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Vaccines will be an important element in mitigating the impact of an influenza pandemic. While research
towards developing universal influenza vaccines is ongoing, the current strategy for vaccine supply in a
pandemic relies on seasonal influenza vaccine production to be switched over to pandemic vaccines.
Understanding how much vaccine could be produced, in which regions of the world and in what timeframe
is critical to informing influenza pandemic preparedness. Through the Global Action Plan for Influenza
Vaccines, 2006-2016, WHO promoted an increase in vaccine production capacity and monitors the land-

5‘;{ ggredS: scape through periodically surveying influenza vaccine manufacturers. This study compares global capacity
Influenza for production of influenza vaccines in 2019 with estimates from previous surveys; provides an overview of
Seasonal countries with established production facilities; presents vaccine production by type and manufacturing
Pandemic process; and discusses limitations to these estimates. Results of the current survey show that estimated
Production annual seasonal influenza vaccine production capacity changed little since 2015 increasing from 1.47 bil-
Capacity lion to 1.48 billion doses with potential maximum annual influenza pandemic vaccine production capacity

increasing from 6.37 billion to 8.31 billion doses. However, this figure should be interpreted with caution as
it presents a best-case scenario with several assumptions which may impact supply. Further, pandemic vac-
cines would not be immediately available and could take four to six months for first supplies with several
more months needed to reach maximum capacity. A moderate-case scenario is also presented of4.15 billion
doses of pandemic vaccine in 12 months. It is important to note that two doses of pandemic vaccine are
likely to be required to elicit an adequate immune response. Continued efforts are needed to ensure the sus-
tainability of this production and to conduct research for vaccines that are faster to produce and more
broadly protective taking into account lessons learned from COVID-19 vaccine development.
© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY IGO license. (http://crea-
tivecommons.org/licenses/by/3.0/igo/).

1. Introduction

The year 2018 marked 100 years since the onset of “Spanish flu”
which spread around the globe in three waves, estimated to have
infected one third of the global population and to have killed up

Abbreviations: CVV, candidate vaccine virus; ERL, Essential Regulatory Labora-
tories; GAP, Global Action Plan for Influenza Vaccines; GISRS, Global Influenza
Surveillance and Response System; HA, haemagglutinin; IIV, inactivated influenza
vaccine; LAIV, live attenuated influenza vaccine; LMIC, Low- and middle-income
countries; NRA, national regulatory authority; PIP, Pandemic Influenza Prepared-
ness Framework; QIV, quadrivalent influenza vaccine; SMTA2, Standard Material
Transfer Agreements 2; TIV, trivalent influenza vaccine; VLP, virus-like particle.
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to 50 million people [1,2]. At that time, neither a vaccine nor con-
ventional antibiotics to treat secondary bacterial infections were
available and the causative agent remained unknown for many
years [3-5]. It was not until the early 1930s that influenza A
viruses were first isolated [6]. Since 1918, three less severe influ-
enza pandemics have occurred: A(H2N2) in 1957 “Asian influen-
za”, A(H3N2) in 1968 “Hong Kong Influenza” and A(H1N1)pdm0Q9
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in 2009 [7,8]. While the estimated attributable excess mortality
due to the last three pandemics was far less than that of the
1918 pandemic, the threat of a severe pandemic caused by a respi-
ratory viral infection remains. This threat is now being demon-
strated, not by influenza but through the ongoing COVID-19
pandemic, and the world is currently racing to develop a vaccine
for a pathogen where no vaccine has ever existed. By using innova-
tive trial design and accelerated regulatory pathways, some specu-
late that it may take as little as 12-18 months to develop a COVID-
19 vaccine while others feel this is too optimistic, and questions
are being raised about whether the scale of production will be able
to meet global needs [9,10]. As of November 2020, eight months
after the pandemic was declared, several vaccine candidates have
reached clinical trials with some showing very promising prelimi-
nary efficacy results [11-13].

When it comes to pandemic influenza vaccines, while the time-
frames are still not optimal, the world is better prepared with over
70 years of influenza vaccine research, production and use [3]. Cou-
pled with infection prevention and control and clinical case manage-
ment, vaccination will play an important role in mitigating the
spread and impact of an influenza pandemic. An effective and safe
vaccine provides a way to potentially ease socially and economically
restrictive public health measures, including physical distancing,
lock-downs and travel bans. However, in order to protect the global
population, sufficient doses of vaccine will be required and will need
to be distributed in a timely, effective and equitable manner.

