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Rapid intervention: the role of antivirals to 
contain or control pandemic influenza
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M2 Inhibitors : amantadine and rimantadine
– Block the M2 ion channel of influenza A
– Widespread resistance reported1

Neuraminidase inhibitors : 
– Block virus replication by binding to the neuraminidase2

– Indicated in treatment and prevention of influenza
• Tamiflu (oseltamivir); delivered orally, suitable for age � 1 year
• Relenza (zanamivir); delivered by inhalation, suitable for age � 5 

years

1. Bright RA,  et al. Amantadine resistance among influenza A viruses isolated early 
during the 2005-2006 influenza season in the United States. JAMA. 2005.

2. Von Itzstein M, et al. Rational design of sialidase-based inhibitors of influenza virus 
replication. Nature 363. 418-423 (1993).
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• Studied in seasonal epidemics of influenza A (H3N2, H1N1) and B

– Effective in prevention of influenza illness

• Reduces laboratory confirmed influenza by ~ 80-90%1,2

– Effective in treatment of influenza, given within 2 days of symptom 
onset

• reduces duration of symptoms3,4

• reduces incidence of complications requiring antibiotics5,6

1. Hayden FG, et al. Use of the selective oral neuraminidase inhibitor oseltamivir to prevent in�uenza. N Engl J Med 1999; 341: 
1336–43.

2. Kaiser L, et al. Short-term treatment with zanamivir to prevent in�uenza:  results of a placebo controlled study. Clin Infect Dis
2000; 30: 587–89.

3. Treanor JJ, et al. Efficacy and safety of the oral neuraminidase inhibitor oseltamivir in treating acute influenza: a randomized 
controlled trial. Journal of the American Medical Association 283, 1016-24.

4. Hayden FG, et al. Ef�cacy and safety of the neuraminidase inhibitor zanam ivir in the treatment of in�uenzavirus infections: 
GG167 In�uenza Study Group. N Engl J Med 1997; 337: 874–80.

5. Kaiser L, et al. Impact of oseltamivir treatment on in�uenza-related lowe r respiratory tract complications and hospitalizations. 
Arch Intern Med 2003; 163: 1667–72.

6. Makela MJ, et al. Clinical ef�cacy and safety of the orally inhaled neuram inidase inhibitor zanamivir in the treatment of in�uenz a: 
a randomized, double-blind, placebo controlled European study. J Infect 2000; 40: 42–48.
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• High level resistance to M2 inhibitors reported amongst circulating seasonal 
strains1 and in many currently circulating H5N1 strains2

• Resistance to NI may emerge

– Resistance very infrequent compared with M2 inhibitors2,3

– May be associated with lower pathogenicity and/or transmissibility2

– Not all mutant strains are cross-resistant to other NIs3

• Clinical significance currently unknown

• Surveillance ongoing

1. Bright RA,  et al. Amantadine resistance among influenza A viruses isolated early during the 2005-2006 influenza season in the 
United States. JAMA. 2005.

2. Hayden F,  et al. Neuraminidase Inhibitor Susceptibility Network position statement: antiviral resistance in influenza A/H5N1
viruses. Antivir Ther 2005;10:873-7.

3. Hayden FG. Antiviral Resistance in Influenza Viruses —Implications for Management and Pandemic Response. NEJM 2005; 354; 
785-88.
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children probably linked to under dosing

• Resistance with Tamiflu is low 
– 4.1% in children 
– 0.32% in adults

• Kiso et al Lancet 2004 reported 9/50 (18%) resistance to oseltamivir in 
children with H3N2 infections

• Resistance could be influenced in Japan by;
– Under exposure in Japan by using weight-based dosing 2mg/kg in all ages
– Not all children received a full 5 days of treatment
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– Small clusters of 
human to human 
trans-mission

– Infected areas 
highly localized

– Larger clusters of 
human-to-human 
trans-mission

– Infected areas still 
localized

– Return to 
interpandemic 
period

– No new influenza 
subtypes in 
humans

– Low risk of human 
infection from 
influenza present 
in animals

– No new influenza 
subtypes in 
humans

– Animal influenza 
subtype poses 
substantial risk to 
humans

– Human infections 
with new influenza 
subtype

– Rare human to 
human trans-
mission of disease

– Increased and 
substantial 
transmission in 
general pop. 

