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The first influenza pandemic of the 21st century, due to a new strain of A(H1N1) virus, was declared on
11 June 2009 by the Director-General of the World Health Organization. Fortunately, the international
community, including influenza vaccine manufacturers, has been increasing its preparedness for such
an event, triggered by the need to stem the spread of the highly pathogenic avian influenza A(H5N1)
virus over recent years. Today, the development of a pandemic influenza vaccine in the fastest possible
time is a global priority. However, two major issues need to be taken into consideration: how long will
accine
nfluenza
andemic
easonal
(H1N1) influenza
roduction
apacity

it take to produce sufficient pandemic vaccine doses to immunize the global population at risk, includ-
ing poor populations that have no resources to purchase the vaccine; and how will pandemic vaccine
production affect availability of trivalent vaccine for the forthcoming 2009–2010 influenza season. To
address these questions, WHO carried out a survey in May 2009 among influenza vaccine manufacturers
on their planned seasonal and pandemic production with a view to developing recommendations on the
distribution and use of pandemic influenza vaccine.
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©

. Introduction

Following the recent emergence of a novel strain of influenza
(H1N1) virus, the world is affected by an influenza pandemic.
emarkably, for the first time ever, the management of this new

nfectious threat was possible in real-time as it evolved towards a
andemic. Among the various tools to mitigate the impact of an

nfluenza pandemic, vaccines are considered to be one of the most
ffective, not only to prevent the spread of the virus, but also to
educe the severity of illness and the impact of the disease [1].

The urgent development of a pandemic influenza vaccine raises
omplex challenges [2], especially at a time when seasonal vac-
ine production campaigns are ongoing. One of these challenges
s to ensure that sufficient seasonal influenza vaccine will still be
vailable to protect the most vulnerable populations. Indeed, sea-
onal influenza remains a formidable foe and kills an estimated
50,000–500,000 people every year. Therefore, stopping seasonal
accine production before sufficient doses have been produced
ay considerably endanger at-risk groups during the following

nfluenza season (currently from November 2009 in the Northern

emisphere).

Another challenge is to estimate the maximum production
apacity for new influenza A(H1N1) vaccine at full commercial-
cale, since this will determine the global availability of pandemic
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vaccine doses and guide the strategy for their distribution world-
wide.

In order to address these issues and to strengthen the evi-
dence supporting future policy guidance on new influenza A(H1N1)
vaccine use, the World Health Organization (WHO) conducted a
survey in collaboration with all influenza vaccine manufacturers
(or those that may soon be in a position to produce such vaccine)
to review the current status of Northern Hemisphere seasonal vac-
cine production and to project the potential supply of new influenza
A(H1N1) vaccine over a one-year period.

2. Methodology

A data entry form was developed in an Excel® workbook, using
Visual Basic Userform technology for optimum ease of use and to
limit data entry errors. The questionnaire was sent electronically
to 36 known or potential influenza vaccine manufacturers (ADIm-
mune Corporation; Asofarma; Baxter; Berna-Crucell; Biken; Bio
Farma; The Biovac Institute; Birmex; Cantacuzino Institute; China
National Biotec Group; CSL; Denka Seiken; Fiocruz; GlaxoSmithK-
line Biologicals; GPO Thailand; Green Cross Corporation; Institute
of Virology, Vaccines and Sera Torlak; Instituto Fundaco Butan-
tan; Ivac; Kaketsuken; Kitasato; MedImmune; Microgen; Nobilon;

Novartis Vaccines and Diagnostics; Omninvest; Panacea Biotec;
Protein Sciences Corporation; Razi Vaccine and Serum Research
Institute; Sanofi Pasteur; Serum Institute of India; Sinovac Biotech;
Solvay Pharmaceuticals; Vabiotech; Vacsera; Zhejiang Tianyuan
Bio-Pharmaceutical Corporation).

Ltd. All rights reserved.
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Table 1
Seasonal trivalent vaccine production capacity as of June 2009.

Total annual potential
capacity (106doses)

Season 2008-2009 Planned 2009-2010
Northern hemisphere
production (106 doses)

2008-2009 Northern
hemisphere production
(106 doses)

2009 Southern hemisphere
production (106 doses)

Group A companies 560.1 299.6 103.0 322.8
Group B companies 316.3 170.4 9.5 170.0

A 112.5 492.8

G doses of new influenza A(H1N1) vaccine per week. Group B companies (n = 18) are the
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Table 3
Projected formulations for new influenza A(H1N1) vaccine.

