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The February 2007 decision of the Indonesian minister of health to 
suspend shipments of H5N1 influenza virus isolates to World Health 
Organization Collaborating Centers indicated that international coop-
eration is likely to be inadequate in any upcoming influenza pandemic. 
Access to pandemic-relevant influenza vaccines will be difficult for people 
in all countries, not just those in developing nations. Three affordable 
alternatives are proposed here that could be made available to people 
worldwide. The potential role of statins, in spite of important epidemio-
logic and experimental support, has not yet been discussed in the general 
medical literature, much less in the public press. The authors believe that 
all three approaches must be considered if we are to think and act seri-
ously about responding to the possibility of an imminent pandemic.	  
	 —Vincent J Felitti, MD, Senior Editor

David S Fedson, MD, (left) has served as the Coordinator for the Macroepidemiology of Influenza Vaccination 
(MIV) Study Group. In 2002, he retired from serving as Director of Medical Affairs at Aventis Pasteur MSD in Lyon, 

France, where he was instrumental in establishing the Influenza Vaccine Supply International Task Force. Previously, 
he was Professor of Internal Medicine at the University of Virginia and served on the Advisory Committee on Im-

munization Practices and the National Vaccine Advisory Committee. E-mail: dfedson@wanadoo.fr. 
Peter Dunnill, DSc, FREng, (right) is Professor of Biochemical Engineering and Chairman of the Advanced Centre 

for Biochemical Engineering, University College London, United Kingdom. E-mail: p.dunnill@ucl.ac.uk.

Abstract
Scientists and health officials are concerned that an H5N1 influenza 

pandemic could be both imminent and catastrophic. Managing it will be 
difficult. Supplies of antiviral agents will be limited and expensive. Clinical 
development of adjuvant-combined, antigen-sparing, inactivated vaccines 
has been slow; the vaccines will take several months to produce and the 
global capacity to produce them will remain limited for several years. People 
who live in countries without vaccine companies—more than 85% of human-
kind—will have little prospect for being immunized. Thus, new approaches 
are needed to confront an imminent pandemic. The interventions must be 
scientifically promising and already licensed or near licensure. Moreover, 
the global industrial capacity to produce them must be large and already in 
place. Three interventions meet these criteria. Within a few months, several 
billion doses of live-attenuated H5N1 vaccines could be produced in exist-
ing egg-based or cell culture production facilities and several billion doses 
of an H5 recombinant hemagglutinin (rHA) vaccine could be produced in 
existing pharmaceutical bioreactors. In addition, generic medications such as 
statins might be able to moderate the aberrant innate immune response that 
characterizes human cases of H5N1 influenza. Statins would be affordable 
and available worldwide on the first day of the pandemic. Given the limita-
tions of current efforts to develop and produce antivirals and conventional 
vaccines, urgent attention must be given these promising new approaches 
to pandemic control.

Introduction
Health officials throughout the 

world are concerned that the H5N1 
avian influenza virus could be the 
cause of the next human influenza 
pandemic. It is estimated that if the 
1918 pandemic were to recur today, 
it would kill between 51 million and 
82 million people worldwide.1–3 
However, the case fatality rate for 
H5N1 influenza is approximately 
60%, and thus a pandemic caused 
by this virus could kill 
hundreds of millions 
and conceivably lead to 
a partial global popula-
tion die-off. No one can 
estimate the probability 
that a pandemic of this 
magnitude will occur, but 
it is certainly possible.

Many influenza scientists 
have said that the next 
pandemic could be im-
minent and the molecular 
evolution of the H5N1 virus 
looks increasingly threaten-
ing. Yet scientists are also 
concerned that “pandemic fatigue” will 
lead governments to reduce their com-
mitments to develop and produce the 
vaccines, antivirals, and other agents 
that will be needed. What can be done 
to focus government attention on 
practical approaches to confronting 
an imminent pandemic?
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The Inadequacy of 
Current Antivirals and 
Inactivated Vaccines for 
Pandemic Control

For control of the next influenza 
pandemic, only limited supplies of 
antiviral agents will be produced. In 
addition, they will be expensive and 
available only in countries that can 
afford to stockpile them. Moreover, 
experience with the neuraminidase 
inhibitors (Tamiflu, etc) used to 
treat patients with H5N1 infection 
indicates that at current dose levels, 
they fail to improve survival rates.4 
Studies of larger doses, longer treat-
ment periods and newer agents are 
planned, yet even if these studies 
are successful, the difficult problems 
of inadequate supply and high cost 
will remain.

