virus infection in vitro; more
specifically, the antiviral effect was detected when the infected cells were treated with clarithromycin after viral
adsorption. Also, clarithromycin did not affect influenza virus hemagglutination, membrane fusion, and viral sialidase
activities, which indicate that clarithromycin acts on the middle to late stage of the viral replication cycle resulting in
inhibition of progeny virus production from the infected cells.69 Clarithromycin also was able to reduce viral titers and

Journal of Experimental Pharmacology 2022:14 https://doi.org/10.2147/JEP.S346006

DovePress
103

Dovepress Abdulaziz et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the content of cytokines in cultured human tracheal epithelial cells infected with influenza A virus (H3N2), along with the
reduction in viral RNA in the cells, susceptibility to virus infection, and reduced NF-kB proteins.70 Clarithromycin’s
prophylactic and therapeutic efficacy was examined against avian influenza virus (H5N1) and (H7N9) infections in
cynomolgus monkeys; it suppressed H5N1 virus-induced severe signs of disease in the treated monkeys. It also inhibited
virus propagation in tracheal samples and the production of inflammatory cytokines in the lungs of monkeys infected
with H5N1 and H7N9 viruses.71 The prophylactic administration of clarithromycin showed more suppressive effects on
clinical signs of disease and viral titers than the therapeutic administration.71

Additionally, some tetracyclines also demonstrated activity against the influenza A virus, such as minocycline, which
inhibited H7N9 influenza A virus replication in silico and in vitro.72 A combination of doxycycline with oseltamivir
synergizes against swine flu (H1N1 influenza A virus) infection,73 while in vivo studies have indicated that treatment
with doxycycline attenuates treatment attenuates acute lung injury in mice infected with virulent influenza H3N2 virus.74

On the other hand, rifampicin showed inconsistent findings as it was able to inhibit hemagglutinating and infective virus
yields of influenza A/PR/8/34 (HONl) infection in embryonated eggs,75 but the drug showed limited activity against the
virus in vivo.76

Some antifungal drugs also showed activity against influenza A viruses as in an in vitro study itraconazole and
posaconazole efficiently inhibited the propagation of Influenza A virus (IAV) in the cell culture model without being
cytotoxic. The mode of action of itraconazole was suggested to be based on several targets and includes both priming of
the interferon response and the induced imbalance of cellular cholesterol. Also, the antiviral effect of itraconazole was
confirmed in the mouse model, where the administration of itraconazole led to a drastic reduction in mortality and a
significant increase in the survival rate.77

Influenza A virus replication was also inhibited by the antimalarial drug chloroquine in vitro, with the IC50s of
chloroquine against influenza A viruses H1N1 and H3N2 being lower than the plasma concentrations reached during
treatment of acute malaria.78 Quinine also showed activity against influenza A virus, as it showed slight but consistent
inhibiting activity on the course of influenza virus infection in mice,79 This activity against influenza A virus was also
observed against the strain H1N1/2009 virus replication in vitro, with both chloroquine and quinine being identified as
lysosomotropic alkalinizing agent.80

Drugs Acting on Picornaviridae Viruses
Some macrolide antibiotics demonstrated activity against some picornaviridae viruses, such as azithromycin, which was
documented to possess anti-rhinoviral activity in bronchial epithelial cells as shown in a study that used in vitro models
of normal primary human bronchial epithelial cell (HBEC) culture.16 It significantly reduced rhinovirus replication and
release; the drug also increased rhinovirus-1B and rhinovirus-16 induced interferons and interferon-stimulated gene
mRNA expression and protein production.81 Another drug is clarithromycin which showed effect on rhinovirus infection
in A549 alveolar epithelial cells in vitro, the study documented that clarithromycin could inhibit the rhinovirus induced
increase in intercellular adhesion molecule (ICAM-1) mRNA and protein, as well as the rhinovirus induced secretion of
IL-1b, IL-6, and IL-8, and an overall reduction in rhinovirus titer, with the degree of reduction in virus titer being greater
in cells pretreated with clarithromycin than in cells administered with clarithromycin at the time of the infection.82