– Global pandemic 
risk

Inter-Pandemic Period Pandemic Alert  Period
Pandemic 
Period

Post-
Pandemic 
Period

Phase 1
Post 
Pandemic 
Period

Phase 6Phase 5Phase 4Phase 2 Phase 3

Estimated Current Phase 
of the Pandemic

Phases of a pandemic
H5N1 is in phase 3 of the WHO’s monitoring 
system 
and shows potential to progress towards a 
pandemic
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Cumulative Number (as of Nov 13, 2006)

Total number of cases includes number of deaths. WHO reports only laboratory-confirmed cases.

1 WHO Epidemiology Analysis, WER June 2006 
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• Incidence of infections 
and deaths has been 
accelerating over the 
years

• Over a third of these 
cases have occurred 
in  2006

• An upsurge in cases 
could be anticipated 
starting in late 2006 or 
early 20071
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• “Once a pandemic has been declared…the role of antiviral drugs 
is unquestionable”

• “Pending the availability of vaccines, antiviral drugs will be the 
principle medical intervention for reducing morbidity and 
mortality”

Avian influenza: assessing the pandemic threat. WHO January 2005
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mortality in animals lethally infected with human i solates of 
H5N1

• In vitro data confirms that:
– Oseltamivir is active against the NAs of influenza A (H5N1) strains1

– As H5N1 has evolved sensitivity to oseltamivir has increased1

• In mice and ferrets infected with human isolates of  H5N1:
– Treatment with oseltamivir

• significantly reduced virus titres in all organ systems 
examined2,3,4

• significantly reduced morbidity and mortality2,3,4

1. Rameix-Welti MA, et al. Natural variation can significantly alter the sensitivity of influenza A (H5N1) viruses to oseltamivir. 
Antimicrobial Agents and Chemotherapy 2006

2. Leneva, I. et al. 2000. The neuraminidase inhibitor GS4104 (oseltamivir phosphate) is efficacious against A:Hong Kong:156:97
(H5N1) and A:Hong Kong:1074:99 (H9N2) influenza viruses. Antiviral Research 48 (2000) 101–115.

3. Govorkova, E. et al. 2001. Comparison of efficacies of RWJ-270201, zanamivir, and oseltamivir against H5N1, H9N2, and other 
avian influenza viruses. Antimicrobial Agents and Chemotherapy, Oct. 2001, p. 2723–2732

4. Yen, H-L. et al. 2005. Virulence May Determine the Necessary Duration and Dosage of Oseltamivir Treatment for Highly Pathogenic 
A/Vietnam/1203/04 Influenza Virus in Mice. JID 2005:192 (15 August), p 665 – 671.
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Day 0      Day 1      Day 2      Day 3      Day 4      Day 5    Day 21

Oseltamivir 2x daily for 5 days

Infect with
10 or 102 EID50
A/VN/1203/04 

5 mg/kg/day (equiv. to half approved human dose of 75 mg bid)

4 hrs

7, 7, 93/3Control

No0/3Treatment102 EID50

10, 102/3Control

No0/3Treatment 10 EID50

Day of 
death

No. dead/
Total

Experimental groupVirus dose

Post-exposure prophylaxis with oseltamivir
Oseltamivir administered to ferrets 4 hours after l ethal 
infection with H5N1 increased survival and did not inhibit 
production of a protective antibody response

Govorkova E, et al. Presentation at the Lancet Asian Medical Forum “Preparing for pandemic influenza”. May 2006
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Infect with
102 EID50

A/VN/1203/04 

Treatment with oseltamivir increased survival 
in ferrets infected with H5N1
Surviving animals were re-challenged with H5N1 at da y 
21 and demonstrated a fully protective immune 
response

6, 7, 83/3Control

No0/3Treatment102 EID50

Day of 
death

No. dead/
Total

Experimental groupVirus dose

Day 0      Day 1      Day 2     Day 3      Day 4      Day 5     Day 6                              Day  21

25 mg/kg/day (equiv. to 2.5 X human dose 75 mg bid)

Oseltamivir 2x daily for 5 days
24 hr
delay

Govorkova E, et al. Presentation at the Lancet Asian Medical Forum “Preparing for pandemic influenza”. May 2006
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of people infected with H5N1

• Limited number of confirmed cases; geographically dispersed

• In cases where oseltamivir was administered, vast majority received the drug 
late1,2,3