Inactivated (killed-virus) vaccines 
are the mainstay for controlling 
seasonal influenza and are regarded 
as the primary intervention for 
controlling the next pandemic. A 
pandemic vaccine, however, will 
take many months to produce, and 
producing an H5N1 vaccine will be 

especially difficult. The 
reverse genetics-engi-
neered seed strain used 
for producing an H5N1 
vaccine gives poor yields 
in vaccine production 
facilities (less than one 
third of those normally 
expected).1,2 Moreover, 
the vaccine by itself is 
poorly immunogenic and 
requires an adjuvant to 
improve immunogenic-
ity. Consequently, if con-

fronted today with an imminent 
H5N1 pandemic, the world’s vac-
cine companies could produce 
in six months enough doses of 
the most promising vaccine for-
mulation (an adjuvanted vaccine 
containing 3.75 µg hemagglutinin 
[HA]) to immunize with two doses 

approximately 700 million people.2 
This is fewer than the number of 
people who live in the nine major 
vaccine-producing countries: Aus-
tralia, Canada, France, Germany, 
Italy, Japan, the Netherlands, the 
United Kingdom, and the United 
States. In the US, the sole domestic 
vaccine producer could produce in 
six months enough doses to im-
munize only 130 million people. 
Recently, the United States licensed 
a nonadjuvanted H5N1 vaccine 
containing 90 µg HA per dose, but 
this vaccine will never be used. In 
Europe, several adjuvanted H5N1 
vaccines containing 3.75 to 30 µg 
HA per dose have been registered, 
yet none of these developments 
improve the prospects for global 
vaccine supply. More people 
might be immunized if vaccines 
considered to be potentially cross-
protective were stockpiled in ad-
vance, but this approach will be 
adopted in a limited way by very 
few countries.

Currently, almost all doses of 
inactivated influenza vaccine are 
produced in embryonated eggs. To 
increase production capacity, the 
US government has invested $1 bil-
lion to accelerate the construction 
of cell culture vaccine production 
facilities. In other countries, vac-
cine companies are making similar, 
though smaller, investments, usually 
without any government assistance. 
Despite these initiatives, four to five 
years are required to construct and 
obtain regulatory approval for new 
production facilities. Consequently, 
there is little chance that the poten-
tial global supply of conventional 
pandemic vaccines will increase 
substantially within this period.

Given these facts and the possibil-
ity that the next pandemic could be 
imminent, it is clear that antiviral 
agents will be available to only 
some of the people who live in a 

few developed countries. Moreover, 
people who live in countries that do 
not have vaccine companies (>85% 
of humankind) will have virtually 
no chance of receiving pandemic 
vaccines. For those who do live in 
countries with vaccine companies, 
vaccination will still be difficult.

Three New Approaches 
to Confronting an  
Imminent Pandemic

The fundamental reason why 
most of the world’s people will 
remain vulnerable to an imminent 
pandemic is the lack of global 
industrial capacity that will allow 
us to quickly produce adequate 
supplies of affordable inactivated 
vaccines and antiviral agents. None 
of the current efforts to develop 
vaccines and antivirals addresses 
this fundamental need. Thus, it is 
not surprising that initiatives for 
pandemic preparedness concentrate 
on community mitigation and non-
pharmaceutical interventions.5