Another study also documented the ability of clarithromycin to inhibit rhinovirus-induced expression of host cell
adhesion molecules, including fibronectin and carcinoembryonic antigen-related cell adhesion molecules, subsequently
preventing secondary bacterial infections in rhinovirus infected cells.83 Despite these positive in vitro findings, a
randomized, double-blind, controlled clinical trial showed that clarithromycin treatment has little or no effect on the
severity of cold symptoms or the intensity of neutrophilic nasal inflammation in experimental rhinovirus-16 colds. Many
factors could have accounted for the lack of anti-inflammatory effect in this clinical study, such as the nature of the
stimulus used, interspecies differences, variations in the response of the nasal and tracheal airways, and the effect of the
duration of antibiotic therapy on the immune response.84 Erythromycin also showed the ability to reduce the viral titers
and RNA of rhinovirus in infected cultured human tracheal epithelial cells in vitro. Also, it decreased the number of
acidic endosomes in the infected epithelial cells. It was suggested that erythromycin inhibits rhinovirus infection by
reducing ICAM-1, partly due to the inhibition of activated NF-kB and blocking the rhinovirus RNA entry into the
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endosomes.85 Another study of the effect of erythromycin on rhinovirus infected human tracheal epithelial cells
documented that erythromycin was able to block rhinovirus-induced Mucin 5AC (MUC5AC) protein over production
and hypersecretion, and also blocked rhinovirus-induced mitogen-activated protein kinase (p44/42 MAPK) activation in
the cells.86

Levofloxacin pretreatment of human tracheal epithelial cells infected with rhinoviruses decreased the mRNA level of
ICAM-1 in the cells and the concentration of the soluble form of ICAM-1 in the supernatant before rhinovirus infection,
it also decreased the number of the detected acidic endosomes from which rhinovirus RNA enters the cytoplasm, and
inhibited the activation of NF-kB proteins in nuclear extracts.87 In vitro study documented that sodium fusidate inhibited
both rhinoviruses and coxsackie virus A21 in human embryo lung cells and certain strains of an attenuated poliovirus
type 1 in HeLa cells. Despite these in vitro findings, sodium fusidate was unsuccessful in preventing coxsackie virus A21
infection in vivo.88

Dalbavancin, a glycopeptide antibacterial agent, was also documented as an inhibitor for replication of echovirus 1,
which is another member of picornaviridae most probably by inhibiting its entry to the cells.89 Another drug that affected
viruses from the picornaviridae is minocycline which was documented to have anti-inflammatory and antiviral effects in
enterovirus 71 infection, as the drug showed a reduction in cytokines, and inhibition of IL-6 and granulocyte colony-
stimulating factor (G-CSF) in plasma and tumor necrosis factor (TNF) in the cerebellum, also in vivo animal model
showed a decrease in mortality rates and viral titers in various brain tissues after minocycline treatment.90

Reviewing the effect of antifungal drugs against picornaviridae viruses showed that itraconazole have a wide range of
activity, for instance, human rhinovirus replication was reduced by itraconazole in vivo in infected mice model, the drug
also was able to suppress the inflammation associated with human rhinovirus infection as there was a reduction in the
number of immune cells in bronchoalveolar lavage fluid corresponding to decreased pro-inflammatory cytokine and
chemokine levels. Moreover, itraconazole nasal spray exhibited potent prophylactic antiviral activity against human
rhinovirus in vivo in mice model.91 In another study, itraconazole was also identified as an effective inhibitor of
enterovirus 71 replication and other enteroviruses, including coxsackievirus A16, coxsackievirus B3 poliovirus 1, and
enterovirus 68. It was proposed that the drug targets a step involved in RNA replication or polyprotein.92 Itraconazole
also demonstrated great potency against echovirus 30 as concentration a dependent activity. It was suggested that the
drug affected the initial stages of echovirus 30 infection through interference with viral replication,93 the antiviral activity
of itraconazole against parechovirus A3 was also confirmed in an in vitro study.94

