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SELECTIVITY INDEX=

TOXIC CONCENTRATION

ACTIVE CONCENTRATION

Any antiviral compound must possess
a good selectivity index
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MILESTONES IN ANTIVIRAL DRUG 
DEVELOPMENT

DISCOVERY (years) COMPOUND ACTIVITY VS 

Hamre et al. (1950) Thiosemicarbazone Poxvirus

Davies et al.(1964) Amantadine Orthomixovirus

Isaacs et al.(1957) Interferon Many viruses

Prusof, (1959) Iododeoxyuridine Herpesvirus

Kaufman, (1964) Trifluorothymidine Herpesvirus

Elion et al.(1971) Acyclovir Herpesvirus



How drug resistance arises. Richman, DD. Scientific American , July 1998

How drug resistance arises

When HIV replication is not completely 
blocked 
– Sub-optimal therapy regimens e.g. monotherapy

– Adherence problems

– Pharmacokinetic problems: poor drug absorption, inadequate dosing or drug-drug  
interactions

– These conditions can allow drug-resistant virus, already present in the population to 
dominate
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T20

AZT, d4t, 3TC, ABC, ddI, ddC, FTC, ACV, 
PCV, FCV, VGCV, HPMPC, TFT, PMEA, PMPA, 
BVDU, GCV, Foscarnet, DLV, EFV, NVP 

FOMIVIRSEN

NFV, APV, ATV, LPV, SQV, RTV, IDV

OSELTAMIVIR
ZANAMIVIR

AMANTADINE, RIMANTADINE

THE VIRAL LIFE CYCLE (EXEMPLIFIED BY HIV) AND 
TARGET FOR ANTIVIRAL THERAPY

CCR5 inhibitor

Raltegravir, Elvitegravir, Dolutegravir



AZT, d4t, 3TC, ABC, ddI, ddC, FTC, ACV, 
PCV, FCV, VGCV, HPMPC, TFT, PMEA, PMPA, 
BVDU, GCV, Foscarnet, DLV, EFV, NVP 

THE VIRAL LIFE CYCLE (EXEMPLIFIED BY HIV) AND 
TARGET FOR ANTIVIRAL THERAPY



MAIN NUCLEOSIDE ANALOGUES USED TO TREAT HIV INFECTION 



Mechanisms of action of nucleoside analogues

Viral nucleic acid

A AA GTTCCCC G AAACCGGGT

C

G AT G

DNA

OH

OH

dsDNA synthesys

MECHANISM OF ACTION OF NUCLEOSIDE ANALOGS



STOP

MECHANISM OF ACTION OF NUCLEOSIDE ANALOGS

Premature  termination of 

nascent viral DNA

ddNMP

Nucleoside kinase

Phosphotransferase
ddN

ddNDP

ddNTP

CELLULAR
Nucleoside kinase

CELLULAR
Nucleoside diphosphato  kinase



Mechanism of Action of Acyclovir

From: Medical Pharmacology: Antiviral 
Drugs



NRTIS AND NNRTIs: MECHANISMS OF ACTION



APV, ATV, LPV, SQV, RTV, IDV,TPV, 
DRV, etc.

THE VIRAL LIFE CYCLE (EXEMPLIFIED BY HIV) AND 
TARGET FOR ANTIVIRAL THERAPY





OSELTAMIVIR
ZANAMIVIR

THE VIRAL LIFE CYCLE (EXEMPLIFIED BY HIV) AND 
TARGET FOR ANTIVIRAL THERAPY
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USE OF HAART

Mortality vs. HAART Utilization

Palella F et al, HOPS Study





INTERFERONs



IFN Protective effects in viral 
infection

IFN Detrimental effects in viral
infection

(Persistent viral infections) (Acute viral infections)



Antiviral therapy: further issues



New issues in antiviral therapy

• Toxicity  

•The emergence of resistant viral variants

• Residual viremia and eradication of chronic 

infection

• Antiviral therapy as prevention.  

• Pharmacogenetics

•Therapeutical drug monitoring

• New class of antiviral drugs



DAA limitations



VIRUS DRUG-RESISTANCE

VIRUS COMPOUND REFERENCE

POLIOVIRUS Guanidine 
hydrochloride

Melnick JL et al. Science 1961

INFLUENZA A Amantadine Oxford et al. Nature 1970

HERPESVIRUS Acyclovir Schnipper & Crumpacker,
PNAS 1980

POLIOVIRUS Arildone Schrom M et al. Virology 1982

VARICELLA ZOSTER Acyclovir Pahwa S et al.  AIDS 1988

CITOMEGALOVIRUS Ganciclovir Erice A et al. N Engl J Med 1989

HUMAN
IMMUNODEFICIENCY VIRUS

Zidovudine Larder BA et al. Science 1989



VIRUS DRUG mutated region

HSV ACICLOVIRV/PENCICLOVIR, 

CIDOFOVIR,  FOSCARNET, 

ADEFOVIR

TK, DNA polimerase

CMV GANCICLOVIR, CIDOFOVIR, 

FOSCARNET

UL97 Kinase, DNA 

polimerase

INFLUENZA 

VIRUS

OSELTAMIVIR, ZANAMIVIR, 

AMANTADINE

Neuraminidase, M2 

HBV LAMIVUDINE, ADEFOVIR, 

ENTECAVIR, TELBUVIDINE, 

TENOFOVIR

Reverse transcriptase

HCV RIBAVIRIN, BOCEPREVIR, 

TELAPREVIR,

Polymerase, Protease

HIV NRTIs, NNRTIs, PIs, INI,   Reverse transcriptase, 

Protease, Integrase.

VIRUSES AND DRUG RESISTANCE



DRUG RESISTANCE PHENOMENON
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Decline of plasma viral load and 

percentage of infected PBMC 

following HAART

Kinetics of CD4 change  
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Effect of antiretroviral therapy on viral load



ELISA
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p24
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after one month  

Diagnostic Algorithm for HIV Diagnosis in adults

PCR

Viral load

RESISTANCE



New issues in antiviral therapy

• Toxicity  

•The emergence of resistant viral variants

• Residual viremia and eradication of chronic 

infection

• Antiviral therapy as prevention.  

• Pharmacogenetics 

•Therapeutical drug monitoring

• New class of antiviral drugs



HOST TARGETS

 Cyclophillins
 Eucaryotic initiation factor 2α
 α-glucosidase
 inosine-5’-monophosphate dehydrogenase
 Kinase
 lipid biosynthesis
 Heat shock protein 90 e 70
 …………………………………………..

Novel strategies of antiviral drug development