Three new approaches could help 
us better confront an imminent 
pandemic. Two involve vaccines, 
one that is already licensed for 
seasonal use and another that could 
be licensed within one year. The 
third approach involves a generic 
medication that is widely available 
and inexpensive. It is not clear 
whether time will show these three 
approaches to be the best ways to 
confront a pandemic; other promis-
ing interventions in early stages of 
development may eventually prove 
to be better. Nonetheless, all three of 
these interventions share one unique 
and fundamental advantage: the 
industrial capacity already exists to 
produce them quickly in sufficient 
supply to meet global demand. 
What is lacking is the social imagi-
nation and political will to demon-
strate that they are efficacious and 
ensure they can be produced.
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A Live-Attenuated  
Pandemic Vaccine

A safe and effective live-attenu-
ated, cold-adapted, intranasal, 
trivalent influenza vaccine has 
been available for seasonal use in 
the US for several years, and it is 
now licensed in a refrigerator-stable 
formulation. Investigators are work-
ing to develop a similar vaccine for 
pandemic use. One such vaccine 
has been shown to protect against 
challenge infection with various 
H5N1 viruses in experimental 
animals.6

A live-attenuated H5N1 pandemic 
vaccine could have several practical 
advantages—one-dose, needle-free, 
intranasal administration; enhanced 
local immunity in the respiratory 
tract; and perhaps reliable cross-
protection against different clades 
of H5N1 virus. A small clinical trial 
has shown that a live-attenuated 
vaccine incorporating the HA of 
a current human H5N1 isolate is 
poorly immunogenic,7 but there are 
good reasons to believe that this 
would not be seen with a vaccine 
incorporating the HA from a highly 
transmissible pandemic virus. If an 
acceptably immunogenic, live-at-
tenuated H5N1 vaccine could be 
developed, it could not be used for 
prepandemic immunization because 
it might reassort with a circulating 

seasonal influenza virus and thereby 
gain increased transmissibility. 
However, it could be stockpiled 
for use once a new pandemic virus 
had emerged.

The company that produces the 
seasonal live-attenuated influenza 
vaccine currently has a limited ca-
pacity to produce a pandemic vac-
cine (45 million doses per month), 
although production capacity will 
increase significantly by 2011.8 
However, its production technol-
ogy is highly efficient and this is 
an enormous advantage; compared 
with trivalent vaccine production 
in cell culture or eggs, the number 
of doses of monovalent pandemic 
vaccine that could be produced 
could increase by either 100- or 
180-fold, respectively.8 The vaccine 
virus itself could be produced in any 
compatible facility: for example, the 
licensed facility of a company that 
would ordinarily produce virus for 
an inactivated H5N1 vaccine. Once 
the bulk vaccine virus had been 
produced, the other steps in the 
vaccine production process could, 
if necessary, be transferred to other 
facilities. It is also possible that 
animal influenza vaccine produc-
tion facilities could be used if they 
meet regulatory specifications. This 
would not disrupt production of 
conventional pandemic vaccines in 

human vaccine production facilities 
and would take advantage of the 
very large existing global capac-
ity for producing animal influenza 
vaccines, 80% of which is located 
in Asia.9 Given focused attention to 
clinical, regulatory, and industrial 
development, it is conceivable that 
several billion doses of a live-at-
tenuated, pandemic vaccine could 
be produced within a few months 
of the emergence of a new pan-
demic virus.

A Recombinant  
Hemagglutinin  
Pandemic Vaccine

Recently, a randomized controlled 
trial of a trivalent, seasonal, recom-
binant HA (rHA) vaccine showed 
it to be safe, immunogenic and 
probably clinically efficacious.10,11 
and an application for registration 
will be filed in the US in 2007. 
Given the similar immunogenicity 
of nonadjuvanted rHA H512 and 
split-virus H5N113 vaccines and the 
demonstrated antigen-sparing ef-
fects of adjuvanted H5N1 vaccines, 
an efficacious low-dose adjuvanted 
rHA H5 pandemic vaccine is a very 
real possibility.

