
COMPOSITION AND COMBINED MEDICATION METHOD FOR TREATING 

ENTEROVIRUS INFECTION 

 

Technical field 

The present invention belongs to the field of biomedicine, and in particular, the 

present invention relates to a composition and a combined medication method for treating 

enterovirus infection. 

 

Background art 

Enterovirus is a virus of the picornavirus family with a single positive strand RNA, 

and more than 100 serotypes have been found. Most enterovirus infections do not cause 

serious symptoms or only cause milder diseases, but often have serious consequences in 

children and immunodeficiency populations. Enterovirus 71 (EV71) and Coxsackievirus 

A16 (CVA16) in the genus Enterovirus are main pathogens causing hand-foot-mouth 

disease in infants and young children in Asia-Pacific region. Symptoms of 

hand-foot-mouth disease are usually mild, such as fever, pharyngalgia, diarrhea, local rash 

and the like, but some patients develop central nervous system (CNS) diseases such as 

aseptic meningitis, lethal encephalitis and even death. EV71 is the main pathogen causing 

severe hand-foot-mouth disease. So far, there is no effective drug treatment for enterovirus 

infection. The existing treatment is limited to supportive care, intravenous injection of 

immunoglobulin or ribavirin. Therefore, it is extremely urgent to find antiviral 

medicaments. Enteroviruses use the virus's own RNA-dependent RNA polymerase to 

synthesize the genome, so progeny RNA is susceptible to mutation during RNA replication.  

Therefore, in order to effectively prevent or treat enterovirus infection, there is an 

urgent need in the art to develop novel techniques for preventing and/or treating 

enterovirus infection. 

 

Summary of the present invention 

The object of the present invention is to provide a component and a combined 

medication method for treating enterovirus infection. 

The first aspect of the present invention provides a composition for inhibiting 

enterovirus, including a first active ingredient and a second active ingredient, 

wherein the first active ingredient is an inhibitor of 3D protein of enterovirus (e.g., 

EV71); 

the second active ingredient is an inhibitor of capsid protein of enterovirus (e.g., 

EV71); 

or 

wherein the first active ingredient is an inhibitor of 3C protein of enterovirus (e.g., 

EV71); 

the second active ingredient is selected from the group consisting of:  

an inhibitor of 3A protein of enterovirus (e.g., EV71); and 
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an inhibitor of 3D protein of enterovirus (e.g., EV71). 

In another preferred embodiment, the composition includes a first active ingredient 

and a second active ingredient, 

wherein the first active ingredient is an inhibitor of 3D protein of enterovirus (e.g., 

EV71); 

the second active ingredient is an inhibitor of capsid protein of enterovirus (e.g., 

EV71). 

In another preferred embodiment, the first active ingredient specifically binds to the 

amino acid residue (preferably a serine residue) at position 121 of 3D protein of 

enterovirus, wherein the amino acid residue is numbered based on SEQ ID NO: 1. 

In another preferred embodiment, the first active ingredient includes favipiravir, an 

analog thereof, or a pharmaceutically acceptable salt thereof; 

the second active ingredient comprises suramin, an analog thereof, or a 

pharmaceutically acceptable salt thereof. 

In another preferred embodiment, the analog of favipiravir includes a substance 

which acts on the same target of enterovirus as favipiravir. 

In another preferred embodiment, the analog of suramin includes a substance which 

acts on the same target of enterovirus as suramin. 

In another preferred embodiment, the enterovirus is selected from the group 

consisting of enterovirus 71 (EV71), coxsackievirus A16 (CVA16), CVB3, PV1 or EV68, 

and rhinovirus. 

In another preferred embodiment, the molar ratio of the first active ingredient to the 

second active ingredient is about 10-100: 1-20, preferably 10-100: 1-10, and more 

preferably 10-100: 1-5. 

In another preferred embodiment, the first active ingredient has an inhibitory activity 

towards 3D protein of enterovirus (e.g., EV71). 

In another preferred embodiment, the second active ingredient has an inhibitory 

activity towards capsid protein of enterovirus (e.g., EV71). 

In another preferred embodiment, the composition further includes a 

pharmaceutically acceptable carrier or excipient. 

In another preferred embodiment, the dosage form of the pharmaceutical composition 

comprises tablet, granule, capsule, pill, injection, or oral solution. 

In another preferred embodiment, the composition is a unit dosage form, and the 

content of the first active ingredient and the second active ingredient in each unit dosage 

form is about 0.1-1 (or 0.25-1, or 0.5-1) of a daily dose, wherein the daily dose is 20-100 

mg. 

In another preferred embodiment, the daily dose is 25-70 mg, such as 25 mg, 40 mg, 

50 mg. 

In another preferred embodiment, the composition includes a first active ingredient 

and a second active ingredient, 

where, the first active ingredient is an inhibitor of 3C protein of enterovirus (e.g., 
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EV71); 

the second active ingredient is selected from the group consisting of:  

an inhibitor of 3A protein of enterovirus (e.g., EV71); and 

an inhibitor of 3D protein of enterovirus (e.g., EV71). 

In another preferred embodiment, the first active ingredient includes rupintrivir, an 

analog thereof, or a pharmaceutically acceptable salt thereof; 

the second active ingredient is selected from the group consisting of itraconazole, an 

analog thereof, or a pharmaceutically acceptable salt thereof; and favipiravir, an analog 

thereof, or a pharmaceutically acceptable salt thereof. 

In another preferred embodiment, the analog of rupintrivir includes a substance which 

acts on the same target of enterovirus as rupintrivir (e.g., AG7404). 

In another preferred embodiment, the analog of itraconazole includes a substance 

which acts on the same target of enterovirus as itraconazole. 

In another preferred embodiment, the enterovirus is selected from the group 

consisting of enterovirus 71 (EV71), coxsackievirus A16 (CVA16), CVB3, PV1 or EV68, 

and rhinovirus. 

In another preferred embodiment, the molar ratio of the first active ingredient to the 

second active ingredient is about 1-20: 10-100, preferably 1-10: 10-100, and more 

preferably 1-5: 10-100. 