Other antifungal drugs also showed activity against picornaviridae viruses, such as posaconazole which have a
molecular structure similar to that of itraconazole, as it exhibited anti-enterovirus 71 activity without being subject to
cross-resistance from itraconazole-resistant viruses.92 Also, an in vitro automated homogeneous cell-based assay study
identified posaconazole as an inhibitor of parechovirus A3 virus.94 Additionally, amphotericin B inhibited enterovirus 71
production parallel to profoundly diminishing the expression of viral RNA and viral proteins in vitro. Mechanistic studies
revealed that Amphotericin B targeted the early stage of enterovirus 71 infections by impairing the virus’s attachment and
internalizations by host cells.95 Micafungin also showed a potent inhibitory effect on the proliferation of enterovirus 71
as well as the replication of enterovirus 71 replicons in cells.96

Some picornaviridae viruses also showed sensitivity toward chloroquine, as the drug showed the ability to redirect
the processing of input virions without interfering with productive uncoating, as shown in an in vitro experiment against
poliovirus type 1, in which chloroquine redirected the production of eclipse products from 135 and 110S particles
(containing RNA) to 80S particles (without RNA) meanwhile viral protein synthesis and virion production remained
unaffected.97 Moreover, chloroquine also showed activity in in vitro studies against enterovirus 71.98,99

Drugs Acting on Retroviridae Viruses
Many in vitro and in vivo studies were conducted to assess the antiviral effect of minocycline against some Retroviridae
viruses. An in vivo study about the effect of minocycline on simian immunodeficiency virus (SIV) infected pigtailed
macaques showed that minocycline was able to reduce the severity of encephalitis associated with SIV infection,
suppressed viral load in the brain, and decreased the expression of CNS inflammatory markers, also cell culture In
vitro study showed that minocycline inhibited SIV and HIV replication.100 Another study on treating SIV-infected rhesus
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macaques with minocycline showed that the drug exhibited significant neuroprotection associated with a decrease in
cerebrospinal and plasma viral loads.101 Besides, minocycline which has antioxidant activity, also has a protective effect
on dopamine homeostasis when administered at an appropriate time in SIV neuropathogenesis.102 Another study on the
effect of minocycline on HIV infection suggested that minocycline could be included in the class of anticellular anti-HIV
drugs as the antiviral effects of the drug were found to be mediated by altering the cellular environment rather than
directly targeting virus, it was found that minocycline mediated a dose-dependent decrease in single-cycle C-X-C
chemokine receptor type 4 (CXCR4) tropic HIV infection and decreased viral RNA after infection of CD4+ T cells
with HIV NL4–3, viral reactivation from latency was also decreased in a primary CD4+ T cell-derived model and in
resting CD4+ T cells from HIV infected patients, generally minocycline treatment resulted in significant changes in
activation marker expression and inhibited proliferation and cytokine secretion of CD4+ T cells in response to
activation,103 Furthermore, another research also documented that treatment with minocycline resulted in a significant
decrease of expression of cellular and plasma immune activation markers, inhibition of HIV replication and improved
T-cell counts in HIV-infected humanized NOD scid gamma (NSG) mice.104 On the other hand, an early report
documented the antiviral activity of both minocycline and doxycycline against HIV in human acute lymphoblastic
T-cell leukemia CEM cells.105,106 Furthermore, results of an in vitro study showed that doxycycline possesses antimurine
retrovirus activity as it was able to reduce the viral titer at a concentration usually achieved in serum to obtain
antibacterial activity.107