Producing a pandemic vaccine 
involving rHA would first require 
cloning the gene for the pandemic 
virus HA in a baculovirus vector.11 
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Table 1. Number of people who could be immunized against an H5N1 pandemic with conventional 
egg-based or rHA vaccinesa (hypothetical)

Number of months of 
production

Amount of HA antigen 
(µg HA)

	
Egg-based vaccineb

	
rHA vaccinec

One 10 44 M 425M
3.75 117 M 1.1 B

Six 10 263 M 2.5 B
3.75 700 M 6.8 Bd

B = billion; HA = hemagglutinin; M = million; rHA = recombinant hemagglutinin.
aThe estimates for both vaccines assume that two doses of adjuvanted vaccine would be required for each person.
bThe estimate for egg-based production assumes that yields of reverse genetics-engineered H5N1 vaccine viruses would be 33% 	
of the yields for seasonal vaccine viruses and that the global capacity to produce egg-based seasonal vaccines is 350 million doses 
per year.2

cThe estimate for rHA production uses yields that are reduced to 25% of those estimated from the company’s pilot studies 	
and assumes that 25% (500,000 L) of the global pharmaceutical bioreactor capacity (2 million L) could be harnessed for rHA 	
vaccine production.
dIn 2005 the world population was estimated to be 6.45 billion people.
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This vector would be used to trans-
fect insect cells that are then grown 
in a pharmaceutical bioreactor. A 
similar system is already being used 
to produce a new human papillo-
mavirus vaccine. Thus, rHA antigen 
for pandemic vaccines could be 
manufactured in any existing phar-
maceutical bioreactor facility.

Pilot studies show that a 10,000 L 
bioreactor could produce one mil-
lion doses of a 135 µg rHA vaccine 
every five days.11 This information 
has been used to estimate the 
number of doses of pandemic rHA 
vaccine that might be produced 
worldwide (Dunnill P, Fedson DS, 
unpublished observations). Our 
estimate assumes that
	 •	 Five 5-day production cycles 

could be accommodated each 
month

	 •	 An effective adjuvanted rHA 
would need to contain only 10 
µg or 3.75 µg rHA per dose

	 •	 Twenty-five percent of the exist-
ing global pharmaceutical bio-
reactor capacity of two million 
L (approximately 60% of which 
is located in the US) could be 
diverted for several months to 
produce rHA antigen

	 •	 Large-scale production yields 
in existing bioreactor facilities 
might be only 25% of those 
projected from pilot study 
experience.

Given these assumptions, the esti-
mate of the number of doses of rHA 
vaccine that could be produced can 
be used to compare hypothetically 
the number of people who could 
be immunized worldwide with 
conventional egg-based inactivated 
H5N1 and rHA H5 vaccines (Table 
1). Three months’ global produc-
tion of the conventional vaccine 
(3.75 µg HA, adjuvanted) would 
be enough to immunize with two 
doses 350 million people. In con-
trast, three months’ production of an 

adjuvanted 3.75 µg rHA pandemic 
vaccine would be enough to immu-
nize almost 3.4 billion people. This 
number is probably greater than the 
number of people who could be 
effectively immunized by all of the 
world’s health care systems.

The contrasting scenarios shown 
in Table 1 are hypothetical. None-
theless, they give a good indication 
of the potential scale and speed of 
rHA H5 vaccine production when 
compared with that of conventional 
egg-based H5N1 vaccines; the in-
crease per month might be ten-fold, 
if not greater. Producing an rHA 
vaccine would improve dramatically 
the global prospects for pandemic 
vaccination.

Statins: A Possible  
Alternative for Treat-
ment and Prophylaxis  
of Pandemic Influenza

Because of the inadequacies of 
the current antiviral and vaccine 
approach to control an influenza 
pandemic, an effective alternative 
is needed. One possibility is to 
use medications that are already 
produced as generics and are avail-
able and affordable worldwide. 
Statins, the drugs used to treat high 
cholesterol levels and prevent heart 
disease, are one such group that 
should be considered.14 

The scientific rationale for the 
potential role of statins in pandemic 
influenza prophylaxis and treatment 
is based on their known anti-inflam-
matory and immunomodulatory ef-
fects.15 Statins might help control the 
aberrant innate immune response 
(cytokine storm) that characterizes 
human H5N1 infection,4 a response 
that could accompany infection with 
a virulent pandemic virus.14,16,17