In another preferred embodiment, the first active ingredient has an inhibitory activity 

towards 3C protein of enterovirus (e.g., EV71). 

In another preferred embodiment, the second active ingredient has an inhibitory 

activity towards 3A protein and/or 3D of enterovirus (e.g., EV71). In the present invention, 

itraconazole has a 3A protein inhibitory activity, and favipiravir has a 3D protein inhibitory 

activity. 

In another preferred embodiment, the composition further includes a 

pharmaceutically acceptable carrier or excipient. 

In another preferred embodiment, the dosage form of the pharmaceutical composition 

comprises tablet, granule, capsule, pill, injection, or oral solution. 

In another preferred embodiment, the composition is a unit dosage form, and the 

content of the first active ingredient and the second active ingredient in each unit dosage 

form is about 0.1-1 (or 0.25-1, or 0.5-1) of a daily dose, wherein the daily dose is 20-100 

mg. 

In another preferred embodiment, the daily dose is 25-70 mg, such as 25 mg, 40 mg, 

50 mg. 

 

The second aspect of the present invention provides use of the composition for 

inhibiting enterovirus according to the first aspect of the present invention for the 

manufacture of a medicament for preventing and/or treating an enterovirus infection.  

 

The third aspect of the present invention provides a method of preventing and/or 
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treating an enterovirus infection, comprising the step of: 

administering the composition for inhibiting enterovirus according to the first aspect 

of the present invention to a subject in need thereof, thereby inhibiting enterovirus in the 

body of the subject. 

In another preferred embodiment, the subject comprises a human and a non-human 

mammal (e.g., a rodent). 

In another preferred embodiment, the administration is carried out in an amount of 10 

to 100 mg/kg body weight, preferably 15 to 70 mg/kg body weight, more preferably 10 to  

50 mg/kg body weight, based on the weight of the first active ingredient.  

 

The fourth aspect of the present invention provides a method for non-therapeutically 

inhibiting enterovirus growth or killing enterovirus in vitro comprising the step of: 

applying the composition for inhibiting enterovirus according to the first aspect of the 

present invention in a place that needs to be treated. 

 

The fifth aspect of the present invention provides use of favipiravir, an analogue 

thereof, or a pharmaceutically acceptable salt thereof for the manufacture of a reagent used 

for: 

(I) inhibiting the synthesis of enterovirus 3D protein, and/or 

(II) specifically binding to amino acid residue at position 121 of enterovirus 3D 

protein, wherein the amino acid residue is numbered based on SEQ ID NO: 1. 

In another preferred embodiment, the amino acid residue at position 21 of enterovirus 

3D protein is serine. 

In another preferred embodiment, the agent is further used for: (III) inhibiting the 

replication of enterovirus. 

In another preferred embodiment, the enterovirus is enterovirus 71. 

 

The sixth aspect of the present invention provides a complex as shown in formula I, 

A-B  (I) 

wherein A is favipiravir or an analog thereof; and B is a 3D protein of enterovirus. 

In another preferred embodiment, in the complex, the binding site of A and B 

includes the amino acid residue at position 121 of enterovirus 3D protein, wherein the 

amino acid residue is numbered based on SEQ ID NO: 1. 

 

The seventh aspect of the present invention provides a drug-resistant enterovirus 

strain, wherein 3D protein of the strain is mutated, and the mutation causes the enterovirus 

to develop drug resistance. 

In another preferred embodiment, the mutation occurs at the amino acid residue at 

position 121 of the 3D protein. 

In another preferred embodiment, the amino acid residue at position 121 of the 3D 

protein is mutated from a serine residue to an aspartic acid residue.  
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In another preferred embodiment, the strain is an enterovirus 71 strain.  

 

The eighth aspect of the present invention provides use of drug-resistant enterovirus 

strain of the seventh aspect of the present invention for screening an agent or a reagent for 

inhibiting or killing enterovirus. 

 

The ninth aspect of the present invention provides an inhibitor of the drug-resistant 

enterovirus strain of the present invention, and the inhibitor can inhibit or kill the 

drug-resistant enterovirus strain of the seventh aspect of the present invention. 

 

The tenth aspect of the present invention provides a method for screening a 

medicament comprising: contacting a medicament to be screened with enterovirus or 3D 

protein of enterovirus, and detecting whether a complex of the formula II is formed, 

A'-B  (II) 

wherein A' is the medicament to be screened; and B is the 3D protein of enterovirus. 

In another preferred embodiment, in the complex, the binding site of A' and B 

includes amino acid residue at position 121 of enterovirus 3D protein, wherein the amino 

acid residue at position 121 is based on SEQ ID NO: 1. 

In another preferred embodiment, the medicament to be screened includes, for 

example, favipiravir, an analog thereof, or a pharmaceutically acceptable salt thereof.  

 

The eleventh aspect of the present invention provides an enterovirus inhibitor which 

targets 3D protein of enterovirus and inhibits the growth or reproduction of the enterovirus. 

In another preferred embodiment, the inhibitor targets amino acid residue at position 

121 of enterovirus 3D protein, wherein the amino acid residue at position 121 is based on 

SEQ ID NO: 1. 

In another preferred embodiment, the inhibitor is selected from the group consisting 

of favipiravir, an analog thereof, or a pharmaceutically acceptable salt thereof.  

 

It should be understood that within the scope of the present invention, the above each 

technical feature of the present invention and each technical feature specifically described 

in the following (such as the examples) can be combined with each other to constitute a 

new or preferred technical solution. Due to space limitations, it will not be described one 

by one here. 

 

Description of the drawings 

Figure 1 shows that itraconazole, rupintrivir, favipiravir, suramin, and GW5074 

inhibit EV71 infection, wherein figure 1A shows the inhibitory effect of each compound on 

EV71 and toxic effects thereof on cells; and figure 1B shows the effect of different 

concentrations of each compound on viral titer. 

Figure 2 shows that favipiravir inhibits virus replication by acting on 3D protein of 
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enterovirus 71. 