Some other antibacterial drugs also showed activity against the human immunodeficiency virus, such as neomycin
which demonstrated ability to inhibit HIV production in a chronically infected cell line. The drug showed the ability to
block binding of the HIV Rev (regulator of expression of virion) protein (one of the viral regulatory proteins) to its viral
RNA recognition element, which could be correlated to its antiviral action.108 Another HIV-1 regulatory protein, HIV-1
Tat (trans-activator of transcription), was also subject to neomycin action as the drug was able to inhibit the binding of
Tat-derived peptides to the trans-activating region (TAR) of HIV-1 RNA.109–111 Also, an in vitro study using a line of
lymphoblastic cells (CEM cells) to evaluate the effect of ofloxacin on HIV-1 infection showed that the drug protected the
infected cells from HIV-1-mediated cytolysis, and it was detected that the D-isomer of ofloxacin was about 50-fold less
effective than the L-isomer.112 Also, the direct anti-HIV activity of fusidic acid was demonstrated in vitro as the drug
resulted in inhibition of syncytial formation and reverse transcriptase (RT) of viruses from three isolates (CBL-1, H9RF,
and ARV-2) in C8166 cells.113 Another study confirmed the effect of fusidic acid on HIV infection as it showed that
fusidic acid reduced the reverse transcriptase levels in supernatants of HIV-1 infected cell cultures.114 Despite these
promising results, another study documented that fusidic acid was ineffective against HIV in both in vivo and in vitro
human and murine assay systems.115 Another drug that showed activity against HIV is gramicidin, which is antiviral in
vitro was documented in previous research.116,117 Finally, it was also found that L-cycloserine (L-CS) inhibits HIV-1
replication in a CD4+ lymphoid cell line (CEM) as documented by the reduction of syncytium formation, the number of
HIV-1 infected cells, and p24 protein production.118

On the other hand, several researches investigated the effect of chloroquine and hydroxychloroquine on HIV. An early
in vitro study showed that treatment of HIV-1 and avian reticuloendotheliosis virus (REV-A) infected cells with
chloroquine resulted in a significant size reduction of the cell and virus-associated surface glycoproteins, gp90 of
REV-A and gpl20 of HIV-1, also chloroquine treatment resulted in the majority of the virions released being non-
infectious and the total virus yield was also reduced, and the understanding of the obtained data suggested that
chloroquine inhibition of infectious virus production is most likely due to interference with terminal glycosylation in
the trans-Golgi network.119 Moreover, chloroquine showed an additive antiretroviral effect in vitro when combined with
didanosine and hydroxyurea.120 Chloroquine also showed activity against HIV-1 integrase.121 Additionally, a previous in
vitro study stated that chloroquine inhibits HIV-1 post integrationally by affecting newly produced viral envelope
glycoproteins, and the drug has broad-spectrum anti-HIV-1 and HIV-2 activity at clinically achievable concentrations.122

Also, a clinical observation study stated that random maternal chloroquine use might be associated with a decreased rate
of HIV vertical transmission.123 Moreover, it was shown that chloroquine reduced HIV-1 replication in CD4+
T-lymphocytes, associated with modulation of the gp120 structure, and HIV-1 produced in the presence of chloroquine
characterized by reduced capacity for transfer by Raji-DC-SIGN cells to CD4+ T-lymphocytes.124 Hydroxychloroquine
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also showed ability to suppress HIV-l replication in vitro in T cells and monocytes by inhibiting post-transcriptional
modification of the virus; also a randomized, double-blind, placebo-controlled clinical trial showed that the amount of
recoverable HIV-l RNA in plasma of hydroxychloroquine treated patients declined significantly.125 Another in vitro study
also confirmed the inhibitory effect of hydroxychloroquine on HIV-1 replication in the primary T cells and monocytes as
well as the T cell and monocytic cell lines.126 Other clinical observations also support the suggestion of the usefulness of
treating HIV-1 infected patients with hydroxychloroquine.127 Further in vitro investigation showed that hydroxychlor-
oquine demonstrates anti-HIV activity by increasing endosomal pH in a dose-dependent manner similar to that of
chloroquine which inhibits the post-transcriptional production of gpl20.128

Pyrimethamine, another antiprotozoal medication, demonstrated in vitro antiviral activity against HIV. It was
documented that pyrimethamine significantly enhances HIV-1 replication by affecting the cellular machinery, facilitating
S-phase accumulation. However, it also showed the ability to potentiate the susceptibility of HIV to antiretroviral therapy
as it increased zidovudine and stavudine antiviral activity by approximately 4-folds.129