As influenza evolution is a complex process, involving mutation
and recombination as well as multiple hosts, it is not currently pos-
sible to predict when the next influenza pandemic will occur and
what the exact strain will be. In practice this currently means that
production of candidate vaccines will likely occur after a pandemic
strain is identified and there will not be an immediate supply of vac-
cine. This also means that constant global surveillance of influenza
viruses is required. Through the Global Influenza Surveillance and
Response System (GISRS) circulating influenza viruses are closely
monitored and assessed for pandemic potential. Based on this risk
assessment, WHO issues recommendations for the development
of candidate vaccines viruses (CVVs) for zoonotic influenza sub-
types with potential to cause a pandemic in humans; this is done
in addition to the twice annual recommendations for the composi-
tion of seasonal influenza vaccines for the Northern and Southern
Hemispheres [14]. In addition to having a readily-available stock-
pile of CVVs for these potentially pandemic viruses, further devel-
opment of zoonotic influenza virus vaccine candidates, such as for
H7N9 and H5N1 subtypes, may also prove beneficial as this pro-
vides manufacturing experience with these strains and can inform
on production yields as well as dosing requirements based on
immunogenicity assessment in preclinical studies and in clinical
trials [15-17]. All of these steps can potentially save time in the race
to produce and distribute a pandemic influenza vaccine.

Although new platform technologies and improved influenza
vaccines are on the horizon, the current strategy for vaccine supply
in a pandemic still relies heavily on seasonal influenza vaccine pro-
duction capacity. Existing production facilities for seasonal influ-
enza vaccines can be switched over to produce pandemic
influenza vaccines that could potentially become available to the
population between four and six months after the declaration of
a pandemic [18,19]. There are currently three types of seasonal
vaccines available on the market, inactivated influenza vaccines
(IIV), live attenuated influenza vaccines (LAIV) and recombinant
vaccines [20]. Current influenza vaccines can be manufactured
using embryonated chicken eggs (egg-based) or using cell-culture
(cell-based) as the substrate for production [21]. Understanding
the types and amount of vaccine that could be produced on a glo-
bal scale, in what timeframe and under which conditions is a crit-
ical component for planning the response to an influenza
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pandemic. This knowledge can also provide guidance on the role
that novel platform technologies, such as mRNA vaccines, could
play in overcoming such limitations or in augmenting supply.

In 2006, WHO launched the Global Action Plan for Influenza Vac-
cines (GAP) to serve as a ten-year strategy with the overarching goal
to increase equitable access to pandemic influenza vaccines, includ-
ing through increasing global production capacity to be able to pro-
duce enough vaccine to immunize 70% of the world’s population
with two doses of a pandemic vaccine within six months from the
availability of the vaccine virus strain to manufacturers. While one
dose of vaccine was sufficient to confer adequate immune protection
during the 2009 A(H1N1)pdmO09 pandemic, a two-dose strategy
may be needed for other influenza subtypes, such as H5N1, to which
the wider population has no prior immunity. At the launch of the
GAP, the annual global production capacity for influenza vaccines
was estimated to be just 500 million doses of seasonal vaccine and
1.5 billion doses of pandemic vaccine with the vast majority of pro-
duction located in high-income countries [22]. Ten years later, at the
close of the GAP, this annual production capacity was estimated to
have almost tripled, reaching 1.47 billion doses of seasonal vaccine
and potentially translating to capacity to produce 6.37 billion doses
of monovalent pandemic vaccine [22]. In addition, an expansion of
production capacity in low- and middle-income countries (LMICs)
was observed [22]. This expansion in production capacity was par-
tially due to a technology transfer project under GAP where WHO,
supported by partners including US Biomedical Advanced Research
and Development Authority (BARDA) and PATH, provided seed
funding and technical support to vaccine manufacturers located in
LMICs to establish local influenza vaccine manufacturing [23].

However, this capacity was still insufficient to meet the GAP
targets of two doses for 70% of the population and the production
was estimated over a 12-month period. The estimate on pandemic
vaccine production also represented a best-case scenario with sev-
eral assumptions and limitations [22].