Figure 3 shows the interaction effect of different medicament combinations on the 

treatment of EV71 infection. 

Figure 4. shows that the combination of itraconazole and rupintrivir can 

synergistically inhibit EV71 titer. 

 

Detailed description of the invention 

Through extensive and intensive research, the inventors firstly and unexpectedly 

discovered a composition for inhibiting enterovirus, the composition comprises favipiravir 

as the first active ingredient and suramin as the second active ingredient , or the 

composition comprises rupintrivir as the first active ingredient and itraconazole and/or 

favipiravir as the second active ingredient. The experiment results show that the 

medicament combination has a significant synergistic effect, and no enhanced cytotoxicity 

is observed under the tested concentration combination. 

The present invention discloses a combined medication method for effectively 

inhibiting enterovirus infection. For the inhibitory activity of enteroviruses, the inventors 

have unexpectedly discovered that favipiravir and suramin, rupintrivir and itraconazole, 

rupintrivir and favipiravir show significant synergy through extensive tests. Moreover, no 

enhanced cytotoxicity is observed under the tested concentration combination for above 

medicament combination. The combination of favipiravir and suramin or the combination 

of rupintrivir and itraconazole can prevent the emergence of resistant viruses. In addition, 

the inventors have also found that favipiravir inhibits viral replication by acting on the 3D 

protein of EV71, which can be used as a potential target for the development of antiviral 

medicaments. 

Before describing the present invention, it is to be understood that this invention is 

not limited to the particular methods and experimental conditions described as such 

methods and conditions may vary. It is also understood that the terms used herein is for the 

purpose of describing the particular embodiments, and is not intended to be used for limit, 

and the scope of the invention is limited only by the appended claims.  

Unless otherwise defined, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention 

belongs. As used herein, the term "about", when being used in reference to a particular 

recited value, means that the value can vary by no more than 1% from the recited value. 

For example, as used herein, the expression "about 100" includes all values between 99 and 

101 (for example, 99.1, 99.2, 99.3, 99.4, etc.). 

Although any methods and materials similar or equivalent to those described in the 

present invention can be used in the examples or tests of the present invention, the 

preferred methods and materials are provided herein. 

 

Favipiravir and analog thereof 

Favipiravir is a RdRP inhibitor with broad spectrum antiviral activity. After intensive 
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research, the inventors unexpectedly found that favipiravir can inhibit EV71 replication in 

vitro, and the mechanism studies have found that its site of action is located in the 3D 

protein of EV71. 

In a preferred embodiment of the present invention, the analog of favipiravir 

according to the present invention comprises a substance which acts on the same target of 

enterovirus as favipiravir. 

In a preferred embodiment of the present invention, the present invention provides an 

inhibitor of enterovirus, which targets the enterovirus 3D protein and inhibits the growth or 

reproduction of the enterovirus. 

In a preferred embodiment, the inhibitor targets amino acid residue at position 121 of 

3D protein of enterovirus, wherein the amino acid residue is numbered based on SEQ ID 

NO: 1. 

In a preferred embodiment, the inhibitor is selected from the group consisting of 

favipiravir, an analog thereof, or a pharmaceutically acceptable salt thereof.  

3D protein is an enterovirus (EV71 virus) RNA-dependent RNA polymerase and is an 

important enzyme encoded by the viral genome, which catalyzes the replication and 

transcription of the viral genome. In a preferred embodiment of the present invention, the 

amino acid sequence of the 3D protein is as follows: 

GEIQWVKPNKETGRLNINGPTRTKLEPSVFHDIFEGNKEPAVLHSKDPRLEVDF

EQALFSKYVGNTLYEPDEYIKEAALHYANQLKQLEINTSQMSMEEACYGTENLEAID

LHTSAGYPYSALGIKKRDILDPTTRDVSKMKFYMDKYGLDLPYSTYVKDELRSIDKI

KKGKSRLIEASSLNDSVYLRMTFGHLYEAFHANPGTITGSAVGCNPDTFWSKLPILLP

GSLFAFDYSGYDASLSPVWFRALELVLREIGYSERAVSLIEGINHTHHVYRNKTYCV

LGGMPSGCSGTSIFNSMINNIIIRALLIKTFKGIDLDELNMVAYGDDVLASYPFPIDCL

ELAKTGKEYGLTMTPADKSPCFNEVNWGNATFLKRGFLPDEQFPFLIHPTMPMREIH

ESIRWTKDARNTQDHVRSLCLLAWHNGKQEYEKFVSTIRSVPVGRALAIPNYENLRR

NWLELF 

(SEQ ID NO:1) 

 

Suramin and analog thereof 

Suramin is clinically used to treat trypanosomiasis and acts with the capsid protein of 

EV71 to inhibit viral adsorption into cells. 

In a preferred embodiment of the present invention, the analog of suramin according 

to the present invention has the structure shown in the following formula IV: 

. 

In a preferred embodiment of the present invention, the analog of suramin according 
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to the present invention comprises a substance which acts on the same target of enterovirus 

as suramin (for example, NF449, Nf110 and NM16). 

NF449:  

NF110:  

NM16:  

 

Rupintrivir and analog thereof 

Rupintrivir was originally used to treat rhinovirus infection, and studies have shown 

that it inhibits viral replication primarily by inhibiting the 3C protein of EV71.  

In a preferred embodiment of the present invention, the analog of rupintrivir 

according to the present invention, AG7404, has the following structure: 

. 
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In a preferred embodiment of the present invention, the analog of rupintrivir 

according to the present invention comprises a substance which acts on the same target of 

enterovirus as rupintrivir (e.g. AG7404). 

 

Itraconazole and analog thereof 

Itraconazole is an oral triazole broad-spectrum antifungal agent that inhibits 

Aspergillus and Candida albicans and is effective in treating fungal infections in children. 

It is also a recently reported broad-spectrum enterovirus inhibitor that inhibits the viral life 

cycle by acting on the 3A protein of the virus and the oxidative sterol -binding protein of 

the host. 

In a preferred embodiment of the present invention, the analog of itraconazole 

according to the present invention comprises a substance which acts on the same target of 

enterovirus as itraconazole. 