Total Whole
virion

Split
virion

Sub-unit Live
attenuated

Recombinant
protein

more than 85% of the production output of new influenza A(H1N1)
vaccine will come from group A companies. Table 4 also summa-
rizes the potential number of vaccine doses that might be reserved
that might be reserved for developing countries.

Table 4
Best-case production output of new influenza A(H1N1) vaccine and potential avail-
ability for developing countries.

All Group A
companies

Group B
companies

Weekly output (106 doses) 94.5 81.3 13.2
Yearly output (106 doses) 4,915 4,228 687
Manufacturers with 16/25 7/7 9/18
ll 876.4 470.0

roup A companies (n = 7) are those companies envisaging to produce at least 2 M
ther companies.

The questionnaire investigated each manufacturer’s trivalent
easonal vaccine production status at end-May, end-June and end-
uly 2009. The survey also asked whether manufacturers were
lanning to produce new influenza A(H1N1) vaccine. All 21 manu-

acturers that currently produce seasonal vaccine completed the
uestionnaire. A total of 25 manufacturers indicated that they
nvisaged producing new influenza A(H1N1) vaccine.

The responses of the 25 potential producers of new influenza
(H1N1) vaccine were analysed using automated functions devel-
ped in the same Excel® workbook used for the data entry. The
esults of the analysis were stratified into two groups of compa-
ies: group A comprising 7 manufacturers that reported being able
o produce at least 2 million (M) doses of new A(H1N1) vaccine per
eek, and group B comprising 18 manufacturers with less capacity.

. Results

As of June 2009, the total global annual capacity for triva-
ent seasonal influenza vaccine production stands at 876.4 M doses
Table 1), with large companies (group A companies) responsible
or 64% (560.1 M doses) of the capacity. The global figure comes
lose to that (917 M doses) estimated in a study recently pub-
ished by Oliver Wyman [3]. Only 66% (582.5 M doses) of the total
apacity was actually used in 2008–2009 (470.0 M doses for the
008–2009 Northern Hemisphere epidemic; 112.5 M doses for the
009 Southern Hemisphere epidemic). The target for 2009–2010
orthern Hemisphere production was reported at 492.8 M doses,
n approximate 5% increase over 2008–2009.

The status of 2009–2010 Northern Hemisphere production is
eported in Table 2. As of 31 May 2009, the status of bulk prod-
ct for the H1N1, H3N2 and B components of the trivalent seasonal
accine was 65.8%, 73.4% and 39.5% of total planned production,
espectively. At 30 June 2009, the projected status increases to 77.4%
H1N1), 80.9% (H3N2) and 74.4% (B) respectively. Finally, at 31 July
009, bulk antigen for H1N1, H3N2 and B is expected to reach 91.7%,
3.3% and 91.7% respectively of total planned production. The sta-
us of seasonal trivalent influenza vaccine available for 2009–2010

orthern Hemisphere vaccination is expected to reach 38.0%, 72.2%,
nd 91.2% of the planned production at end-May, -June and -July
009, respectively.

The plans for new influenza A(H1N1) vaccine production are
ummarized in Table 3. While most manufacturers intend to pro-

able 2
tatus of 2009–2010 Northern Hemisphere seasonal trivalent vaccine production.

H1N1a H3N2 B H1N1a /H3N2/B

Status Nb doses (106)

1 May 2009 65.8% 73.4% 39.5% 38.0% 187.3
0 June 2009 77.4% 80.9% 74.4% 72.2% 355.9
1 July 2009 91.7% 93.3% 91.7% 91.2% 449.6

a Seasonal H1N1.
Vaccines 33 9 14 4 5 1
Adjuvanted 12 6 3 3 – –

duce only one formulation of new influenza A(H1N1) vaccine, some
envisage the simultaneous production of two formulations. Thirty
three vaccine formulations were reported, most of them based on
whole-virion or split-virion antigen, and 12 products would be
adjuvanted (in most cases with aluminium hydroxide or as an oil-in
water emulsion).