Moreover, to improve equitable access to pandemic influenza
vaccines, under the Pandemic Influenza Preparedness (PIP)
Framework, WHO has entered into legally binding Standard
Material Transfer Agreements 2 (SMTA2) with industry to ensure
manufacturers’ commitment to providing vaccines (and other
products) to WHO in the event of an influenza pandemic to dis-
tribute to countries in need. Under these agreements, vaccine
manufacturers commit to donate a percentage of their real-time
vaccine production to WHO and reserve a percentage of real-
time vaccine production at affordable pricing to WHO. As of
May 2020, 13 influenza vaccine manufacturers have signed
SMTA2 agreements [24].

In February 2019, building on the global assets and capacities
established through GISRS, GAP and the PIP Framework, WHO
launched the Global Influenza Strategy 2019-2030 to provide an
overarching mechanism for WHO, countries and other stakehold-
ers to strengthen influenza prevention, control and preparedness
[25]. To assess implementation of the strategy, WHO will also con-
tinue to monitor global production capacity for influenza vaccines
as one of six high level measures.

In this study we sought to update previous estimates [22,26,27]
including stratifying the estimates by vaccine technology and by
World Bank Income classification of countries [28]. We present a
best-case scenario and a moderate case scenario. In addition, we
sought to determine what amount of vaccine might be available to
WHO for distribution to countries in need through the PIP SMTA2
mechanism. The results of this study also provide a baseline figure
for the monitoring of vaccine production capacity under the Global
Influenza Strategy. This article summarizes the results of a review
of influenza vaccine manufacturing and a survey administered to
influenza vaccine manufacturers to assess their production capacity
for seasonal influenza and pandemic influenza vaccines.
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2. Methods
2.1. Methods for gathering information

WHO maintains a database of influenza vaccine manufacturers,
including information on vaccine type, formulation and substrate
for production. Prior to issuing this survey, in April 2019, a desk
review of manufacturers’ websites and a Google search using the
manufacturers’ names and “influenza” was conducted to deter-
mine if any major changes had been reported since the 2015 sur-
vey as described in news articles or press releases. Reviews of
PubMed and clinicaltrials.gov were also conducted in May 2019
to determine if any phase 3 seasonal trials had taken place since
2015 with influenza vaccines from new producers. The PubMed
review used keywords “Influenza[Title] AND vaccine[Title] AND
2015/01/01:2019/05/01[dp]” and was filtered by Clinical Trial,
Phase 3. The Clinicaltrials.gov search used keywords “influenza”
under the field Condition or disease; “Vaccine” under other types
and was limited to Interventional Studies (Clinical Trials) and
Phase 3, the search was limited to studies starting from 1 January
2015 to 1 May 2019. The websites of new producers were searched
to see if the product development was still active and if so they
were then contacted to see if they had completed product develop-
ment before sending the survey.

A series of questions (see supplementary material) was devel-
oped in Microsoft Word and the survey was sent to 36 manufactur-
ers via email. Manufacturers were informed that all collected data
would be presented in an aggregated manner for the purpose of
estimating global production capacity of influenza vaccines. The
survey was based on previous surveys with additional questions
added [22,26,27]. Questions included general information about
the types of influenza vaccines being produced (production plat-
form, formulation, etc.) and manufacturers were asked to report
maximum production capacity if operating at full scale. Questions
about access to dose sparing adjuvants and whether they expected
to have adequate supplies and filling capacity to meet their maxi-
mum capacity in the event of a pandemic were included.

We included only established influenza vaccine manufacturers
in our dataset. “Established” manufacturers were defined as those
that had already achieved licensure of influenza vaccines and with
a currently functional production facility or with licensed facilities
on standby for the production of vaccine in the event of a pandemic
(relevant for one manufacturer). We excluded manufacturers with
facilities or vaccines still under development; however, these will
be monitored and included in future surveys if successful in their
product development and licensure.

For manufacturers that did not reply to our survey, provided
that they still appeared to be active in influenza vaccine production
as confirmed by their website or through their national regulatory
authority (NRA), we used publicly available data or information
shared with WHO previously [22] for which WHO has permission
to use in an aggregated manner.

Triangulation of the data was done using several sources: this
survey, previously reported information, and information in the
public domain to ensure there we no major discrepancies.