 

GW5074 and analog thereof 

GW5074 is a Raf signaling pathway kinase inhibitor that has an inhibitory effect on 

enterovirus replication but does not act on this cellular pathway. It exerts antiviral activity 

by acting on the 3A protein of poliovirus. 

 

The structural formulas of the compounds involved in the present application are as 

follows: 1 is itraconazole, 2 is rupintrivir, 3 is favipiravir, 4 is GW5074, and 5 is suramin. 
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In the combined medication method, suramin and favipiravir as well as itraconazole 

and rupintrivir show significant synergistic effect, and no significant enhanced cytotoxicity 

is detected at the measured concentration; rupintrivir and favipiravir show a weak 

synergistic effect; rupintrivir and suramin show an additive effect; and itraconazole and 

suramin, itraconazole and favipiravir, GW5074 and itraconazole show strong antagonistic 

effect. 

 

Composition 

The term "composition," as used herein, includes a pharmaceutical composition.  

The composition of the first aspect of the present invention comprises an active 

ingredient which inhibits enterovirus, and a pharmaceutically acceptable carrier. The active 

ingredient for inhibiting enterovirus comprises a first active ingredient and a second active 

ingredient, wherein the first active ingredient comprises favipiravir, an analog thereof, or a 

pharmaceutically acceptable salt thereof; and the second active ingredient is selected from 

the group consisting of suramin, an analog thereof, or a pharmaceutically acceptable salt 

thereof; and rupintrivir, an analog thereof, or a pharmaceutically acceptable salt thereof. 

The pharmaceutical composition of the present invention may further comprise 

various pharmaceutical excipients compatible with the compound or composition contained 

therein, and is prepared into a dosage form which is advantageous for administration b y a 

conventional method, such as, but not limited to, aqueous solution injection, powder 

injection, pill, powder, tablet, patch, suppository, emulsion, cream, gel, granule, capsule, 

aerosol, spray, powder spray, sustained release preparation, controlled release preparation 

and the like. The pharmaceutical excipients may be conventionally used in various 

preparations, such as, but not limited to, isotonic agent, buffer, flavoring agent, excipients, 

filler, binder, disintegrator, lubricant, and the like; or may be selected for use in accordance 

with the substance, such as: but not limited to emulsifier, solubilizer , bacteriostatic agent, 

analgesic, antioxidants and the like. Such excipients can effectively improve the stability 

and solubility of the compound contained in the composition, or change the release rate and 

absorption rate of the compound to improve the metabolism of various compounds in the 

organism, thereby enhancing the administration effect of the composition. In addition, 

excipients such as, but not limited to, gelatin, albumin, chitosan, polyethers and polyesters 

(such as, but not limited to, polyethylene glycol, polyurethane, polycarbonate and 

copolymers thereof) may be used for achieving specific administration purposes or modes 

such as sustained release administration, controlled release administration, pulse 

administration and the like. 

The main manifestations to facilitate administration are: but not limited to, improving 

the therapeutic effect, improving bioavailability, reducing toxic side effect, improving 

patient compliance and the like. 

In the case of aqueous injection, the excipient generally includes isotonic agent and 

buffer, as well as the necessary emulsifier (e.g., Tweeen-80, Pluronic, and Poloxamer, etc.) 
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solubilizer, bacteriostatic agent and the like. In addition, it also includes other 

pharmaceutically acceptable excipient such as antioxidant, pH adjuster, analgesic and the 

like. 

The excipient used in the preparation of oral liquid preparation generally includes 

solvent, as well as the necessary flavoring, bacteriostatic, emulsifying, and coloring agent.  

The excipient used in the preparation of tablet generally includes filler (e .g., starch, 

powdered sugar, dextrin, lactose, compressible starch, microcrystalline cellulose, calcium 

sulfate, calcium hydrogen phosphate, mannitol, etc.), binder (e.g. ethanol, starch slurry, 

sodium carboxymethyl cellulose, hydroxypropyl cellulose, methylcellulose, ethyl cellulose, 

hydroxypropylmethyl cellulose, gelatin solution, sucrose solution and aqueous solution or 

alcohol solution of polyvinylpyrrolidone, etc.), disintegrant (such as dry starch, sodium 

carboxymethyl starch, low-substituted hydroxypropyl cellulose, cross-linked 

polyvinylpyrrolidone and croscarmellose sodium) and lubricant (such as magnesium 

stearate, micronized silica gel, talc, hydrogenated vegetable oil, polyethylene glycol 4,000, 

polyethylene glycol 6,000, magnesium lauryl sulfate, etc.). 

The excipient used in the preparation of emulsion is generally water, oil (e .g., fatty 

acid), emulsifier, and necessary preservative and flavoring agent. 

The excipient used in the preparation of granule is similar to that for tablet, but the 

granulation process is different. The prepared granules are mixed with a glidant as needed, 

and then filled into capsules to obtain capsules. 

 

As used herein, the term "subject," "organism," "animal," or "patient" includes human, 

wild animal, and livestock. Wild animal is an animal that is in natural state and has not 

been artificially domesticated. Livestock is an animal that is artificially raised to provide a 

source of food, such as, but not limited to, dog, cat, mouse, rat, hamster, pig, rabbit, cow, 

buffalo, bull, sheep, goat, geese, chicken and the like. The "patient" or "organism" to be 

treated preferably is a mammal, especially a human. 

As used herein, the term "preventing" means that various means or measures are used 

for preventing the occurrence or development of a disease, including medical, physical or 

chemical means, to prevent and reduce occurrence or development of symptoms of various 

diseases before the disease is not recognized by clinical standards.  

As used herein, the term "treating" refers to the inhibition, suppression, reduction, 

amelioration, mitigation, cessation, delay or reversal of the progression or aggravation of a 

disease for the prevention and suppression of the development or progression of the disease, 

and the described various indicators of disease, disorder, or pathology at the time of 

retention and/or administration include alleviating or reducing symptoms or complications, 

or curing or eliminating disease, disorder, or condition. 