Several observational studies have 
shown that recent prescriptions for 
statins are associated with 30% to 
50% reductions in hospitalizations 

for chronic obstructive pulmonary 
disease and pneumonia and 40% to 
60% reductions in pneumonia and 
all-cause mortality18–21 (Table 2). 
One observational study22 showed 
that statins had no effect on out-
comes in patients with pneumonia, 
although there were several prob-
lems with its methods, including 
the definition of statin users and the 
way propensity scores were used in 
risk adjustment (Table 2). None of 
these studies was able to address 
directly the question of whether it 
is necessary to continue or to initiate 
statin treatment after hospital ad-
mission. However, early inhospital 
statin treatment benefits patients 
with other conditions associated 
with cytokine dysregulation, such as 
acute myocardial infarction,23 major 
noncardiac surgery,24 and bactere-
mia.25 Moreover, withdrawing statin 
treatment after hospital admission 
can be harmful.23,26 These findings 
strongly suggest that in patients 
with pneumonia, the full benefits of 
statins will require continued treat-
ment after the onset of illness.

The observational studies of 
statins and pneumonia have pro-
vided an “epidemiological signal of 
protection” and clearly indicate the 
urgent need for additional research. 
Studies in animal models (especially 
ferrets and nonhuman primates) of 
acute H5N1 and 1918 influenza16,17 
could help determine whether statin 
treatment, with or without con-
comitant antiviral treatment, could 
help control the aberrant immune 
response that accompanies these in-
fections. In addition, observational 
studies of inpatient statin treatment 
of pneumonia patients in and out of 
influenza seasons would provide a 
strong indication of whether statins 
could benefit patients with seasonal 
as well as pandemic influenza.

The scientific argument for pan-
demic treatment and prophylaxis 
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with statins is persuasive, but it must 
be confirmed in experimental and 
clinical studies.14 If, however, statins 
are shown to be of benefit, the pub-
lic health argument for their use in 
a pandemic would be hugely com-
pelling. Currently, a five-day course 
of treatment with a neuraminidase 
inhibitor costs $60 to $90 in the US, 
and the global availability of these 
agents is limited. By contrast, ge-
neric statins are available worldwide 
and are inexpensive. In the US, a 
five-day course of treatment would 
cost approximately $1.75, whereas 
in a developing country such as 
India, it would probably cost less 
than $1.00.14 Moreover, unlike vac-
cines and antivirals, statins would 
be available in almost all countries 
on the first day of the pandemic.

Requirements for  
Developing and  
Implementing These 
New Approaches

Any effort to quickly produce 
very large numbers of doses of 
live-attenuated and/or rHA pan-

demic vaccines would first require 
demonstrating their immunogenicity 
and safety, a process that, if tightly 
organized, should take no more than 
a few months. Far more important 
and more difficult would be the 
planning and development needed 
to identify production facilities, 
validate scale-up and bioprocess-
ing procedures, sort out intellectual 
property and liability issues, ascer-
tain overall demand for the vaccines, 
and arrange guaranteed financing 
for vaccine production and distri-
bution. This could best be done by 
a top-down management system. 
Ideally, it would be coordinated 
by an international agency such as 
the World Health Organization. If 
this were not politically feasible, it 
would have to be undertaken by 
the governments of one or two 
countries. Government manage-
ment could be especially important 
for brokering and funding the col-
laborative arrangements between 
companies that otherwise might not 
have commercial reasons to work 
together. Although this enterprise 

would be unprecedented in scale 
and complexity, the governments 
of vaccine-producing countries 
must be mindful of the economic 
and political consequences of not 
undertaking it.

A strong argument can be made 
for simultaneously pursuing a 
bottom-up approach that seeks 
to demonstrate the rationale for 
treatment and prophylaxis using 
existing generic medications that 
modify the host response to serious 
influenza virus infections. Whether 
agents such as statins would be 
more effective when used alone or 
with concomitant administration of 
an antiviral agent will have to be 
determined. If they were found to 
be effective, their global availability 
and affordability could be critically 
important, especially for developing 
countries.