2.2. Methods for calculating production capacity

For these estimates we calculated production capacity as num-
ber of doses able to be produced, rather than number of vaccine
courses, which, in a pandemic, could be more than one dose per
person. Seasonal influenza vaccines contain either three strains
of influenza (trivalent influenza vaccines, TIV) or four strains
(quadrivalent influenza vaccines, QIV). For the best case-scenario
we assumed that the same amount of antigen normally needed
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for each seasonal strain would be sufficient for a monovalent pan-
demic vaccine and that the vaccine virus strain would be able to be
produced at similar yields to seasonal viruses, therefore pandemic
production capacity can be calculated by multiplying seasonal
capacity by three (TIV) or by four (QIV). For the moderate case sce-
nario we assumed that twice the amount of antigen would be
required to elicit an adequate immune response. We applied this
method to calculate potential monovalent pandemic vaccine
capacity based on a manufacturer’s seasonal production capacity
unless a manufacturer provided another figure based on their
own assessments. We also factored in adjuvants for some manu-
facturers as described below.

Some adjuvants have been shown to enhance the immune
response and have dose sparing effects for both inactivated and
recombinant influenza vaccines. While several adjuvants are in
development for influenza vaccines, the adjuvants that we factored
into our estimates were MF59 and ASO3. Both adjuvants are
squalene-based, have been demonstrated to have dose-sparing
effects in randomized controlled clinical trials and are also present
in several licensed influenza vaccines [29]. Their dose sparing
effects have varied depending on the subtype of influenza. For
H5N1 and H7N9 inactivated influenza vaccines that have been
tested in clinical trials, the dose sparing effects of these adjuvants
have allowed an adequate immune response at either 3.75 pg of
haemagglutinin (HA) (a quarter of the amount of antigen present
for each strain of seasonal influenza) or 7.5 pg of HA (half the
amount of antigen present for each strain of seasonal influenza)
[30-32]. MF59 is used in FLUAD Pediatric™/FLUAD®, a seasonal
inactivated influenza vaccine indicated for young children
(6 months to less than 2 years of age) and older adults (65 years
of age and older) as well as in a licensed H5N1 vaccine which con-
tains 7.5 pg of H5SN1 HA with two doses of the vaccine to be given
21 days apart [33,34]. In the case of ASO3 it has been included in
licensed H5N1 and H1N1 vaccines at 3.75 ug of HA per dose
[35,36]. One dose was adequate for HIN1; for H5N1 two doses of
vaccine given 21 days apart are required. We therefore factored
in the increased capacity that might be achieved for three manu-
facturers with access to these adjuvants.

2.3. Assumptions used for calculating production capacity

There are several challenges that will impact the production of
influenza vaccines in the event of a pandemic and several assump-
tions have been made in calculating this production capacity:

e Manufacturers would not be in the middle of seasonal vaccine
production and could “switch” their production to pandemic
vaccine immediately upon availability of the pandemic virus
sequence or candidate vaccine virus.

The pandemic influenza vaccine strain will grow equally well in
eggs and cells as compared to seasonal vaccine viruses. While
this was the case for HIN1, other subtypes may not always
grow as well [17].

In the event of a pandemic, there will be an adequate supply of
eggs. That is, egg-laying poultry would not be compromised if
the pandemic also affects poultry and adequate supplies would
be available even if the pandemic occurs off season when some
manufacturers may not normally order eggs.

There would be no delays in any of the production steps. Influ-
enza vaccine production is a time-intensive process, activities
are often inter-related and a delay in one activity may impact
the overall timelines.

Manufacturers would have sufficient filling lines available to fill
their vaccine into vials or syringes to meet their maximum
capacity.
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e Adequate workforce protection measures would be in place to
ensure continued production.

e There would be a sufficient and timely supply of other reagents
and supplies, such as vials, syringes and functioning transport
networks, to deliver the vaccine.

e Adjuvants (MF59 and AS03) would allow half the amount of
antigen to result in an adequate immune response, thus dou-
bling capacity for those manufactures with access to these
adjuvants.

3. Results and discussion

In order to maintain individual manufacturer confidentiality
production capacity figures are presented in an aggregated
manner.

3.1. Production landscape

Of the 36 manufacturers identified for the survey, three were
found to be only conducting fill/finish and packaging operations,
and two replied that they were no longer producing influenza vac-
cines. These five were excluded from our analysis. Seven did not
complete the survey but responded to confirm that they were still
active and provided information on their production capacity. Five
manufacturers did not reply but still appeared active (as confirmed
through their website or in some cases by the NRA), in this case we
used information reported previously to WHO [22] and supple-
mented this with any new information found in the public domain.
For one new manufacturer with a product licensed in 2019 the
information on production capacity was obtained from the NRA.
In total 18 manufacturers completed the 2019 survey.