The term "medicament" as used herein refers to a single compound or a composition 

formed by a plurality of compounds which can be used for preventing or treating a disease; 

to a composition or a formulation having a single compound as a main active ingredient ; 

and also to a composition or formulation that is composed of a plurality of compounds as 
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active ingredients. The “medicament” should be understood to mean not only the products 

examined and approved for production by the administrative organization established by 

the laws of a country, but also various matter forms containing a single compound as the 

active ingredient formed in the process for obtaining approval and approval of production. 

The "formation" is understood to refer to obtainment by chemical synthesis, 

biotransformation or purchase. 

The administration route of pharmaceutical composition provided by the present 

invention includes, but is not limited to, administration through oral, nasal, buccal, 

transdermal, pulmonal, vaginal, subcutaneous or intravenous route to the organism. 

 

The main advantages of the present invention are as follows. 

(1) The present invention firstly reveals the synergistic inhibitory effect of favipiravir 

and suramin, rupintrivir and itraconazole or favipiravir on enterovirus. 

(2) The composition of the present invention takes effect with a low amount. 

(3) The composition of the present invention can greatly reduce the clinical dosage, 

which can reduce the production cost and reduce the burden on the patient . 

(4) The composition of the present invention can prevent the development of 

drug-resistant strains. 

(5) The present invention firstly discloses a novel target for enterovirus. 

 

The present invention will be further described in detail below with reference to 

specific examples. It should be understood that these examples are only for illustrating the 

present invention and are not intended to limit the scope of the present invention. The 

experimental methods in the following examples, which do not specify the detailed 

conditions, are usually in accordance with conventional conditions such as the conditions 

described in Guide to Molecular Cloning (Sambrook, J. et al., translated by Huang Peitang 

et al., Beijing: Science Press, 2002), or in accordance with the conditions recommended by 

the manufacturer. Unless otherwise indicated, percentages and parts are by weight.  The 

experimental materials and reagents used in the following examples are available from 

commercially available sources unless otherwise specified. 

 

Materials and Method 

Cells, viruses and compounds 

RD (human rhabdomyomas) and Vero (African green monkey kidney) cells in 

DMEM medium containing 1% penicillin/streptomycin (P/S) and 10% fetal bovine serum 

(FBS) are cultured in a 37 °C, 5% CO2 incubator. EV71 FY573 strain (GenBank Accession 

No. HM064456) is used in the evaluation experiment for the antiviral activity of the 

compound, the viral titer reduction experiment, and combined medication experiment. 

EV71 G082 is used in the viral titer reduction experiment, mutant virus screening and 

evaluation experiment. Compounds itraconazole, rupintrivir, favipiravir and GW5074 are 

purchased from Sigma-Aldrich, Santa Cruz and Chembest, respectively, and dissolved in 
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DMSO for experiments. Suramin is purchased from Bayer and dissolved in the medium. 

 

Evaluation experiment for compounds 

Itraconazole purchased from Sigma-Aldrich is dissolved in DMSO to a final 

concentration of 10 mM; suramin purchased from Bayer is dissolved in a medium 

containing 2% FBS to a final concentration of 50 mM; favipiravir purchased from 

Chembest is dissolved in DMSO to a final concentration of 400 mM; rupintrivir purchased 

from Santa Cruz is dissolved in DMSO to a final concentration of 2 mM; and GW5074 

purchased from Sigma is dissolved in DMSO to a final concentration of 10 mM. To 

evaluate the inhibition of EV71-induced CPE activity by five compounds, the inventors 

perform dose dependent experiments. 50 μl of DMEM containing 10000 RD cells is added 

to each well of a 96-well white plate (Corning Costar), and after 24 hours of culture in a 37 

°C, 5% CO2 incubator, a gradient dilution of the test compound is added to each well (for 

the compound dissolved in DMSO, the final concentration of DMSO is 0.25%), and 5 μl of 

0.25% DMSO or medium is added to the control group. Then, 45 μl of dilution containing 

150 PFU virus is added, and the final volume of each well is 100 μl. After 96 hours of 

culture, the plate is taken out and equilibrated at room temperature for 30 minutes. Then, 

50 μl of CellTiter-Glo (Promega) reagent is added to each well, and allowed to stand at 

room temperature for 10 to 30 minutes, and detected using a Veritas Microplate 

Luminometer (Turner BioSystem). In order to determine the effect of the compound on the 

cells, the inventors perform a cytotoxicity experiment in the same manner as the 

dose-dependent experiment except that no virus solution is added and an equal volume of 

DMEM containing 2% FBS and 1% P/S is added. 

 

Combined medication experiment 

In order to evaluate the inhibitory effect of the combination medication method on 

EV71 infection, the inventors carry out the experiment by checkerboard method [1-2]. 50 μl 

of DMEM containing 10000 RD cells is added to each well of a 96-well white plate 

(Corning Costar) and incubated in a 37 °C, 5% CO2 incubator for 24 h, and then 5 μl of 

two 2-fold diluted test compounds is added to the central 60 wells of a 96-well plate and 5 

μl of 0.25% DMSO or medium is added to the control group. Then, 40 μl dilution 

containing 150 PFU virus is added, and the final volume of each well is 100 μl. After 96 

hours of culture, the plate is taken out and equilibrated at room temperature for 30 minutes. 

Then, 50 μl of CellTiter-Glo (Promega) reagent is added to each well, and allowed to stand 

at room temperature for 10 to 30 minutes, and detected using a Veritas Microplate 

Luminometer (Turner BioSystem). In order to determine the effect of the simultaneous 

addition of two compounds on the cells, the inventors perform cytotoxicity experiment  in 

the same manner as combined medication experiment except that no virus solution is added 

and an equal volume of DMEM containing 2% FBS and 1% P/S is added. The experimental 

results are analyzed using MacSynergy II software and a 3D schematic is obtained. 
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Determination of viral titer 

The titers of EV71 G082 strain and the recombinant virus are measured, and 1 ml of 

DMEM containing 3×105 Vero cells is added to each well of a 12-well plate (Corning 

Costar), and cultured for 24 hours. The virus is diluted in 10-fold, that is, 27 μl of the virus 

solution is mixed with 243 μl DMEM containing 2% FBS and 1% P/S. The medium in the 

12-well plate is aspirated, and 200 μl of virus solution is added to each well, then placed in 

a 37 °C, 5% CO2 incubator for 1 h of infection, and gently shaken every 15 minutes. Then, 

the virus solution is aspirated, and 1 ml DMEM containing 0.8% methylcellulose 

(Aquacide II, Calbiochem) and 2% FBS is added, cultured in a 37 °C, 5% CO2 incubator 

for 6 days, and placed in 3.7% formalin. After fixed for 1 h, it is stained with 1% crystal 

violet. 

The titer of EV71 FY573 strain is determined by half of the tissue culture infectious 

dose (TCID50). 20,000 RD cells are added to each well of a 96-well transparent plate. After 

24 hours of culture, 100 μl of 10-fold diluted virus (from 10-1 to 10-8) is added to 10 wells 

for each dilution. After 1 h of infection, the virus is aspirated and DMEM containing 2% 

FBS is added. After 7 days of culture in a 37 °C, 5% CO2 incubator, the mixture is placed 

in 3.7% formalin for 1 h of fixation and then stained with 1% crystal violet. The viral titer 

is measured by Reed-Muench method and expressed as TCID50/ml. 

 

Viral titer reduction experiment 

RD cells are seeded in a 12-well plate with 3×105 cells/well, cultured overnight at 37 

°C for 24 hours. Then EV71 virus solution with MOI=0.1 and 2-fold dilution of 

itraconazole, rupintrivir, favipiravir, suramin and GW5074 are added and cultured at 37 °C 

for 48 h. The supernatant is collected, frozen in a -80 °C refrigerator, and then determined 

for viral titer. To determine the resistance of the passaged virus to favipiravir, the inventors 

inoculate Vero cells in a 12-well plate, 3×105 cells/well and culture overnight at 37 °C. 

After 24 hours, EV71 virus solution with MOI=0.1 is added and 300 μM and 600 μM 

favipiravir are separately added. After cultured at 37 °C for 48 hours, the supernatant is 

collected and frozen in a -80 °C refrigerator, and then the viral titer is measured. 

 

Virus screening experiment 

The present inventors conduct a passage experiment to screen a favipiravir resistant 

strain. 3×105 Vero cells are seeded in a 12-well plate, cultured overnight at 37 °C. After 24 

hours, EV71 G082 strain virus solution with MOI=0.1 and favipiravir are added. When a 

significant cytopathic effect is observed, the supernatant is collected. The pre-cultured 

Vero cells are infected with the collected virus and favipiravir is added. During the passage, 

the concentration of favipiravir is gradually increased, and one to three rounds of screening 

are carried out for each concentration with one control group for each round. After 16 

continuous passages, the titer of the virus in the supernatant, the resistance to the 

compound, and sequencing are determined. 
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Mutant virus resistance experiment 

To determine the resistance of the selected mutant virus and recombinant virus to the 

compound, the inventors conduct experiments based on cytopathic effects and viral titer 

reduction experiments. In the experiment based on the cytopathic effect, 5000 Vero cells 

are added to each well of a 96-well white plate, and after incubated in a 37 °C, 5% CO2 

incubator for 24 hours, a gradient dilution of the test compound is added to each well (for 

the compound dissolved in DMSO, the final concentration of DMSO is 0.25%), and 5 μl of 

0.25% DMSO or medium is added to the control group. Then, 45 μl dilution containing 250 

PFU mutant virus or recombinant virus is added and the final volume of each well is 100 μl. 

After 96 hours of culture, the plate is taken out and equilibrated at room temperature for 30 

minutes. Then, 50 μl of CellTiter-Glo reagent is added to each well, allowed to stand at 

room temperature for 10 to 30 minutes, and detected using a Veritas Microplate 

Luminometer. EV71 G082 strain is served as a control. 

In the viral titer reduction experiment, Vero cells are inoculated in a 12-well plate at 

3×105 cells/well, and cultured overnight at 37°C. After 24 hours, EV71 virus solution with 

MOI=0.1 and 300 μM of favipiravir are added. The supernatant is collected after 48 hours 

of culture, and the viral titer is examined. 

 

Construction of mutant virus 

A plasmid containing the mutated DNA fragment is constructed using Fast 

Site-directed Mutagenesis kit (TransGen Biotech) according to the manufacturer's 

instructions and verified by sequencing. The correct cDNAs are linearized and transcribed 

into RNA according to in vitro transcription kit (MEGAscript T7 Kit, Ambion), which then 

transferred to Vero cells by electroporation. After the obvious CPE is observed, the 

supernatant is collected and the plaque assay is used to determine the viral titer. 

 

RT-PCR 

The viral RNA is extracted with reference to the instruction manual of QIAamp viral 

RNA minikit (Qiagen) and stored at -80 degrees, and the PCR reaction is carried out using 

a SuperScript III One-Step RT-PCR System with Platinum Tap DNA Polymerase 

(Invotroge). 

 

Immunostaining experiment 

The present inventors perform immunostaining for qualitative detection of viruses in 

screening experiment of resistant strains. 3×105 Vero cells are pre-inoculated in 24-well 

plates, and cultured in a 37 °C, 5% CO2 incubator for 24 h, then virus stock and 10-fold 

diluted virus are added to each well and placed in a 37 °C, 5% CO2 incubator for 1 h of 

infection, and gently shaked every 15 minutes. The virus solution is then aspirated, and 1 

ml of DMEM containing 0.8% methylcellulose (Aquacide II, Calbiochem) and 2% FBS is 

added, and cultured in an incubator at 37 °C, 5% CO2 for 6 days. The cells are fixed with 

4% formaldehyde solution, and the fixed cells are washed twice with PBS containing 
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0.05% Tween-20 (PBS-T), incubated with primary antibody against enterovirus 71 

(MAB979, Merck Millipore) for 1 h at room temperature, then washed for three times with 

PBS-T and incubated with horseradish peroxidase-conjugated secondary antibody (goat 

anti-mouse, Bethyl, Montgomery, TX) for 1 h at room temperature. After the plate is 

washed for 3 times with PBS, TrueBlue peroxidase substrate (KPL®, 50-78-02) is added for 

development. When clear blue spots are formed in the control group, the reaction is 

stopped with distilled water. The plate is dried, and the results are recorded. Cells that 

produce blue are positive, and cells that do not produce blue do not contain viruses.  

 

Data analysis 

The raw data are input into an Excel sheet to calculate the signal-to-background ratio 

(S/B), the signal-to-noise ratio (S/N), Z factor, and the inhibition rate of the test compound 

against the virus. The calculation formulas are as follows: S/B=μc/μv, wherein μc represents 

the average value of the signal of the cell control group, and μv represents the average 

value of the signal of the virus control group; S/N=(μc-μv)/(σc-σv), σc represents the 

standard deviation of the signal of the cell control group, and σv represents the standard 

deviation of the signal of the virus control group; Z=1-((3σc+3σv)/|μc-μv|), when Z factor is 

between 0.5 and 1, it indicates that the experimental method can effectively distinguish the 

differences between control groups. The antiviral activity of the compound CPE inhibition 

rate = (μcpd - μv) / (μc - μv) × 100%, wherein μcpd represents the average signal intensity of 

the test compound; and the effect of the compound on the cell, cell survival rate = μcpd / μc 

× 100%. The half maximum effect concentration (EC50) is a concentration that causes a 

50% maximum effect. The half-cytotoxic concentration (CC50) refers to a concentration of 

the medicament that causes 50% cytotoxicity, which is expressed in this experiment as a 

50% reduction in the fluorescence intensity of the experimental group compared with the 

control group. In the analysis of the interaction effects of the two compounds using 

Macsnergy II, at 95% confidence, a volume greater than zero represents that the interaction 

of the two compounds is a synergistic effect, and a negative value represents an 

antagonistic effect. Value between -25 and +25 indicates that the effect between the two 

compounds is not significant, value between 25 and 50 represents significant but weak 

synergy, value between 50 and 100 means moderate synergy, and value greater than 100 

indicates strong synergy. 

 

Example 1 Single component activity assay 

Itraconazole, rupintrivir, favipiravir, suramin, and GW5074 are effective in inhibiting 

EV71 infection of cells in a dose-dependent manner. 

Figure 1 shows that itraconazole, rupintrivir, favipiravir, suramin, and GW5074 

inhibit EV71 infection. (A) 2-fold dilution of itraconazole, rupintrivir, favipiravir, suramin, 

and GW5074 were separately added to RD cells, and virus or medium was added and 

cultured for 96 hours. The cell viability was measured by CellTiter-Glo kit. The inhibitory 

effects of four compounds on EV71 and the toxic effects on cells were examined. (B) Virus 
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and 2-fold dilution of itraconazole, rupintrivir, favipiravir, suramin, and GW5074 were 

separately added into RD cells. After 48 hours of culture, the supernatant was collected and 

the viral titer was determined by TCID50 method. The results were processed using 

Graphpad Prism5. The data in the figure were obtained from two independent parallel 

experiments, and the error bars represent the standard deviation of the two parallel 

experiments. 

 

Example 2 Favipiravir acts on 3D protein of enterovirus 71 

The present inventors obtained two strains of resistant viruses by screening viruses 

resistant to favipiravir. The viral titer reduction experiment showed that both strains were 

resistant to favipiravir, and the inventors found that the same mutation occurred on the 3D 

protein by sequence analysis. The drug-resistant virus phenotype experiment demonstrated 

that EV71 having amino acid residue mutation at position 121 in the 3D protein was 

resistant to favipiravir. Using the reverse genetics system, the inventors constructed a virus 

carrying such mutation and had its resistance to favipiravir verified. The results showed 

that the mutation of serine to aspartic acid at position 121 of 3D protein of enterovirus 71 

conferred drug-resistance to EV71, and the present inventors inferred that favipiravir acted 

on 3D protein of EV71. Furthermore, the present inventors tested the inhibitory effect of 

itraconazole, rupintrivir, suramin, and GW5074 on the mutant virus, and compared with the 

wild type virus (G082), no cross-resistance was found. The results were shown in figure 2. 

Figure 2 shows that favipiravir inhibits viral replication by acting on 3D protein of 

enterovirus 71. (A) Enterovirus 71 was incubated with favipiravir and the concentration of 

favipiravir was continually increased. The supernatant from the 16th passage culture was 

collected and sequenced. EV71 containing 3D protein mutation was constructed by reverse 

genetics system. The viral titer was determined by plaque formation assay, the virus 

resistance to favipiravir was detected by viral titer reduction experiment. The experimental 

method was the same as the compound verification experiment. (B) The effects of 

itraconazole, rupintrivir, suramin and GW5074 on a virus containing 3D protein mutation 

were determined using an experiment based on cytopathic effect. The results were 

processed using Graphpad Prism5. The data in the figure were obtained from two 

independent parallel experiments, and the error bars represent the standard deviation of the 

two parallel experiments. 

 

Example 3 combined activity assay 

The combination of itraconazole, rupintrivir, favipiravir, suramin, and GW5074 

produces synergistic, additive or antagonistic effects in the treatment of EV71 infection. 

The results are shown in figure 3. 

Figure 3 shows that the interaction effect of different medicament combinations in the 

treatment of EV71 infection. 3D plot was made using MacSynergy II software and the data 

in the plot were obtained from at least three independent parallel experiments. (A) 

combination of itraconazole and GW5074, (B) combination of itraconazole and suramin, (C) 
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combination of suramin and rupintrivir, (D) combination of favipiravir and rupintrivir, (E) 

combination of favipiravir and suramin, (F) combination of favipiravir and itraconazole, 

and (G) combination of itraconazole and rupintrivir. The horizontal plane represents the 

additive effect of the two medicaments, the points above the horizontal plane represent the 

synergistic effect of the two medicaments, and the points below the horizontal plane 

represent the antagonistic effect. 