Conclusion
Influenza scientists have repeat-

edly warned that the next pandemic 
could be imminent and might be 
catastrophic. Yet the collective ef-

New Approaches to Confronting an Imminent Influenza Pandemic

Table 2. Improved outcomes from recent treatment with statins in patients with COPD and pneumonia
Principle investigator 

(reference)
Study design; number of study 

subjects
Outcome Adjusted odds ratio 	

(95% confidence interval)
Mancini18 Case control; 2907/98,917 COPD, hospitalization 0.71 (0.64–0.77)

All-cause mortality 0.49 (0.41–0.58)
Mortensen19 Retrospective cohort; 110/677 30-day pneumonia mortality 0.36 (0.14–0.92)

van de Garde20 Case control; 4719/15,322 Pneumonia, diabetes, 
hospitalization

0.50 (0.28–0.89)

Schlienger21 Case control; 1227/4734 Pneumonia, hospitalization 0.63 (0.46–0.88)
30-day pneumonia mortality 0.47 (0.25–0.88)

Mortensen* Retrospective cohort; 
1567/7085

30-day flu season pneumonia 
mortality

0.56 (0.40–0.79)

Hak* Retrospective cohort; 22,638 Pneumonia 0.62 (not stated)
All-cause mortality 0.49 (not stated)

Majumdar22 Prospective cohort; 325/3090 Hospital mortality/ICU 
admission (adjusted for 

administrative data only)

0.88 (0.63–1.22)

Age (adjusted for 
administrative data) 

pneumonia severity index 
and propensity score

1.10 (0.76–1.60)

COPD = chronic obstructive pulmonary disease; ICU = intensive care unit.
*Unpublished observations.
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forts of governments, companies, 
and international organizations 
such as the World Health Orga-
nization have failed to match the 
magnitude of the pandemic threat. 
In an analysis of another disaster 
that scientists had foreseen—the 
Challenger launch explosion—an 
American sociologist concluded27 
that the failure to prepare “… was 
a mistake embedded in the banality 
of organizational life and facilitated 
by an environment of scarcity and 
competition, elite bargaining, un-
certain technology, incrementalism, 
patterns of information … (and) … 
organizational structures … that 
normalized signals of potential 
danger and re-aligned action with 
organizational goals.” Stripped of 
its academic jargon, this statement 
is a stinging indictment of “business 
as usual.” In an analysis of cultural 
challenges to envisioning worst 
case scenarios,28 another author 
concluded, “A less than perfect 
trajectory cannot deter us. … We 
can do significantly better in fighting 
calamity and catastrophe than cur-
rent efforts allow. Given the stakes, 
… we would be truly remiss if we 
simply failed to try.”

The continuing occurrence of 
human H5N1 infections represents 
a very real and possibly imminent 
pandemic threat, one that in a worst 
case scenario could have unimagi-
nable consequences for human-
kind. Current evidence indicates 
that we cannot count on having 
adequate supplies of antivirals and 
inactivated vaccines to respond to 
this threat. Failure to understand our 
current predicament could be costly 
to people everywhere. 

Live-attenuated and rHA vaccines 
offer realistic near-term possibilities 
for global immunization. Statins rep-
resent another potentially promising 
approach to pandemic treatment 
and prophylaxis. Developing the 

scientific basis for the clinical use 
of these three interventions will 
require the efforts of investigators 
from many disciplines. At the same 
time, governments must begin to 
harness the resources and facilities 
that will be needed for their produc-
tion and distribution to all countries 
that will want to use them. The 
costs of not doing so could be 
incalculable. v
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No Warning
Mr Barry relates stories of people who went  

to work feeling well and dropped dead on the job 
with no warning.

— McMillen TL. The great influenza: the epic story of the deadliest 
plague in history. Perm J 2004 Fall;8(4):84.