A total of 31 national and multinational vaccine manufacturers
with a combined total of 40 different influenza vaccine bulk man-

Table 1
Established influenza vaccine manufacturers.”
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ufacturing facilities in 18 countries are included in our final dataset
(Table 1). Countries with at least one active influenza vaccine pro-
duction facility are: Australia, Brazil, Canada, China, France, Ger-
many, Hungary, India, Iran (Islamic Republic of), Japan, Mexico,
Nicaragua, Russian Federation, Republic of Korea, the Netherlands,
Viet Nam, United Kingdom of Great Britain and Northern Ireland
and United States of America. It should be noted that manufactur-
ers in an additional three countries, Kazakhstan, Serbia and Thai-
land, were in the final stages of establishing influenza vaccine
production capacity in 2019 (see Fig. 1). We also found that fill/fin-
ish operations for influenza vaccines are taking place in Argentina,
Indonesia and Saudi Arabia, although we did not do a comprehen-
sive review of fill/finish facilities. Production is occurring in almost
all regions of the world with the exception of Africa (see Table 2). It
is important to note that of the 40 active production facilities, none
are located in low-income countries, five are in lower-middle
income countries, 15 in upper-middle income and 20 in high-
income countries (see Table 3).

3.2. Production capacities

Estimated production capacity is described below and summa-
rized in Table 4.

3.2.1. Seasonal influenza vaccines

On a global scale, in 2019, there was estimated capacity to pro-
duce 1.48 billion doses of seasonal influenza vaccines over a 12-
month period (Fig. 2). It is important to note that this is not an esti-
mate of current production, which is based on demand for seasonal
influenza vaccines, but rather how much vaccine could be pro-
duced if manufacturers were to operate at full scale. While sea-
sonal influenza vaccine production capacity appears to have
stabilized since 2011 in terms of number of doses, this does not

Manufacturer Bulk vaccine production sites (countries) Vaccine type
Abbott Biologicals B.V The Netherlands 1V, egg-based
Adimmune Corporation China 1V, egg-based

AstraZeneca PLC
Bayerpaul Group

The United Kingdom

BIKEN Co., Ltd Japan

Changchun BCHT Biotechnology Co. China

China National Biotec Group (CNBG) China (2 facilities)
CPL biologicals Pvt. Ltd India

Daiichi Sankyo Japan

Dalian Aleph Biomedical Co., Ltd. China

Denka Seiken Co., Ltd. Japan

Fluart Innovative Vaccines Kft Hungary

FORT, Itd. Russian Federation

GC Pharma Republic of Korea
GlaxoSmithKline (GSK) Canada, Germany
Hualan Biological Engineering Inc. China

1I-Yang Pharm Republic of Korea
Instituto Butantan Brazil

Institute of Vaccines and Medical Biologicals (IVAC) Viet Nam

Jiangsu GDK Biotechnology Co., Ltd. China

KM Biologics Co., Ltd. Japan

Mechnikov Institute Nicaragua
Microgen Russian Federation
Sanofi Pasteur

Seqirus

Serum Institute of India Pvt. Ltd. India

Sinovac Biotech Ltd. China

SK Bioscience Republic of Korea
SPbNIIVS Russian Federation
Takeda Japan

Zydus Cadila India

Iran (Islamic Republic of)

China, France, Japan, Mexico, the USA (2 facilities)
Australia, the United Kingdom, the USA

LALV, egg-based

1V, egg-based

1V, egg-based

LAIV, egg-based

1V, egg-based

recombinant VLP, cell-based

1V, egg-based for seasonal, cell-based for pandemic
1V, egg-based

1V, egg-based

1V, egg-based

1V, egg-based

1V, egg-based

1V, egg-based

1V, egg-based

IV, egg-based

1V, egg-based

1V, egg-based

1V, egg-based

11V, egg-based for seasonal, cell-based for pandemic
1V, egg-based

IV and LAIV, egg-based

1V, egg-based and recombinant, cell-based
1V, egg-based and cell-based

LALV, egg-based

1V, egg-based

1V, cell-based

1V, egg-based

Approved facility for cell-based pandemic IIV
1V, egg based

" Information presented in this table is available in the public domain as provided in supplementary information Table 1.
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Countries with Influenza Vaccine Production in 2019

Date of slide: 30 November 2020
Map production: Immunization, