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Research development and progress of anti-influenza drug
combinations
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Abstract: Human influenza is mainly caused by influenza A virus and influenza B virus, and it is one of the
most serious infectious diseases that pose a serious threat to human health. Currently, there are few marketed drugs
for influenza viruses, and the existing drugs are faced with problems such as drug resistance. The development and
research of combinations of anti-influenza drugs have gradually attracted people's attention. At present, certain
progress has been made in aspects such as the discovery of anti-influenza drug combinations and the evaluation of
drug effects. Discovering effective combination drugs is an ideal method for repurposing old drugs. That can be
used to improve therapeutic effects and delay or reduce the occurrence of drug resistance. Herein, this article
introduces the evaluation methods, models of combinations of anti-influenza drugs, as well as available data
resources and tools, and summarizes the latest progress in the current research on combinations of anti-influenza
drugs, with the aim of providing a reference for the research and development of the combined application of
anti-influenza virus drugs.
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Table 1 Common tools and databases related to drug combination. ADMET: Absorption, distribution, metabolism, excretion, toxicity

Name Function and application

Website Reference

Synergyfinder3.0 A web-platform for interactive analysis and visualization of multi-drug

combination response data

Synergyfinderplus An interactive tool for analyzing drug combination dose-response data to

https://synergyfinder.fimm.fi [28]

https://www.synergyfinderplus.org/ [29]

facilitate better interpretation and annotation of drug combination screening

datasets

SynToxProfiler ~ An interactive networking tool for ranking HTS drug combinations based on https://syntoxprofiler.fimm.fi [38]
integrated efficacy, synergy and toxicity profiles

Synergy A Python library containing widely popular synergy models, a standard tool  https://pypi.org/project/synergy [39]
for analyzing and visualizing drug combination and synergistic effects

DrugBank A database containing comprehensive molecular information about drugs, https://www.drugbank.com [40]
their mechanisms, their interactions and their targets

DrugComb An integrative cancer drug combination database including screening data of https://DrugComb.org/ [41]
drug combination and prediction of the sensitivity and synergy of drug
combinations by algorithms

ChEMBL ChEMBL is a manually curated, high-quality, large-scale open data database https://www.ebi.ac.uk/chembl/
containing binding, functional and ADMET information for compounds [42]

KEGG KEGG is a manually curated resource integrating eighteen databases. KEGG https://www.kegg.jp/kegg/pathway.html [43]

mapping tools are helpful for understanding cellular and organism-level

functions from genome sequences and other molecular datasets

Gene Ontology A comprehensive resource concerning the functions of genes and gene https://geneontology.org/ [44]
products (proteins and noncoding RNAs)

STRING An online database that can comprehensively identify gene lists and func- https://string-db.org/ [45]
tional genomic datasets, and establish protein-protein association networks

CDCDB A continuously updated large-scale drug combination database, including https://icc.ise.bgu.ac.il/medical ai/ [46]
over 40 795 drug combinations CDCDB/

NPCDR Natural product-based drug combination and its disease-specific molecular  http://npcdr.idrblab.net/ [47]

regulation (NPCDR)
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Table 2 Targets and efficacies for antiviral drug combination therapy. RdRp: RNA-dependent RNA polymerase; TCAD: Triple combina-

tion antiviral drug; PKs: Pharmacokinetics; IMPDH: Inosine monophosphate dehydrogenase; IFN-a: Interferon-alpha; NAI: Neuraminidase

inhibitor
Drug Combination Target Efficacy evaluating Efficacy Reference
model
Oseltamivir Zanamivir Neuraminidase In vitro, in mice Effective in the NAl-resistant influenza strains ~ [57,58]
(in vitro)
Not superior to zanamivir monotherapy (in mice)
Peramivir Neuraminidase In vitro, in mice Synergistic antiviral effects [53]
Clinical Not superior to oseltamivir monotherapy [59]
Baloxavir  NAls Cap-dependent endonuclease &  In vitro Synergistic antiviral effects [13,60]
neuraminidase Clinical Not superior to NAIs alone [61]
Oseltamivir Cap-dependent endonuclease &  In mice Improved antiviral activity [60]
neuraminidase In mice, in ferret Against baloxavir PA-resistant influenza [13,15]
Amantadine Oseltamivir + M2 ion channel, neuraminidase & In vitro Synergistic antiviral effects and suppressing [62-64]
ribavirin RdRp resistance
Clinical TCAD therapy had similar PKs to monotherapy [65]
Significant decrease in viral shedding (Clinical) [66]
Favipiravir Peramivir RdRp & neuraminidase In mice Effective in the oseltamivir-resistant influenza ~ [67]
virus infection
Oseltamivir Nitazoxanide Neuraminidase & hemagglutinin  In vitro Synergistic antiviral effects [11,68]
In ferret Synergistic effects only in preventing infection  [11]
Clinical No improved effects in hospitalized patients [69]
CPD A Ribavirin IMPDH In vitro Strongly synergistic effect with potentially [70]
acceptable safety profile
ING-1466 Oseltamivir Hemagglutinin & neuraminidase In mice Increased survival [14]
Baloxavir Hemagglutinin & cap-dependent  In mice Increased survival [14]
endonuclease
Pimodivir Interferon-alpha IAV polymerase basic protein 2 & In vitro Synergistic antiviral effects [54]
IFN-a
Oseltamivir 1,8-Cineol Neuraminidase & inflammatory  In mice Strongly synergistic effect [71]
signaling
Oseltamivir Azithromycin Neuraminidase & 50S rRNA In mice No additional benefits [72]
Clinical Required less oxygen support and shorter hospi- [73]
talization time
Oseltamivir Clarithromycin + Neuraminidase, 23S rRNA & Clinical Faster clinical improvement [74]

naproxen cyclooxygenase
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