
1

LEARNING OBJECTIVES:

1. Understand the challenges associated with 
establishing antiviral drugs.

2. Appreciate the clinical practices that lead to 
development of antiviral drug resistance.

3. Know the basic mechanism of action for acyclovir, 
azidothymidine, amantadine, neuraminidase inibitors
and protease inhibitors.

1. State the benefits associated with combination drug 
therapies, as they relate to combatting the issue of 
antiviral drug resistance.

KEY CONCEPTS:

1. Challenging pipeline to antiviral drug approvals

2. Facile generation of drug-resistant mutants; resistant 
mutants pre-exist and are abundant

3. Antiviral drug targets thwart virus only (not cell) and thus 
turn out to be unique to particular virus

4. Most antiviral drugs arrest at the virus replication stage

5. Long-term antiviral administration is needed to combat 
persistent viruses, notably HIV

1. Combination antiviral drug therapy limits the expansion of 
drug-resistant viruses
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LECTURE OUTLINE – ANTIVIRAL DRUGS

1. The need for antiviral drugs
2. Explanation for the limited antiviral drug arsenal
3. Drugs blocking virus entry
4. Drugs blocking virus replication
5. Drugs blocking virus morphogenesis or dissemination
6. The problem of antiviral drug resistance
7. The benefits of combination drug therapy

NEED FOR ANTIVIRAL DRUGS

Antiviral drugs are only available for a 
limited number of viruses.

Vaccines are not available for several 
pathogenic viruses, for example, Dengue 
virus, Hepatitis C virus and HIV.

Vaccines provide little or no therapeutic 
effect to individuals already infected.

Antiviral drugs, if potent enough, do “work” 

A single antiviral drug for each type of 
virus is not enough.

If only one antiviral is used, virus can easily 
mutate to drug-resistant forms, and 
prolonged high dose of single antiviral can 
be toxic.

Simultaneous administration of multiple 
different antiviral drugs can minimize 
expansion of drug resistant viruses.

NEED FOR ANTIVIRAL DRUGS
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Big need for antiviral drugs,
but only a very few approved antivirals

Why so few antiviral drugs?

Why so few approved antivirals?

For an antiviral drug to be clinically useful, it has 
to POTENTLY block virus infection

Most highly potent antivirals are highly virus-
specific (no broad spectrum antivirals yet 
available).  Thus there is a limited market for 
the drugs.

The call for an antiviral drug prescription often 
comes only in a short time window, when a 
patient has an acute infection, and the drug 
treatment period is short.  Thus there is a 
limited market for the drugs.

Why so few approved antivirals?

Arduous road from drug discovery to approved use



4

Why so few approved antivirals?

Antiviral drug resistance is a big problem.  An approved 
drug, if used widely and improperly, can force expansion 
of drug-resistant viruses, and render the drug useless.

Why so few approved antivirals?

Interdependence of virus and host cell makes it 
difficult to avoid drug-induced toxicities; i.e., 
drug side effects are common.

Big challenge is to target drugs so that they 
destroy uniquely virus-specific functions.

The uniquely virus-specific functions are typically 
“unique” to each particular virus type

KEY IS TO DEVELOP ANTIVIRAL DRUGS 
TO DISTINCT VIRUS-SPECIFIC INFECTION STAGES

 virus binding to cells

 virus uncoating inside cells

 virus genome replication

 virus assembly inside cells
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Drugs blocking virus entry into cells

Pleconaril:

 Blocks virus binding / 
virus uncoating

 Specific for 
picornaviruses

Binds into a capsid 
“pocket” and 
interferes with the 
structural transitions 
needed for genome 
entry into cells

Docosanol; aka “Abreva”

Over-the-counter cold 
sore medication

Reduces time to healing 
by about a day

Docosanol is 22-C 
saturated alcohol

MOA is thought to 
involve blockade of virus 
entry

“Abreva”:

Long-chain alcohol that may 
disturb cell membranes and 
reduce herpes virus entry 
into cells
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Entry inhibitor MARAVIROC is a CCR5 receptor 
antagonist.  It allosterically modulates CCR5 and thus 
comprimises HIV entry 

Entry inhibitor T20 (enfuvirtide) blocks HIV 
gp120/gp41-mediated membrane fusion activities 

Amantadine inhibits influenza A virus entry 
by plugging the M2 ion channel
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Block M2 with amantadine: 
M2 ion channel is blocked, protons cannot enter virus
RNAs will not release from virion proteins.
Infection blocked at uncoating (disassembly) stage.

Only works against 
influenza type A 
infections:

70% of flu disease 
comes from type A; 
the rest comes from 
types B and C

Amantadine is a drug that is also 
used to treat Parkinson’s disease.  

Mechanism of action in treating 
Parkinson’s disease is not entirely 
clear but the drug may increase 
CNS dopamine levels.

Drugs blocking virus replication 
(stop viral nucleic acid synthesis)
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Most antiviral drugs 
are nucleoside analogs 
that preferentially 
block viral genome 
replication

ACYCLOVIR (ACV) INHIBITS HERPES SIMPLEX VIRUSES

-Prodrug is phosphorylated by HSV thymidine kinase
-Acyclovir triphosphate is used by HSV DNA polymerase
-Acyclovir triphosphate incorporation terminates DNA chain

VALTREX: valine adduct on acyclovir 
improves oral bioavailability

(Valtrex is a proprodrug)
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In comparison with related nucleoside analogs, 
Acyclovir and gangcyclovir are safe and effective

Anti-HSV therapeutic ratio

Idoxuridine 2

Vidarabine 40

Acyclovir 1,000

Drug safety correlates with the therapeutic ratio.
Approval of antiviral drugs demands high safety.