Table 1 

Medicament combination 

MacSynergy II analysis 

Synergy/antagonism 

(μM2%) Effect 

itraconazole rupintrivir 434.44/ -4.4 strong synergy 

itraconazole favipiravir 34.51/ -88.11 strong antagonism 

itraconazole suramin 0.14/ -246.23 strong antagonism 

rupintrivir favipiravir 64.9/ 0 weak synergy 

rupintrivir suramin 4.96/ 0 additive effect 

favipiravir suramin 337.59/ 0 strong synergy 

itraconazole GW5074 53.91/ -167.68 strong antagonism 

Table 1 shows the synergistic, additive or antagonistic results calculated according to 

MacSynergy II software. 

Example 4 Itraconazole and rupintrivir synergistically inhibit viral titer 

Itraconazole and rupintrivir are not only able to inhibit the cytopathic effects 

produced during viral infection, but also synergistically inhibit viral production. The 

results are shown in figure 4. 

Figure 4 shows that the combination of itraconazole and rupintrivir can 

synergistically inhibit EV71 titer. EV71 with a multiplicity of infection (MOI) of 0.1 and 

different concentrations of itraconazole, rupintrivir or DMSO were added to Vero cells, 

and the supernatant was collected after 48 hours of culture, and the viral titer was detected 

by plaque formation assay. The results were processed using Graphpad Prism5. The data in 

the figure were obtained from two independent parallel experiments, and the error bars 

represent the standard deviation of the two parallel experiments. 

Example 5 Analysis of the interaction of rupintrivir and itraconazole in 

combined medication by Chou-Talalay method 

Using the Compusyn software, the interaction between itraconazole and rupintrivir 

was analyzed according to the Chou-Talalay method, and it was found that the two 

compounds produced synergistic effect. And the synergistic effect was most obvious when 
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the molar concentration ratio was itraconazole/rupintrivir = 10/1. The results are shown in 

Table 2. 

Table 2 

molar 

concentration 

ratio of 

itraconazole/ 

rupintrivir 

% Inhibition 

rate (EDn) CI 

DRI 

itraconazole rupintrivir 

1:0.1 50 0.01(very strong synergy) 285.689 138.384 

75 0.02(very strong synergy) 212.177 89.313 

90 0.02(very strong synergy) 157.582 57.642 

95 0.03(very strong synergy) 128.717 42.795 

1:0.05 50 0.21(strong synergy) 9.514 9.217 

75 0.21(strong synergy) 10.341 8.706 

90 0.21(strong synergy) 11.241 8.224 

95 0.21(strong synergy) 11.897 7.911 

Table 2. EV71 was added to Vero cells and co-cultured with different concentrations 

of itraconazole and rupintrivir or DMSO. After 48 hours, the supernatant was collected and 

the viral titer was determined by plaque formation assay. The inhibitory effect of different 

concentration combinations on EV71 infection was obtained by comparison with the 

control group. The interaction between the two medicaments at the n% inhibition effect 

was analyzed using Compusyn software, and CI (combination index) and DRI (dose 

reduction index) were used as evaluation parameters. CI < 0.1 indicates a very strong 

synergistic effect, and 0.1 < CI < 0.3 indicates a strong synergistic effect. DRI indicates the 

degree (fold) of the decrease in the concentration required for the two compounds in  

combined medication to achieve the same inhibitory effect as compared with one 

compound used in antiviral therapy. The data in the figure were obtained from two 

independent parallel experiments. 

Example 6 Combination of itraconazole and rupintrivir can prevent the 

emergence of drug-resistant viruses and eliminate all viruses 

EV71, itraconazole, and 0.5 μM or 1 μM of rupintrivir were simultaneously added to 

Vero cells, the virus was subcultured, and the supernatant was collected. After 20 passages, 

the inventors examined the viruses in the supernatants of the 10 th, 16th and 20th passage by 

immunostaining experiments, and no virus was detected. The viral titer reduction 

experiment proved that itraconazole could not remove all the viruses in the cell culture. 

The experimental results showed that the combination of itraconazole and rupintrivir 

prevented the emergence of drug-resistant viruses and completely inhibit the replication of 

EV71 in vitro. 

All references mentioned in this application are incorporated by reference in this 
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application, as if each were incorporated by reference individually. In  addition, it should be 

understood that after reading the above teachings of the present invention, those skilled in 

the art can make various changes or modifications to the present invention, and these 

equivalent forms also fall within the scope defined by the appended claims of the present 

application. 
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Claims 

1. A composition for inhibiting enterovirus, wherein the composition includes a first

active ingredient and a second active ingredient, 

wherein the first active ingredient is an inhibitor of 3D protein of enterovirus  EV71, 

which is favipiravir, or a pharmaceutically acceptable salt thereof; 

the second active ingredient is an inhibitor of capsid protein of enterovirus EV71, 

which is suramin, or a pharmaceutically acceptable salt thereof; 

wherein, the first active ingredient specifically binds to amino acid residue at position 

121 of 3D protein of enterovirus, wherein the amino acid residue is numbered based on 

SEQ ID NO: 1; 

wherein the molar ratio of the first active ingredient to the second active ingredient is 

10-100:1-20.

2. The composition of claim 1, wherein the first active ingredient specifically binds to

a serine residue at position 121 of 3D protein of enterovirus, wherein the amino acid 

residue is numbered based on SEQ ID NO: 1. 

3. The composition of claim 1, wherein the molar ratio of the first active ingredient to

the second active ingredient is 10-100: 1-10. 

4. The composition of claim 1, wherein the molar ratio of the first active ingredient to

the second active ingredient is 10-100: 1-5. 

5. Use of the composition for inhibiting enterovirus of claim 1 for the manufacture of

the medicament for preventing and/or treating enterovirus infection. 

6. A method for non-therapeutically inhibiting enterovirus growth or killing of

enterovirus in vitro comprising the step of applying the composition for inhibiting 

enterovirus of claim 1 in a place that needs to be treated. 
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