• Benefit appears greatest when oseltamivir is given early2,4

• Survival may correlate with rapid reduction in virus titre4,6

• Resistance reported during therapy in 3 cases in 20054,5,6

– timeframe and mutation pattern consistent with seasonal influenza

– issues include under-dosing and late intervention

– retained sensitivity to zanamavir

• No cases of H5N1 with resistance to oseltamivir reported this year

1. Hien TT,  et al. Avian inf luenza A (H5N1) in 10 patients in Vietnam. N Engl J Med 2004;350:1179-88.
2. Chotpitayasunondh T, et al. Human disease from influenza A (H5N1), Thailand, 2004. Emerg Infect Dis 2005;11:201-9.
3. WHO, N Engl J Med 2005; 353;1374-85
4. De Jong et al. Oseltamivir Resistance during Treatment of Influenza A (H5N1) Infection. NEJM. 2005; 253; 2667-72
5. Mai Le Q, et al.Isolation of drug resistant H5N1 virus. Nature 2005; 437 1108
6. De Jong MD, et al. Fatal outcome of human influenza A (H5N1) is  associated with high viral load and hypercytokinemia. Nature Med

2006
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Treatment in patients with confirmed 
or strongly suspected H5N1 infection:

• Tamiflu (oseltamivir) treatment (strong recommendation)
• Relenza (zanamivir) as an alternative (weak recommendation)

Applies to adults (including pregnant women) and ch ildren
Regimen for H5N1 is as recommended for seasonal infl uenza

Pharmacological management of avian influenza 
WHO recommendations; 
where neuraminidase inhibitors are available

World Health Organization. WHO Rapid Advice Guidelines on pharmacological 
management of humans infected with avian influenza A (H5N1) virus. 2006.
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Chemoprophylaxis : 

• In high risk exposure groups oseltamivir / zanamir (alternative) should 
be administered (strong recommendation)

• In moderate risk exposure groups oseltamivir / zanamavir might be 
administered (weak recommendation) 

Continuing for 7-10 days after the last known expos ure

Regimen for H5N1 is as recommended for seasonal infl uenza

Pharmacological management of avian influenza 
WHO recommendations; 
where neuraminidase inhibitors are available

World Health Organization. WHO Rapid Advice Guidelines on pharmacological 
management of humans infected with avian influenza A (H5N1) virus. 2006.
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option for pandemic response

• Manufacturing of antiviral agents generally geared towards significantly lower 
seasonal demand for these products 

• Responding to a pandemic with surge production is not an option due to

– long timelines for scale up, 
– sourcing of raw materials and 

– manufacturing cycle-times

• Contingency planning needs to be in place to cope with the demands of a 
pandemic

• The WHO has advised that “Stockpiling drugs in advance is presently the only 
way 
to ensure that sufficient supplies are available at the time of a pandemic” 1

Avian influenza: assessing the pandemic threat.  WHO January 2005
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Potential benefits of antiviral 
stockpiles and optimal levels of 
coverage
• Antiviral stockpiles sufficient to treat 20%–25% of the population could 

provide:

– a 67% reduction in hospitalisations1

– a 53% reduction in deaths1

• However, overall clinical attack rates during pandemics have reached 30–
35% 2

• The Infectious Disease Society of America recommends stockpiling for 50% 
of the population3

• Stockpiles sufficient for 50% of the population could reduce peak clinical 
attack rates by 40–50% if used to treat infected individuals and for post-
exposure prophylaxis of close household contacts4,5

1. Gani R, et al. Emerg Infect Dis 2005; 11:1355–62.
2. Glezen WP. Epidemiol Rev 1996; 18: 64–76.  
3. US Department of Health and Human Services. HHS pandemic influenza plan. 8 November 2005.   
4. Ferguson NM, et al. Nature 2006, 442(7101):448-452.
5. Wu JT et al. PLoS Med 3(9): e361. 
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Influenza anti-viral production was geared to 
meet low seasonal demand
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Increased production capacity to support 
pandemic stockpiling prior to any firm 
government orders

To meet additional demand for seasonal 
influenza treatment as additional regulatory 
approvals were received

To meet demand for seasonal influenza 
treatment in countries where regulatory 
approval was first received
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End 2004

Timeline

2004 2005 2006 20082007
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Network
to increase global Tamiflu ® supplies
• In October 2005, Roche issued an open invitation to third parties interested in 

becoming involved with Tamiflu®’s manufacture to apply to join the global supply 
network 

• More than 300 additional parties, interested in Tamiflu® production, screened

• More than 75% of those companies subsequently evaluated in greater detail 

• Detailed discussions on technical and quality aspects with 30 “most qualified”
companies

– substantial quantities

– in accordance with Roche's quality standards
– in a relatively short time frame

18 external partners in 10 different locations around the world are 
collaborating as part of Roche’s global Tamiflu® supply chain network
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1999-2007 (forecast)
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Based on the current orders received from governments around the world, Roche’s capacity to 
produce 400 million treatments by 2007 is significantly ahead of demand

External partners help boost capacity further 
to meet increased demands for pandemic 
stockpiles

Capacity doubled to meet initial government 
pandemic orders



22

P
ha

rm
ac

eu
tic

al
sEnlarged Tamiflu ® supply chain

SA

SA

SA

SA

SA

SA

EPX

EPX

EPX

EPX

EPX

EPX

EPX

(expanded)

API

API

CAP

CAP

CAP

CAP

CAP

CAP

Timeline

2004 2005 2006 20082007

EPX

0 100 200 400300

Annual Production (million treatments produced in 2 006)
0 100 200 400300

Production Capacity (million treatments capacity by  year end 2006)

AZD

AZD

AZD

AZD

AZD

AZD

= External

= Internal



23

P
ha

rm
ac

eu
tic

al
sGlobal supply network 2006:

sites for each step in production

• Global supply network helps insure against breakdowns in supply of Tamiflu®

and broadens geographic coverage

Shikimic 
acid

6 sites
2 star anise

4 fermentation

Epoxide Azide API

7 sites 6 sites 2 sites 6 sites
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Transfer
for the full production of generic oseltamivir

India: sub-license
Hetero drugs
Represented in 80 countries; 2.5 years
experience of oseltamivir process
development

China: sub-licenses

1. Shanghai Pharmaceutical Group
China‘s biggest drug maker

2. HEC Group
One of top 100 privately owned
businesses in China

Africa: knowledge transfer
Aspen
South Africa’s largest listed 
Pharmaceutical Company

Roche does not guarantee specifications, quality, 
bioequivalence or stability of products produced by 
the sub-licensees or by any other generic 
manufacturer
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• Roche has 
– received orders or letters of intent from the governments of 

more than 75 countries ,

– accounting for 200 million treatment courses
– delivered all orders to date according to the agreed upon timelines or earlier

• With a prospective production capacity for Tamiflu® of 400 million courses 
of treatment per year

– Roche will have the ability to fulfill all current government orders by the first 
quarter of 2007 

– our capacity is significantly ahead of demand

Roche can only maintain production capacity at the current level
in the presence of governments’ orders.
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• Approved commercial formulations
– Capsules 
– Pediatric Oral Suspension

• Active Pharmaceutical Ingredient (API)
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and Roche’s response

1. Complexity and time associated with formulating t he API for use in 
a pandemic

– Using increased production capacity Roche will agree to take back 
API and exchange it for capsules

2. Expiration of national stockpiles

– Approved capsules shelf life is 5 years

– Roche undertakes to provide longer term stability data which, if
supportive, can be used by governments to extend the validity of
their stockpiles
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and Roche’s response

3. Limited options for pediatric patients

– Roche is in discussions with regulatory authorities regarding 
extemporaneous formulations (pharmacists preparation and home-
based preparations) which can be prepared from the capsule 
contents

– Roche is developing pediatric capsules

4. Optimal dose and duration versus pandemic strain

• Roche, in collaboration with other groups, is undertaking laboratory 
and clinical studies aimed at developing models that can be used to 
rapidly predict the optimal dose/duration of Tamiflu therapy for a 
newly emerging pandemic strain
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At all levels

• Substantially increased 
Tamiflu® production capacity

• Significantly reduced prices 
for pandemic stockpiling

• Agreed supply schedules with 
more than 75 governments

• Conversion of API into 
capsules 

• Assistance with retesting 
stability

• Proposed use of 
extemporaneous preparation 
for pediatrics / pediatric 
capsules

• Sub-licensing for generic 
production

January 2006: 
2 million courses of Tamiflu®

donated to the WHO for 
regional stockpiling

August 2005: 
3 million courses of Tamiflu®

donated to the WHO to 
establish a global stockpile

National StockpileRegional StockpileGlobal Stockpile


