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Stockpiling prepandemic infl uenza vaccines: a new 
cornerstone of pandemic preparedness plans
Lance C Jennings, Arnold S Monto, Paul K S Chan, Thomas D Szucs, Karl G Nicholson

The history of pandemic infl uenza, along with the evolving epizootic of the highly pathogenic avian infl uenza A 
(H5N1) virus and the severity of associated human infections, serve as a warning to the world of the threat of another 
infl uenza pandemic. Conservative estimates suggest that up to 350 million people could die and many more would be 
aff ected, causing disruption to health-care systems, society, and the world’s economy. WHO has encouraged countries 
to prepare in advance by developing infl uenza pandemic preparedness plans that involve public-health and 
pharmaceutical interventions. Vaccination is a cornerstone of these plans; however, a pandemic vaccine cannot be 
manufactured in advance because the next pandemic virus cannot be predicted. The concepts of vaccine stockpiling 
and prepandemic vaccination have thus become attractive. Human H5N1 vaccines are currently available and can 
induce heterotypic immunity. WHO and governments should give urgent consideration to the use of these vaccines 
for the priming of individuals or communities who would be at greatest risk of infection if an H5N1 infl uenza 
pandemic were to emerge. 

Introduction
Infl uenza outbreaks have threatened the health of animal 
and human populations for centuries.1 In the last century, 
there were three human infl uenza pandemics: Spanish 
in 1918, Asian in 1957, and Hong Kong in 1968. The 1918 
pandemic caused the most severe morbidity and mortality 
of the three pandemics, and is estimated to have killed 
40–100 million people, predominantly young healthy 
adults, in less than 1 year.1–3 Although the 1957 and 1968 
pandemics were much milder, and caused an estimated 
2 million and 1 million deaths, respectively, mainly in 
elderly people,4 they still stressed the capacity of the 
health systems of many countries to respond. It is 
impossible to predict when the next pandemic will occur, 
although it is important that we learn as much as we can 
from past pandemics. 

The 1957 (H2N2) and 1968 (H3N2) infl uenza A viruses 
both evolved after the reassortment of the circulating 
human infl uenza A virus with an avian virus. The 
retention of the neuraminidase (N2) gene during the 
evolution of the H3N2 virus meant that most people 
exposed to the previous H2N2 virus had some heterotypic 
immunity and were partially protected, thus limiting the 
impact of the pandemic.5,6 The 1918 A (H1N1) virus is 
now known to have evolved directly from an avian 
antecedent,7 eff ectively entering a highly susceptible 
population with little or no pre-existing immune 
protection. Another pandemic involving a virus with the 
pathogenicity approaching that of the 1918 virus could 
have a far more devastating outcome economically and 
socially, particularly as the world’s population has more 
than trebled to about 6·5 billion.8–10 Estimates of between 
175–350 million people could die worldwide.8 

The evolving avian infl uenza epizootic 
Since late 2003, an epizootic of the highly pathogenic 
avian infl uenza A (H5N1) virus has been occurring 
among domestic poultry.3,11 The H5N1 virus is continuing 
to evolve, with ten clades now recognised, and diff erences 

between the viruses within individual clades occurring.12 

Human infections and deaths were initially reported in 
Vietnam and Thailand, and have subsequently occurred 
in an increasing number of countries.13 Clusters of 
human infection have been small, suggesting that if 
human-to-human transmission is occurring, it is very 
ineffi  cient. However, the overall mortality of H5N1-
confi rmed cases exceeds 60%, which is of concern.13

Although the H5N1 virus is a likely candidate for the 
next human infl uenza pandemic, other avian infl uenza 
viruses (subtypes H7 or H9) have recently caused 
infections in human beings and are possible candidates 
for the next human infl uenza pandemic.14 Nevertheless, 
the H5N1 virus has given us a reminder of how lethal 
infl uenza can be both in animals and human beings. For 
this reason, WHO’s present level of pandemic infl uenza 
alert remains at phase 3 (table).4,15