Drugs Acting on Togaviridae Viruses
Few studies were conducted to evaluate the antiviral activity of some antimicrobial agents against members of the
Togaviridae family. For instance, an in vitro study documented that doxycycline showed a high ability to inhibit
chikungunya virus (CHIKV) infectivity and entry, also docking studies of doxycycline to viral cysteine protease and
E2 envelope protein showed non-competitive interaction. Besides, assays using mice as animal models revealed that a
combination of doxycycline and ribavirin effectively inhibited CHIKV replication and attenuated its infectivity in
vivo.130 Also, a study in a murine model of fatal alphavirus encephalomyelitis showed that minocycline displayed
significant protection against both paralysis and death, even when started after viral challenge, and despite having no
effect on CNS virus replication or spread, it was also documented that minocycline inhibited early virus-induced
microglial activation, in addition, the diminished CNS production of the inflammatory mediator interleukin (IL)-1β
contributed to its protective effect.131

Some antifungal drugs also showed activity against Togaviridae viruses, such as micafungin, which showed the
ability to counter CHIKV induced cytopathic effects. It was able to limit virus replication and release cell-to-cell
transmission and slightly affected virus stability at high doses treatment. In silico studies indicated that micafungin
could bind with CHIKV envelope proteins. Moreover, micafungin showed in vitro inhibitory effect against Sindbis virus
and Semliki forest virus.132 Also, amphotericin B in a formulation with sodium deoxycholate (an emulsifying agent)
inhibited plaque formation by rubella virus in rabbit kidney 13 cells in both size and number, and the antiviral effect
observed on rubella virus was attributable to amphotericin B.133

Other drugs that affected Togaviridae viruses include atovaquone which showed antiviral activity against CHIKV in
Vero cells at small concentrations, and the observed antiviral effect was suggested to be via depletion of nucleotides
blocking pyrimidine biosynthesis.47 Another study also confirmed this inhibitory effect of atovaquone on chikungunya
virion production in human cells and stated that the antiviral effect of the drug occurred early during infection at the
initial steps of viral RNA replication.48 Moreover, chloroquine also showed in vitro activities against CHIKV.49,134,135

Drugs Acting on Polyomaviridae Viruses
Most of the drugs that showed activity against Polyomaviridae viruses were members of the quinolone antibacterial
agents. Starting from ciprofloxacin, for which a clinical observation report documented that progressive reduction in
human polyomavirus BK (BKV) replication was observed in a patient who underwent ciprofloxacin treatment concur-
rently with an increase of immunosuppressive therapy, the effect was detected as a decrease in the BKV load in both
urinary and circulatory compartments.136 This observation came in line with other previous clinical cases that showed the
ability of ciprofloxacin to decrease BKV load in patients who underwent transplantation.137–139 Aside from clinical
observations, in vitro study also documented the effect of ciprofloxacin on BKV, as ciprofloxacin was able to inhibit the
viral replication in infected cultured salivary gland cells and Vero cells. It was able to decrease T antigen (T Ag) and
capsid protein (VP1) mRNA expression associated with a decrease in T Ag protein expression and intracellular DNA
replication and decrease in progeny release.140 This finding was augmented with another study that documented the
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antiviral activity of ciprofloxacin against the BK virus, as the drug showed the ability to inhibit the viral replication in the
in vitro culture in Vero cell line.141 Although some findings suggest that the effect of ciprofloxacin on BKV is only
modest with a selectivity index lower than 10.0 (the ratio of the 50% reduction in host cell replication value to the 50%
virus inhibitory concentration value), it was still proposed that ciprofloxacin might be more effective as prophylaxis
against hemorrhagic cystitis caused by BKV.142 Additionally, both ciprofloxacin, levofloxacin, and ofloxacin were
effective in the inhibition of simian virus 40 (SV40) plaque formations and DNA replication in CV1-P cell line. It
was inhibitory to the helicase activity of SV40 large tumor antigen, suggesting that the drug might be useful in the
treatment and/or prevention of infection by SV40 homologous human DNA viruses that encode helicase activity for their
survival.143