The production output for new influenza A(H1N1) vaccine was
estimated based on three major assumptions: firstly, that the pro-
duction yield for the novel vaccine – usually in terms of HA antigen
content per egg – is similar to that usually obtained for seasonal vac-
cine; secondly, that the most dose-sparing formulation is selected
by each manufacturer; and thirdly, that production takes place dur-
ing 12 months at full capacity. Analysis of the responses provided
indicates that a maximum 94.5 M doses of new influenza A(H1N1)
vaccine could be produced per week in the best case scenario, corre-
sponding to about 4.9 billion (B) doses in one year (Table 4). Notably,
advanced purchase
agreementsa

Number of doses reserved at
minima during the first 12
monthsa (106)

1,500

Manufacturers willing to
reserve 10 % of doses for
developing countries

14/25 4/7 10/18

Corresponding committed
doses (106) per yeara

300

Manufacturers undecided
about provision of vaccine
to developing countries

11/25 3/7 8/18

Group A companies (n = 7) are those companies envisaging to produce at least 2 M
doses of new Influenza A(H1N1) vaccine per week. Group B companies (n = 18) are
the other companies.

a WHO Secretariat estimate.
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. Discussion

During the past few years, the international community has
een preparing actively for the emergence of an influenza pan-
emic, especially because of concerns about the highly pathogenic
vian influenza A(H5N1) virus. In 2006, WHO put together a global
andemic influenza action plan (GAP) [4] to increase the potential
upply of pandemic influenza vaccine. In 2007, the World Health
ssembly requested the constitution of a stockpile of H5N1 vac-
ine by WHO for pandemic response. Manufacturers have actively
nvested in research, development and evaluation of potential pan-
emic vaccines [5], as demonstrated by the approval by national
egulators of more than 20 mock-up dossiers and “prepandemic”
nfluenza vaccines between 2007 and 2009. The international com-

unity and WHO have also undertaken to transfer the technology
o produce influenza vaccine to developing country manufacturers.

As a consequence, the world is better prepared to respond to an
nfluenza pandemic. Several hurdles, however, remain. Although
roduction capacity in North America and western Europe has

ncreased significantly due to large investments by multinational
anufacturers and governments, the supply of enough pandemic

accine to immunize the world’s population – should this be needed
might still take four years [3]. With regard to the new influenza
(H1N1) strain, it is for the moment still unclear whether one or two
oses will be needed to induce full protection. Moreover, although
ew influenza A(H1N1) appears to be affecting higher numbers
f young and healthy people than seasonal influenza, the priority
roups for access to a new vaccine still need to be determined. WHO
ill issue recommendations on immunization strategies as soon as
ossible.

A shortage of seasonal vaccine may endanger the lives of many
ulnerable people. At the time of the present survey, 2009–2010
orthern Hemisphere seasonal vaccine production was already
nderway (production of the 2010 Southern Hemisphere seasonal
accine is expected to start during the fourth trimester of 2009). It is

eassuring in this perspective to note that, by the time most manu-
acturers will be technically ready to initiate large-scale production
f the pandemic influenza vaccine (June–July 2009), between 350
nd 450 M of the 492.8 M planned doses of seasonal vaccine will
lready have been produced.

[

[

[
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Accurate estimation of short- and medium-term production
capacity is a key element to evaluate how best to use new influenza
A(H1N1) vaccine. The potential output of 4.9 B doses of pandemic
vaccine per year reported in the present survey is a best-case sce-
nario, assuming among other factors that the most dose-sparing
formulation will be selected by each manufacturer and that pro-
duction will take place at full capacity. We estimate that if the
dose-sparing potential of oil-in-water-adjuvanted formulations is
not fully used, the overall estimated yearly availability of vaccine
would be reduced by about 40%. Moreover, our yearly output assess-
ment does not take into consideration the impact of forthcoming
seasonal vaccine production campaigns.

In view of the large number of vaccine doses already purchased
by industrialized countries (Table 4), the WHO Director-General, Dr.
Margaret Chan, and the United Nations Secretary-General, Mr Ban
Ki-moon, met with senior officials of vaccine manufacturers on 19
May to ask them to reserve part of their production capacity for poor
countries with no or little access to pandemic vaccine. Solidarity
and international collaboration will be critical components of the
response in the first months of the pandemic.
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