Current pandemic preparedness planning
As of August 2008, 47 countries had published 
preparedness plans for pandemic infl uenza16,17 following 
repeated calls from WHO.18–20 The primary objectives of 
these plans are to mitigate the medical, social, and 
economic consequences of an infl uenza pandemic. 
Control strategies in these plans are categorised as 
(1) non-pharmaceutical (or public-health) measures, and 
(2) pharmaceutical measures, which include antivirals 
and vaccines. Non-pharmaceutical measures range from 
case isolation, household quarantine, school or workplace 
closure, restrictions on travel, to hand-washing and basic 
respiratory hygiene or cough etiquette, which may slow 
the eff ects of pandemic infl uenza, whereas only antivirals 
and vaccines are clearly effi  cacious in preventing infection 
or treating illness.21

Antiviral drugs
Antivirals are now being produced in increasing 
quantities. However, to ensure that they are widely 
available at the beginning of the next pandemic, WHO 
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has encouraged health authorities to consider 
stockpiling antiviral drugs, and many countries now 
have active stockpiles of the neuraminidase inhibitors 
oseltamivir and zanamivir.22 At least 40 countries have 
stockpiles of neuraminidase inhibitors to cover more 
than 5% of their total population (24 can cover more 
than 25%, 12 more than 30%, and two 50% or more; 
Smith J; F Hoff mann-La Roche Ltd, CH-4070, Basel; 
personal communication, May, 2008). WHO has also 
established an antiviral stockpile of oseltamivir for 
rapid response to an emerging infl uenza epidemic.23 
The stockpiling of the adamantanes (M2 protein 
inhibitors) has been discouraged because of potential 
adamantane resistance among recent H5N1 viruses.24 
The development of high levels of adamantane 
resistance among seasonal human infl uenza A viruses 
since 2004 has compounded this concern.25 Furthermore, 
recent reports of high levels of resistance to oseltamivir 
among infl uenza A (H1N1) viruses in some world 
regions reinforces the need for multiple pharmaceutical 
strategies to be included in preparedness planning.26 

Vaccination
The primary strategy for prevention and control of 
infl uenza, particularly pandemic infl uenza, is vaccin-
ation.27 However, in identifying the lessons learned from 
the three pandemics of the last century, WHO has 
pointed out that, although vaccines were available in 1957 
and 1968, limited production capacity resulted in the late 
arrival of inadequate quantities, and thus their impact on 
a pandemic remains to be shown.28

WHO has also clearly identifi ed the need to develop the 
control strategies already in place for seasonal infl uenza 
as an important part of pandemic preparedness: “In the 
best-case scenario, an infl uenza pandemic will cause 
excess mortality at the extremes of the lifespan and in 
persons with underlying chronic disease. As these risk 

groups are the same as during seasonal infl uenza 
epidemics, countries with good programmes for seasonal 
infl uenza vaccination will have experience in the logistics 
of vaccine administration to at least some groups 
requiring priority protection during an infl uenza 
pandemic. While such a strategy can reduce excess 
mortality, sudden and large increases in morbidity, and a 
correspondingly high demand for medical care, should 
nonetheless be anticipated”.29

Global and timely access to vaccines will be of 
paramount importance. However, the current infl uenza 
A (H5N1) threat, and attempts to develop a vaccine 
against this evolving virus, have led to an awareness of 
several new challenges that now include vaccine antigen 
content in addition to vaccine manufacturing capacity. 

Current infl uenza vaccine strategies
Seasonal vaccines
The most widely used seasonal vaccines are the trivalent 
inactivated infl uenza virus vaccines containing three 
viruses: two infl uenza A viruses (H1N1 and H3N2), and 
an infl uenza B virus (15 µg haemagglutinin protein of 
each virus).30 Adults require a single dose of vaccine to 
establish protective levels of antibody, whereas children 
aged 6 months to 8 years require two doses because they 
are more likely to be immunologically naive.31 Seasonal 
infl uenza outbreaks and epidemics occur as new infl uenza 
virus variants emerge through mutations in the 
haemagglutinin and neuraminidase genes, resulting in 
antigenic drift. These changes are suffi  cient to require 
modifi cation of the seasonal infl uenza vaccine each year. 
WHO holds two vaccine formulation meetings annually 
to make recommendations on the most up-to-date vaccine 
composition for the northern hemisphere (in February) 
and southern hemisphere (in September). Seasonal 
trivalent  vaccines  are  standardised  on  their  haemagglutinin 
content, the most abundant viral surface protein, with 

Phases Overarching public-health goals

Interpandemic period

Phase 1 No new infl uenza virus subtypes have been detected in human beings. An infl uenza 
virus subtype that has caused human infection may be present in animals. If 
present in animals, the risk of human infection or disease is thought to be low

Strengthen infl uenza pandemic preparedness at the global, 
regional, national, and subnational levels

Phase 2 No new infl uenza virus subtypes have been detected in human beings. However, a 
circulating animal infl uenza virus subtype poses a substantial risk of human disease

Minimise the risk of transmission to human beings; detect 
and report such transmission rapidly if it occurs

Pandemic alert period

Phase 3 Human infection(s) with a new subtype, but no human-to-human spread, or at 
most, a rare instance of spread to a close contact

Ensure rapid characterisation of the new virus subtype and 
early detection, notifi cation, and response to additional cases

Phase 4 Small cluster(s) with limited human-to-human transmission, but spread is highly 
localised, suggesting that the virus is not well adapted to human beings

Contain the new virus within limited foci or delay spread to 
gain time to implement preparedness measures, including 
vaccine development

Phase 5 Larger cluster(s), but human-to-human spread still localised, suggesting that the 
virus is becoming increasingly better adapted to human beings, but may not yet be 
fully transmissible (substantial pandemic risk)

Maximise eff orts to contain or delay spread, to possibly avert 
a pandemic, and to gain time to implement pandemic 
response measures

Pandemic period

Phase 6 Pandemic: increased and sustained transmission in general population Minimise the impact of the pandemic

Table: Phases and overarching public-health goals of WHO’s global infl uenza preparedness plan4
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little attention being placed on the neuraminidase 
content, because, unlike antibodies to haemagglutinin, 
the anti-neuraminidase antibodies induced are not 
neutralising and do not prevent infection, although they 
do attenuate virus replication and disease severity.32

Prepandemic vaccines
Prepandemic infl uenza virus vaccines are developed in 
response to a pandemic threat before WHO pandemic 
phase 6 (table). They may be developed against human 
isolates of animal infl uenza viruses that are challenging 
the species barrier and have caused or are causing 
sporadic human infections, but have not established 
effi  cient and sustained human-to-human transmission, 
and are regarded by WHO as a potential pandemic threat. 
Because emergence in human populations necessarily 
indicates genetic changes within the novel (ie, not 
currently circulating) infl uenza virus, and because drift 
may have taken place, it is diffi  cult to tell whether the 
prepandemic vaccines will be a good match for the 
pandemic strain that ultimately emerges, and thus 
protection may vary. 

Most populations are expected to be susceptible to 
infection with a novel pandemic virus, and two doses of 

vaccine (a priming dose followed by a booster dose) are 
likely to be required to provide adequate protection.33 
Pandemic infl uenza, in the recent past, has been 
associated with viruses that are substantially diff erent 
antigenically (ie, have undergone an antigenic shift) from 
the virus strains that have previously circulated. 

Pandemic vaccines
The production of a vaccine that matches the newly 
emerged infl uenza strain cannot begin until after a 
pandemic virus has emerged. Thus, a well-matched 
vaccine is unlikely to be available before the virus 
begins to spread. To develop a fully eff ective pandemic 
infl uenza vaccine that is close in antigenic characteristics 
to the circulating virus and for distribution to commence 
is currently estimated to take at least 4–6 months from 
the time a pandemic is declared by WHO and vaccine 
seed stock made available, with current vaccine 
technology.4 

Spread of the next pandemic virus is thought likely to 
be enhanced by international air travel, giving the world 
little time to prepare vaccine for the fi rst wave of disease. 
Even during the 19th century (1889 and 1899) pandemics, 
when only steamship travel was available, the virus had 
spread across the Atlantic to the USA within 2 months of 
activity in Europe.34 A pandemic infl uenza vaccine is thus 
very unlikely to be available in time.

In September, 2006, WHO released an action plan to 
increase the pandemic infl uenza vaccine production 
capacity (panel).35 The plan is the product of a consultation 
that identifi es and prioritises practical solutions for 
reducing the potential shortfall in pandemic infl uenza 
vaccine supply.

Existing vaccine production capacity
The current global seasonal infl uenza vaccine-
manufacturing capacity is estimated at 565 million doses 
per year of trivalent vaccine.36 This production capacity 
could theoretically provide 1·7 billion doses of 
same-strength (15 µg haemagglutinin) monovalent 
pandemic vaccine for less than 18% of the global 
population. Assuming that two doses of vaccine will be 
required to provide adequate protection,33 850 million 
people could be vaccinated with a 15 µg monovalent 
vaccine, leaving 80–90% of the global population 
unprotected.37

Initiatives by the Infl uenza Vaccine Supply International 
Task Force are underway to establish new and expand 
existing vaccine production capacity. Currently, over 95% 
of the global manufacturing capability is based in nine 
countries (Australia, Canada, France, Germany, Italy, 
Japan, Netherlands, UK, and USA).8,30 Other countries, 
including China, have either started or are planning to 
manufacture infl uenza vaccines. WHO now projects that 
by 2010, global production capacity for trivalent vaccine 
will be 1 billion doses.36 Despite these eff orts, if a pandemic 
infl uenza virus emerges in the near future, vaccine 

Panel: WHO’s action plan to increase the global production 
and supply of pandemic infl uenza vaccine35

1 Develop an immunisation policy to increase demand for 
seasonal vaccines 

 Develop regional and national plans for seasonal infl uenza 
vaccination programmes

 Mobilise resources for the implementation of seasonal 
infl uenza vaccination programmes

2 Increase infl uenza vaccine production capacity 
 Increase capacity for inactivated infl uenza vaccines:

• Improve production yield of H5N1 viruses and 
immunogenicity of prototype H5N1 inactivated 
vaccine 

• Build new production facilities in developing and 
developed countries 

 Assess formulations of infl uenza vaccine other than those 
commonly used for seasonal vaccine:
• Do clinical trials of adjuvant vaccines 
• Explore the possibility to scale-up production of live, 

attenuated infl uenza vaccines 
• Further assess whole-cell vaccines 

 Assess alternative vaccine delivery routes (ie, intradermal 
administration)

3 Promote research and development for new infl uenza 
vaccines 

 Enhance protective effi  cacy and immunogenicity of 
existing vaccine types

 Develop novel vaccines that induce broad-spectrum and 
long-lasting immune responses

 Improve evaluation of vaccine performance

For the Infl uenza Vaccine 
Supply International Task Force 

see http://www.ifpma.org/
infl uenza
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supplies would fall short of the anticipated global demand. 
Furthermore, the task of vaccinating a global population 
of 6·5 billion people within a limited timeframe, which 
will place enormous operational and logistic demands on 
public-health authorities, has barely been considered.38 

WHO has consistently encouraged countries to expand 
the use of seasonal vaccines as a strategy for increasing 
capacity. However, many countries are not currently 
using infl uenza vaccine and do not have infl uenza 
vaccination guidelines in place.39 The European Scientifi c 
Working Group on Infl uenza and Asia–Pacifi c Advisory 
Committee on Infl uenza have focused on infl uenza 
awareness education, and support the development of 
guidelines in countries for the vaccination of those at 
greatest risk from infl uenza: elderly people and 
individuals with certain ongoing medical conditions, 
including children from 6 months of age.31 Initiatives 
that are now being introduced in some countries involve 
decreasing the age eligibility for government-subsidised 
vaccine from 65 years to 50 years and the vaccination of 
healthy children up to 2 years or 18 years of age, whereas 
universal vaccination has been introduced in Ontario, 
Canada. The movement towards universal vaccination 
would help sustain manufacturing capacity building. If 
countries in southeast Asia and Asia–Pacifi c regions, 
including India and China, which contain approximately 
52% of the world’s population, start using infl uenza 
vaccine routinely, then global manufacturing capacity 
will increase, and surge capacity for pandemic vaccine 
production would be substantially improved. However, 
the H5N1 global threat is upon us and alternative 
strategies need to be considered to ensure an equitable 
vaccine supply. 

Mechanisms that ensure vaccine availability
To ensure that the pharmaceutical industry is ready to 
manufacture a pandemic vaccine when it is needed, 
government and industry funding initiatives are 
supporting the development of pandemic prototype 
vaccines. These vaccines (so-called “mock-up” infl uenza 
vaccines) mimic a potential future pandemic infl uenza 
vaccine in terms of its composition and manufacturing 
method. In the event of an infl uenza pandemic, the 
marketing-authorisation holder of the mock-up vaccine 
can submit additional data to allow the introduction of 
the actual pandemic strain into the vaccine. The European 
regulatory authorities approved the fi rst mock-up 
infl uenza vaccines in 2007.40 The US Food and Drug 
Administration, the Australian Therapeutics and Goods 
Administration, and the Japanese Pharmaceuticals and 
Medicinal Devices Agency will also need to harmonise 
strategies for the fast-tracking of vaccine registration.

Government funding in the form of advanced 
purchasing agreements with the pharmaceutical industry 
has given additional fi nancial security to the industry.41 
These contracts, in principle, will ensure that these 
countries will have access to a vaccine after the next 

pandemic is declared. However, the possibility of 
governments nationalising vaccine production during a 
pandemic will remain.8 

Other vaccine strategies
Strategies of vaccine supply and demand have generally 
focused on inactivated vaccines, although other vaccine 
strategies are also being explored.42 These strategies have 
attempted to improve and broaden infl uenza vaccine 
immunogenicity by allowing the use of lower (antigen 
sparing) doses.30,43 Progress was initially slow because of 
the poor immunogenicity of the strain A (H5N1) 
haemagglutinin antigen.

Subunit vaccines
Initial reports of a safe and immunogenic inactivated 
subunit A (H5N1) vaccine showed a requirement for 
90 µg haemagglutinin doses a month apart (total 180 µg) 
to produce protection in 50% of the trial participants.44 
With the current seasonal infl uenza vaccine manu-
facturing capacity (requiring 15 µg haemagglutinin of 
each of three viruses), production of a pandemic vaccine 
in large quantities would not be feasible.45 Furthermore, 
the surge capacity required in egg production would not 
be possible. Early studies on inactivated subunit vaccines 
against low pathogenic avian viruses suggest that these 
vaccines were poorly immunogenic by comparison with 
seasonal infl uenza H1 and H3 subtype vaccines, and that 
two doses and administration with an adjuvant were 
needed to produce an adequate response.46

Adjuvanted vaccines
Whole-virus H2N2 and H9N2 vaccines containing 
1·9–7·5 µg haemagglutinin, combined with aluminium 
adjuvant, were found to be adequately immunogenic 
after two doses in naive adults.47 However, in trials with 
the A/Vietnam/2004 (H5N1; clade 1) virus, immuno-
genicity was not improved at haemagglutinin 
concentrations below 30 µg by the aluminium hydroxide 
adjuvant.48 Proprietary oil-in-water adjuvants (ie, MF59) 
have the advantage that they are licensed and well 
tolerated.49,50 Other novel oil-in-water emulsion or 
squalene adjuvants (ie, AS03 and AP03)51 are undergoing 
clinical trials. In a trial of an H5N1 clade 1 split-virus 
vaccine, with and without AS03 adjuvant, and containing 
3·8 µg, 7·5 µg, 15 µg, and 30 µg haemagglutinin, the 
adjuvanted vaccine at all dose levels met the European 
Committee for Medicinal Products for Human Use 
(CHMP) and US FDA criteria for seroconversion and 
seroprotection after two doses. The unadjuvanted vaccine 
met the CHMP criteria only at the 30 µg dose.52 

Adjuvanted H5 infl uenza vaccines have, in addition to 
increasing seroconversion rates, been shown to elicit a 
cross-clade antibody response.53 In a recent trial, more 
than 75% of vaccinees who received 3·8 µg 
AS03-adjuvanted H5N1 clade 1 inactivated vaccine 
developed neutralising antibodies against a clade 2 
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strain.52 These AS-adjuvanted H5N1 split candidate 
vaccines (≥3·8 µg) have also been shown to produce full 
cross-protection in ferrets.54 Although this fi nding will be 
diffi  cult to confi rm in human clinical trials, it does 
support the potential pandemic role for ameliorating 
disease of this and other vaccines that evoke similar high 
titres of cross-clade antibodies.

Evidence is also becoming available on the persistence 
of H5N1 antibodies for at least 6 months after primary 
vaccination. Early studies on the immunogenicity of 
MF59-adjuvanted H5N3 vaccine showed that two-thirds 
of vaccinees had protective levels of antibody 16 months 
after primary vaccination.55 After a primary series of two 
doses of unadjuvanted H5N1 vaccine,44 immune memory 
was retained for at least 6 months, and after a third dose, 
an amnestic response occurred that was substantially 
greater than after the second dose.56

Another attraction towards adjuvanted vaccines is the 
possibilities for stockpiling, because the antigen and 
adjuvant could theoretically be stored separately. This 
would allow the stockpiling of individual H5N1 clade 
vaccines or other candidate pandemic vaccines that could 
be updated as necessary to match newly emerging virus 
strains.57 Storage strategies and the shelf life of both the 
vaccine (currently <1 year) and adjuvants will need to be 
explored.

Cell-culture-based vaccines
Cell-culture-based infl uenza vaccines have been developed 
and are currently being submitted for licensure. They 

have the potential for faster scaling-up of production 
capacity after a pandemic alert and will have one important 
advantage over conventional inactivated vaccines that rely 
on the production of millions of embryonated hens’ eggs, 
because their supply and handling are likely to be limiting 
factors with pandemic vaccine production. Preliminary 
unpublished data suggest that protective immunity 
against H5N1 viruses is developed, that this immunity is 
cross-protective, and that non-adjuvanted formulations 
are highly immunogenic.58

Live, attenuated virus vaccines
The live, attenuated infl uenza virus (LAIV) vaccine 
approach is also a promising option for pandemic 
vaccination, because seasonal LAIV vaccines are highly 
immunogenic in unprimed populations and a single 
dose will provide a protective immune response. LAIV 
H5N1 vaccine candidates are currently being assessed in 
clinical trials.58 Cross protection between diff erent clades 
of H5N1 virus has been shown in mice and ferrets.59 
However, if these LAIV vaccines are used in naive 
populations, transmission and reassortment with 
circulating human viruses may lead to the emergence of 
a virus with increased virulence.27 This concern can be 
dealt with by restricting the deployment of LAIV vaccines 
until after the initiation of an infl uenza pandemic. A 
major advantage of LAIV vaccines is their superior 
production capacity and the possibility for the 
pre-production and stockpiling of a range of candidate 
pandemic vaccines. The development, assessment, and 
storage of H2, H4, and H6–16 candidate vaccine seed 
virus stocks would be required in advance.

New technologies
Clearly, vaccines are now available that are safe, allow 
antigen dose sparing, show high levels of immunogenicity 
in association with an adjuvant, and, at least for A (H5N1) 
viruses, induce cross-clade immunity that is relatively 
long-lasting. However, the search for a universal vaccine 
continues.60 Of the newer technologies, the baculovirus 
recombinant haemagglutinin antigen vaccines seem to 
have the potential for large-scale production, and like 
cell-culture vaccines, do not require large numbers of 
hens’ eggs.61 Furthermore, these newer technologies 
could potentially shorten the time for vaccine availability 
after a pandemic is declared.

Strategies for vaccine use
Vaccines to a novel infl uenza virus can potentially be 
used during two of the three WHO infl uenza pandemic 
periods (fi gure): (1) during the pandemic period as a 
pandemic vaccine (strategy 2); (2) as a pandemic emerges, 
based on evidence of human-to-human transmission of a 
novel virus and a WHO pandemic alert (strategy 3); and 
(3) early in the pandemic alert period as a prepandemic 
vaccine when there is heightened risk of a novel virus, as 
currently exists with the H5N1 virus (strategy 4).

Phases 1 & 2 Phases 3 & 4 Phase 6Phase 5

Strategy 1:
Seasonal vaccine

Strategy 2:
Pandemic vaccine

Strategy 4:
Prepandemic vaccine
(population priming)

Prepandemic

3−4 weeks4−6 months

3–4 weeks

3–4 weeks 4–6 months

Stockpile

Annual Annual Annual (?)

Pandemic

Partial (cross)
protection Direct protectionDose 1 Dose 2 Dose 3

Partial (cross) protection Direct protectionDose 2 Dose 3Dose 1

Direct
protectionDose 2Dose 1

Dose 2Dose 1 Direct protection

Strategy 5:
Prepandemic vaccine 
(outbreak control)

Stockpile

Interpandemic Pandemic alert

Strategy 3:
Prepandemic vaccine

Stockpile Stockpile Partial (cross)
protection 

Figure: The use of infl uenza vaccines during WHO’s interpandemic, pandemic alert, and pandemic periods 
(1) Seasonal vaccines are likely to be produced and administered during a pandemic alert period; however, 
uncertainty will remain about their continued production and their usefulness during a pandemic. (2) Pandemic 
vaccines can only be produced once a novel pandemic virus has been identifi ed and, with current technology, are 
unlikely to be available during the fi rst wave. (3) Prepandemic vaccines, if produced and stockpiled in advance, 
could be used at the start of the next pandemic for targeted or population priming, followed by boosting with the 
pandemic vaccine. (4) Prepandemic vaccines could be used for targeted or population pre-emptive priming during 
the early pandemic alert phases. (5) Prepandemic vaccines could also be used for targeted outbreak control. 
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Simulation modelling has provided insights into how 
best to use a prepandemic vaccine, such as the human 
H5N1 vaccine either before pandemic phase 6 for virus 
containment or during phase 6 for mitigation of 
disease.62,63 The control of an emerging pandemic at its 
source is theoretically possible by use of a range of 
interventions that include quarantine, physical 
distancing, antivirals, and vaccines.38 A prepandemic 
vaccine, however, would need to be used as early as 
possible for containment to be achieved (fi gure).62 
Relatively few doses of prepandemic vaccine would be 
required. However, there would be many challenges in 
getting the vaccine to the outbreak, especially in isolated 
areas, distributing it, and administering it to the targeted 
population. During phase 6, models suggest that the use 
of a prepandemic vaccine, even if it is a poor match to the 
pandemic strain and only available as a single dose, 
would mitigate morbidity and mortality.38,63 Early 
intervention, irrespective of WHO pandemic phase, will 
require adequate availability of vaccines. 

Challenges in the stockpiling of vaccines
The stockpiling of candidate infl uenza vaccine strains 
has in recent years been mooted as a pandemic 
preparedness strategy, but until late 2006, was not seen 
as a real possibility.64 However, with the development and 
production of a safe inactivated subunit A (H5N1) 
vaccine,44 discussion on how best to use it has become 
possible. A major issue with this early inactivated H5N1 
vaccine, which required 180 µg haemagglutinin, was that 
large quantities would need to be produced and stockpiled 
in advance of a pandemic.45 Now with improved 
immunogenicity of egg-based vaccines through the use 
of adjuvants and the recent development of cell-culture 
vaccines, antigen sparing is possible and stockpiling of 
prepandemic human H5N1 vaccines has become an 
option in the short term for WHO and governments. In 
the longer term (next 5–10 years) other options will 
undoubtedly become available.

Recent clinical trials with adjuvanted subunit H5N1 
vaccines suggest that some cross-clade neutralising 
antibody responses are produced, opening the possibility 
of a stockpiled human H5N1 vaccine being used as a 
prepandemic vaccine and administered to prime a 
population. The vaccine could then be given in advance, 
with full protection being provided by a pandemic vaccine 
that matches the pandemic virus (assuming it to be an 
H5N1 virus) as the pandemic advances (fi gure). The 
obvious time to use such a vaccine is after there is 
evidence of a novel virus emerging and spreading in a 
population (WHO phase 4 or 5). However, a major issue 
with waiting until it has emerged is that two doses will be 
needed and logistical diffi  culties may mean that it is 
delivered too late. 

The maximum benefi t from using a prepandemic 
vaccine may be gained from priming populations before 
phase 4, when systematic supply, distribution, and 

vaccination strategies can be put in place. Furthermore, 
the persistence of immune memory for at least 6 months 
and subsequent amnestic response after a third delayed 
booster dose supports this approach.56 Countries that 
may initially benefi t from this are those currently aff ected 
by the circulation of H5N1 virus in avian species. Two 
doses of vaccine are thought to be required; however, 
evidence on the eff ectiveness of a single priming dose 
needs to be obtained. The experience of adverse events 
from the use of monovalent H1N1 vaccine for mass 
vaccination in 1976, in the face of an unconfi rmed H1N1 
threat,8,65 ensures that a high degree of caution will 
continue to remain around such an approach. If a 
priming strategy before phase 4 were to become an 
acceptable strategy, the inclusion of an H5N1 antigen 
into existing seasonal infl uenza vaccines should be 
assessed.56,66 In future, it may be possible to use such a 
strategy to prime against multiple clades of H5N1 virus 
and the H2, H6, H9, and other infl uenza viruses of 
concern.

Ethical and other considerations will have been taken 
into account for the use of vaccines in country-specifi c 
pandemic plans. However, information on age-specifi c 
attack rates and severity of a novel virus will need to be 
established as soon as possible after such a virus starts to 
spread. This information will be pivotal for the best use 
of stockpiled prepandemic vaccines, whether to protect 
individuals at greatest risk of severe disease or target 
specifi c groups such as health-care workers and other 
essential workers to ensure the overall protection of 
public health and social stability. Decision making will 
also be dependent on how much vaccine is available, in 
which case, prioritisation issues will need to have been 
established in advance.