Also, regarding the effect of levofloxacin, a clinical observation study of BKV associated hemorrhagic cystitis
patients, it was documented that the hemorrhagic cystitis was resolved in the observed patients using oral levofloxacin.144

On the other hand, there were inconsistent clinical results about the effect of levofloxacin on BKV viral load, as on one
side, it was found that the prophylactic effect of levofloxacin against BKV viremia was observed clinically.139 In
contrast, another clinical observation did not support the use of levofloxacin to decrease BKV viral infection in the post-
transplant setting as it did not show an effect on BKV viruria, but there was increased bacterial resistance in the
levofloxacin group.145 In vitro studies about the effect of levofloxacin on the replication of BKV in renal proximal tubular
epithelial cells (RPTECs) revealed that although levofloxacin does not eradicate BKV replication in RPTECs, it could
inhibit BKV viral load in a dose-dependent manner associated with inhibition of cellular DNA replication and total
metabolic activity without significant host cell cytotoxicity, with a suggestion that the action may be associated with
inhibition of BKV large T antigen (LT-Ag) protein expression or function and inhibition of cellular enzymes.146

Mefloquine showed the ability to inhibit the viral infection rates of a range of John Cunningham virus (JC virus)
isolates in different cell types without blocking viral cell entry; instead, it inhibits viral replication in cells after viral
entry.147 Although later on, a review for the clinical study researches about the therapeutic effect of mefloquine against
JC virus showed contradictory results.148 Fusidic acid also showed antiviral activity against the JC virus in vitro and
clinically in a case report.147,149

Drugs Acting on Other DNA Viruses
Viruses in this category include vaccinia virus, poxvirus, adenoviruses, and cyprinid herpes virus. Ofloxacin showed
inhibitory activity against vaccinia virus both in vitro (in cultured mammalian cells) and in vivo (prevented the formation of
pox tail lesions in vaccinia virus-infected mice). It was documented that ofloxacin is more inhibitory to vaccinia virus
topoisomerase than cellular topoisomerases.150 Vaccinia virus was also sensitive toward rifampicin as the inhibitory effect
of rifampicin against vaccinia virus replication has been documented in several previous studies.151–157 Also, in silico
studies showed that rifampicin blocks the membrane-proximal channel and inhibits poxvirus viral morphogenesis.158

Moreover, an in vivo study on male hamsters stated that the proper use of rifampicin could affect the induction of tumors by
adenovirus 12 in the animals.159 Finally, the antiviral activity of neomycin sulfate was also proved in bony fish (crucian
carp) against cyprinid herpes virus-2 as the drug was able to inhibit the viral replication and protect it from the infection.160

Drugs Acting on Other RNA Viruses
The reviewed studies in this section include research on the respiratory syncytial virus, Newcastle disease virus, rabies
virus, vesicular stomatitis virus, rotavirus, reovirus, Ebola virus, rift valley fever phlebovirus, and Crimean-Congo
hemorrhagic fever virus (CCHFV). One of the drugs to be mentioned is clarithromycin, which was able to reduce
respiratory syncytial virus titers and viral RNA in infected human tracheal epithelial cells in an in vitro experimental
model, reducing the susceptibility to respiratory syncytial virus infection and concentrations of cytokines induced by a
virus infection. Clarithromycin exerts its inhibitory effect on respiratory syncytial virus partly through reducing expres-
sion of isoform A of the Rashomologus (Rho) family (RhoA), which is the receptor for respiratory syncytial virus fusion
protein (F protein).161 Minocycline also reduced the respiratory syncytial virus-mediated cytopathic effect and prevented
respiratory syncytial virus infection.162 It also showed the ability to delay disease onset and progression in reovirus
encephalitis, even though it does not prevent the development of fatal reovirus encephalitis. It was suggested that the
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effect exerted by minocycline is more likely due to its anti-apoptotic properties.163 The drug also showed activity against
the Rift valley fever virus in an in vitro screening.89