AZIDOTHYMIDINE (AZT) INHIBITS HIV INFECTIONS

-Prodrug is phosphorylated by cellular kinases
-AZT triphosphate is used by HIV reverse transcriptase
-AZT triphosphate incorporation terminates DNA chain

Major problem is AZT – resistant HIV

Lamuvidine:  For treatment of HIV and HBV infections
A nucleoside analog inhibiting reverse transcriptase
Strict chain terminator lacking 3’ –OH group

Synergistic with AZT therapy
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RIBAVIRIN:

-Is a guanosine analog
-Is not a chain terminator
-Acts as a mutagen

-Active against RNA viruses
-Used to treat RSV infections 
(aerosol administration for RSV)

-Used to treat HCV infections 
and works in concert with IFN 
(oral administration for HCV)

-Expensive drug; ~ $12,000 for 
one anti-HCV treatment course

Foscarnet inhibits HSV and HIV DNA polymerases 
by competitively interfering with dNTP binding

- Used topically for herpes infections

Raltegrivir is used in HIV/AIDS HAART therapy

- Blocks HIV integrase activity
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Drugs blocking virus assembly, virion
morphogenesis, or virion dissemination 
(late-stage infection events)

Saquinavir, ritonavir, indinavir, nelfinavir, amprenavir, etc.

Neuraminidase inhibitors are active against both 
influenza A and B viruses

Block M2 proteins

Block neuraminidase
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Neuraminidase cleaves sialic acids from infected cells and from virions: 

NEURAMINIDASE INHIBITORS RETARD VIRUS DISSEMINATION

The problems of antiviral drug resistance

Weinstock, D. M. et al. JAMA 2009;301:1066-1069.

Frequency of Resistance to Adamantane Among Influenza A(H1N1) Isolates 
and Oseltamivir Among Influenza A(H3N2) Isolates Submitted to the Centers 

for Disease Control and Prevention in the United States

S31N mutation in M2 = Amantadine resistance
H274Y mutation in NA = Oseltamivir resistance

It is alarming that single residue changes create drug resistance.
Drug stockpiles aimed at mitigating an influenza pandemic must include more 
than amantadine and oseltamivir.
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Some calculations:

Assume that one mutation can confer drug resistance

Mutation rate is 1 per 104 nucleotide incorporations (RNA)

This means that each base is substituted in 1 of 104 viruses

An infected person can make 1010 viruses in one day

This means that an infected person can make 1010 / 104 = 106

drug-resistant viruses in one day!

The benefits of combination drug therapy

HIV infection: Several potential sites for intervention; 
three are currently targeted by clinical drugs
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Anti-HIV therapies – HAART

1. NRTI (Nucleoside RT inhibitors)
2.NNRTI (Non-nucleoside RT inhibitors)
3. PI (Protease inhibitors)
4.GP41 membrane fusion inhibitors
5.CCR5 co-receptor inhibitors
6.HIV integrase inhibitors

1. – 3. are currently used clinically.       
4.- 6. are primarily in pre-clinical studies.

HIV control:

13 nucleoside-based RT inhibitors

3 non-nucleoside-based RT 
inhibitors

10 protease inhibitors

2 entry inhibitors

For a complete 2012 listing, along with guidelines for clinical use, 
see www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf

Other protease inhibitors

(protease is a good drug target because the 
viral protease is unique to infected cells and 
because protease inhibitors with “drug-like”
properties are available)

HCV protease inhibitors:
Telaprevir (Vertex)
Boceprevir (Schering-Plough)

Likely useful for HCV-infected patients who do 
not respond to ribavirin + IFN treatment
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COMBINATION THERAPY:

Simultaneously apply multiple drugs, each inhibiting a 
distinct, essential viral function.

Patient compliance is required to limit development of 
drug-resistant variant viruses, particularly for 
persistent infections like HIV.

Benefits of combination antiviral drug therapies:

Developing resistance to one drug = 10-4

Developing resistance to two drugs = 10-4 x 10-4 = 10-8

Developing resistance to three = 10-4 x 10-4 x 10-4 = 10-12

Remember, an infected person can make 1010 viruses in one 
day, but cannot make 1012 viruses in one day

However, on the planet right now, there are about 1016 HIV 
genomes, so it is likely that there are already drug-
resistant HIVs to every known anti-HIV drug we have or 
ever will have.

A list of antivirals on the “VIRUS TABLES” :
Pleconoril (picornaviruses)
Acyclovir and Gangciclovir (herpes)
Ribavirin (HCV)
Lamivudine (HCV)
Reverse transcriptase inhibitors (HIV)
Protease inhibitors (HIV and HCV)
Amantadine (influenza A)
Neuraminidase inhibitors (influenza)

“Antivirals” affecting immune responses:
Interferon (primarily HCV)
Glucocorticoids (general anti-inflammatory)
I.V. immune globulins (several viruses)
Hepsera (hepatitis virus)
Anti-rabies IgG (rabies)
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