The use of the evolving stockpiles of H5N1 vaccine in 
the current pandemic alert period is unclear. However, as 
these vaccines near their expiry date, governments will 
need to decide whether they are used or wasted. Possible 
uses are in clinical trials to further assess their safety and 
effi  cacy in larger numbers of people, or alternatively, in 
certain populations deemed to be at higher risk.

Access to vaccines by low-income countries
Broader access to vaccines is an issue, particularly for 
countries that have no vaccine manufacturing capability 
or cannot aff ord stockpiling as part of their pandemic 
preparedness planning. The creation of a global stockpile 
of H5N1 vaccine was seen to be feasible by the WHO 
Strategic Advisory Group of Experts (SAGE) in April, 
2007.67 The consensus was that H5N1 vaccines had now 
been shown to be safe and immunogenic, and that the 
production of vaccines providing cross-protection was 
also realistic. Furthermore, it was also seen as possible to 
separately develop a mechanism to ensure broader access 
to pandemic infl uenza vaccine for use in countries 
without infl uenza vaccine production capability or 
resources to create national stockpiles.67,68 Subsequently, a 
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donation of 50 million doses of H5N1 adjuvanted human 
vaccine, over the next 3 years, was made to support 
WHO’s stockpiling initiative.

A follow-up SAGE meeting in November, 2007, 
recommended that the WHO stockpile should be 
increased to 150 million doses, of which two-thirds was 
to be reserved for resource-poor countries and one-third 
for outbreak management.69 The mechanisms for 
management and coordination for the recommended 
stockpile were not agreed on and other issues regarding 
sustainability have yet to be resolved.70

Several countries are planning or have already 
established stockpiles of H5N1 vaccine.71 Eight countries, 
all medium to high-income nations, have human H5N1 
vaccine stockpiles of sizes ranging from an estimated 
1·7% to 50% of the population covered (Jennings LC, 
unpublished data). Although no consensus exists on 
stockpile volumes, these initiatives are providing industry 
with experience in producing novel infl uenza vaccine 
candidates at a commercial scale and providing 
confi dence for industry to develop new technologies. 
Funding issues still remain for many countries and 
strategies used by the Pan American Health Organization 
for the purchase of childhood vaccines could well be 
extended to include the stockpiling of prepandemic 
infl uenza vaccines.

The way forward
Although the current H5N1 avian epizootic is 
unprecedented, whether it will eventually evolve into an 
H5N1 pandemic is unclear. Because of the high mortality 
associated with H5N1 human infections in teenagers and 
young adults, as seen during the 1918 pandemic, and the 
high economic burden of pandemic infl uenza, we simply 
cannot aff ord to ignore it as a major global threat. The 
concerns are that a pandemic vaccine will be produced 
too late to ameliorate the fi rst and possibly the second 
waves of a pandemic. Antiviral drugs for treatment and 
post-exposure prophylaxis could reduce attack rates, but 
only if given after symptom onset to patients and their 
contacts.

A prepandemic vaccine stockpile has the potential to 
cut the number and severity of cases, but only if two 
doses are delivered before the onset of a pandemic, which 
may be logistically diffi  cult to organise. Moreover, a 
vaccine stockpile that is stored for use at the onset of a 
pandemic may need to be replaced because of loss of 
potency, which would increase the fi nancial costs. There 
might be no warning of a pandemic and phases 4 and 5 
may not be recognised.

However, prepandemic priming has the potential to 
evoke a more rapid antibody response that might 
ameliorate the disease, cutting hospital admissions, 
deaths, and onward transmission of the virus. A downside 
is the possibility of an unexpected severe side-eff ect or 
other serious rare events, either from the vaccine or the 
adjuvant, which could damage subsequent seasonal 

vaccination programmes. We therefore think that WHO 
and governments should give urgent consideration to the 
potential risks and benefi ts of priming people who would 
be at greatest risk of infection if a pandemic of H5N1 
infl uenza were to emerge (frontline laboratory and 
health-care workers), with the view to cautiously 
introducing a programme of immunisation. Such a 
programme is likely to vary from country to country and 
the decision to proceed could depend on the assessment 
of risk based on the current occurrence of H5N1 infl uenza 
in avian species.
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