On the other hand, doxycycline showed activity against vesicular stomatitis virus as it was able to significantly inhibit
vesicular stomatitis virus replication and the viral-induced cytopathic effect in a dose-dependent manner. It was noted
that the drug exerted its antiviral effect at the early-mid stage of vesicular stomatitis virus infection, suggesting that it did
not interfere with the virus infectivity, adsorption, or entry into target cells.164 Moreover, an in silico study proposed
doxycycline as a potential inhibitor of CCHFV nucleoprotein.165 Neomycin also affected bovine rotavirus, reducing the
virus cytopathogenicity, virus titer, and viral RNA concentration in a dose-dependent manner.166 Furthermore, glycopep-
tide antibacterial drugs demonstrated antiviral activity against the Ebola virus (EBOV), as results of an in vitro high
throughput screening test for antiviral activity showed that teicoplanin, dalbavancin, oritavancin, and telavancin exhibit
broad antiviral activity. They were able to affect the infection model of the envelope pseudotyped viruses representing
EBOV by inhibiting virus entry to the cell through inhibiting cathepsin L enzymatic activity, which is essential for these
viruses’ entry.167 Another study confirmed the activity of teicoplanin as an inhibitor of EBOV pseudovirus in cell culture
by blocking viral entry.168

Mefloquine was also identified as an effective blocker for EBOVentry and was further validated for inhibition of live
EBOV infection. It was documented that the drug exhibited potent inhibition of NAADP-AM stimulated lysosomal
calcium release and inhibited acid sphingomyelinase function.169 Another drug to be mentioned is primaquine which
showed activity against Newcastle disease virus as the activity was observed in an in vitro study, in which the addition of
primaquine inhibited the production of infectious progeny virus. It was reported that there was inhibition in viral
ribonucleic acid synthesis when the drug was added early in the virus replication cycle, primaquine was also able to
retard the incorporation of 14C amino acids into proteins of virus-infected cells, and it was suggested that the major role
of primaquine as antiviral is through inhibition of protein synthesis.170 Finally, pyrimethamine showed an inhibitory
effect against rabies virus in vitro. Yet, it did not show efficacy when used for rabies infected-mice, and this was
explained by a suggestion that the antiviral effect was negated by the observed interference of pyrimethamine with the
innate immune response.171

Perspectives and Conclusion
Many published preclinical studies along with clinical observations and reports focused on the antiviral activity of
approved drugs originally belonging to the antibacterial, antifungal, antiprotozoal, and anthelmintic categories. Although
there is fear from losing the original activity of the drug due to resistance after repurposing for the antiviral activity,
especially with antibacterial drugs, but seeing that many drugs have promising antiviral activity also encourages
continuing the research in this area as it proved helpful in emergency and pandemic cases, with focusing also on
constructing systematic guidance for research in this area to prevent drugs misuse and loss of original activity. Also,
another useful approach is to consider these drugs as lead compounds and try to optimize their antiviral activity rather
than the original activity for which they were approved. However, this approach was not encouraged due to fear that
changes in the compound’s chemical structure may lead to loss of the antiviral activity found. However, if it successfully
goes, this may lead to discoveries for antiviral agents, mainly when focusing on drugs with multiple mechanisms for
antiviral activity.

Regarding the mechanism of antiviral activity, some classes of drugs showed diversity in the mechanism of antiviral
activity within their members, such as macrolide and tetracycline antibiotics. At the same time, some other classes
showed uniformity in the mechanism of antiviral activity of their members, such as the azole antifungal drugs, quinolone
antibiotics. One of the essential points that need focus is that many mechanistic researchers are taking the in silico
approach, which is less time-consuming and provides information that other models cannot obtain. However, it will be
more confirmative to have in vitro and in vivo models that strengthen the in silico studies’ findings and give chances for
observation of antiviral activity due to multiple or new mechanisms of action.
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