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Sources of Antiviral Information 

• Pre-clinical studies on H5N1 and other influenza 

viruses 

• Clinical efficacy and effectiveness studies 

– RCTs with adamantanes during 1968 pandemic and 

1978 pandemic-like event 

– RCTs with NAIs in seasonal influenza 

– Observational reports from 2009 pandemic 

– Observational reports from H5N1-infected persons 

• Safety- RTC of long-term tolerability   

 



Antivirals for H5N1 Questions-1 

• What is known about the safety and efficacy of 

antivirals for treatment of H5N1? 

• How critical is early intervention with antivirals for 

human infections with HPAI H5N1 and what are the 

mortality rates even when antivirals are initiated 

early? 

• Is oseltamivir the only antiviral that we have 

significant clinical experience with for H5N1? 

 



Representative Anti-Influenza Agents with 

In Vivo Activity against H5N1  

• M2 inhibitors- amantadine, rimantadine (PO) 

• Neuraminidase (NA) inhibitors 

– Oseltamivir (PO), zanamivir (topical, IV), peramivir 

(IV/IM)  

• Polymerase inhibitors  

– Ribavirin (PO, IV); favipiravir/T-705 (PO) 

• Conjugated sialidase- DAS181 (topical) 

• Antibodies- convalescent plasma; neutralizing 

anti-HA monoclonals 

• Interferons (topical) 



 



Survival in Influenza-Related Pneumonia: Effect 

of Time to Oseltamivir Rx 

• 920 hospitalized 

adults with proven 

pH1N1 + pneumonia 

– No corticosteroids 

– 9.8% ventilated 

• In-hospital mortality 

> 80% lower with 

oseltamivir (P<0.01) 

• No dose difference- 

standard vs higher 

Yang et al., PLoS ONE 7(1): e29652, 2012 

18.2% 

4.9% 

4.6% 

2.9% 

Observed mortality 



Oseltamivir 

Susceptibility of A(H5N1) 

Isolates 

• Avian isolates (n = 26) 
tested by NAI assay 

• 15 – 30 fold difference 
in oseltamivir IC50s for 
clade 1 vs 2.1 viruses 

• Clade 1 show  oselt 
susceptibility  

• No differences for 
zanamivir 

H275Y 

A/Indonesia/2005 

A/Vietnam/2004 

McKimm-Breschkin et al., EID 13:1354,  2007 



Oseltamivir in H5N1: Time to Treatment Effect 

 

Adisasmito et al., J Infect Dis 202(8):1154, 2010 



 

Chan et al., J Infect Dis 206:1359, 2012 



H5N1 Survival by Time of Initiation of 

Oseltamivir from Symptom Onset (n=129) 

 

Chan et al., J Infect Dis 206:1359, 2012 



Antivirals for H5N1 Questions- 2 

• Are there certain mutations that confer selective 

resistance to oseltamivir but not zanamivir?   

• Are there other mutations in influenza that confer 

resistance to both?   

• Is zanamivir more difficult to correctly take given it 

is an inhaler?   

• Are there groups that could not take it?  



N1 Mutations Associated with Reduced NAI 

Susceptibility in H5N1 Viruses 

Mutation Source Fold decrease compared to wild-type 

Oseltamivir Zanamivir 

H275Y Human, in vitro >300 1-2 

N295S Human, in vitro 10-81 1-4 

D198G In vitro 44 32 

V116A Chicken, in vitro 11-18 10-63 

I117V Chicken, in vitro 8-16 1-6 

S246N Chicken 24 2 

Q136L Ferret 26 ~350 

E119A In vitro 4-56 >1,000 

Mai Le et al., Nature 437:1108; 2005; Hurt et al., Antiviral Res 73: 228, 2007, AAC 53:4433, 

2009, and Antiviral Res 87:361, 2010; Boltz et al., J Gen Virol 91: 949, 2010; Earhart et al., J 

Infect Pub Health 2:74, 2009; Ilyushina et al., PLoS Path 6:e1000933, 2010 



Pharyngeal Viral Loads during 

Oseltamivir Treatment of H5N1 

de Jong et al. NEJM 353:25, 2005 



Antiviral Treatment for H5N1: Comments 

• Multiple potential reasons exist for treatment failure, 

but viral clearance  favorable prognosis.  

• Oseltamivir is agent with most clinical experience. 

– Appropriate dose regimen and duration for H5N1 are 

uncertain. No obvious benefit from 2X dose. 

– Antiviral resistance (H275Y) and  susceptibility 

(N295S) due to N1 mutations  IV zanamivir  

• Majority of isolates resistant to M2 inhibitors 

– Combined NAI + M2 inhibitor therapy is reasonable if 

virus likely susceptible to both. 

– Rimantadine better CNS tolerability than amantadine 

 



Antivirals for H5N1 Questions- 3 

• If antivirals are initiated upon exposure, how 

effective would we expect them to be in preventing 

disease with H5N1 and decreasing viral shedding? 

• What are the pros/cons to providing researchers 

with a 48 hr home supply of antivirals? 

• Would you be concerned about the safety of use of 

an antiviral beyond six weeks? 

• Might prophylaxis generating resistance in 

circulating influenza strains to which the lab 

worker was exposed or even leading to a resistant 

H5N1 if an exposure not recognized? 

 



Amantadine Prophylaxis During

Pandemic Influenza 

 

 Protective efficacy 

Pandemic Influenza A 

illness 

Seroconversion 

1968 H3N2 

1977 H1N1 

59-100% 

31-71% 

28-52% 

19-39% 

 

 

 

Hayden. J Infect Dis  176:S56, 1997 



Antiviral Post-Exposure Prophylaxis in Households 

Antiviral    Season 
 

Adult dose Reduction in 2  
(Study)  (Virus) regimen influenza illness* 

Amantadine 
(Galbraith et al, 1969) 

1967-68 
(A/H2N2) 

100 mg bid for 

10 d 
100% 

Rimantadine 
(Bricaire et al, 1990) 

1988-89 (A/not 

stated) 

200 mg qd for 

10 d 

 70%+

Zanamivir   
(Hayden et al, 2000) 

1998-99 
(A/H3N2, B) 

10 mg inhaled 
 qd for 10 d

 79%

 

Zanamivir    
(Monto et al, 2002) 

2000-01 
(A/H3N2, B) 

10 mg inhaled 

qd for 10 d 
82%        

 Oseltamivir
(Welliver et al, 2001) 

1998-99 
(A/H3N2, B) 

75 mg qd for 7 d 89% 

*Laboratory proven influenza illness in contacts 
+Clinical influenza 



• Lethal clade 1 A/Vietnam/1203/04 infection 

• Oseltamivir prophylaxis for 10 d starting 4 hr before 

inoculation 

– Once daily dosing @ 10 mg/kg oseltamivir  

prevented death,  illness + systemic spread, but 

pathology in internal organs.  

– Twice daily dosing @ 2.5 or 5 mg/kg  absence of 

illness, systemic virus spread, and organ pathology. 

• Only 5 mg/kg bid  no detectable virus in URT 

Boltz et al., J Infect Dis 197:1315, 2008 



• Parallel group, double-blinded, 2 (active drug): 1 

(placebo) randomized trial of oral oseltamivir or 

inhaled zanamivir tolerability over 16 weeks in 390 

healthy, Thai hospital staff 

– Symptoms, spiromtrey, EKGs, blood chemistry 

• Primary endpoint - withdrawal from the study 

because of serious or grade ≥2 AEs that were 

possibly, probably or definitely drug related.  

• No drug-related study withdrawals 

Anekthananon,  Pukritayakamee,  et al., J Antimicrob Chemother 2013, in press. 

Study by South East Asian Infectious Diseases Clinical Research Network 



Antiviral Home Access Considerations 

• Rapid access (emergency, unable to travel) 

• Inappropriate use for non-influenza illness 

– Drug side effects 

• Delay in presentation for care 

– Failure to diagnose + treat other illnesses 

– Potential false negative H5N1 test results 

– If H5N1 transmission to contacts, delayed 

containment efforts 

– Need for rapid assessment + isolation      

• Inappropriate dosing, noncompliance 

– Increased risk of resistance emergence 



Antiviral Prophylaxis for H5N1: Comments 

• Oseltamivir use in persons at increased risk of 

H5N1 exposure (eg, family contacts, cullers, 

unprotected HCWs). 

• Use of twice daily treatment regimen for post-

exposure prophylaxis makes sense based on risks 

of incubating infection and possible resistance 

emergence. 

• Little information on inhaled zanamivir or oral M2 

inhibitors for H5N1 prevention.  

• Daily oseltamivir or inhaled zanamivir to 16 weeks 

appears generally well-tolerated. 

 




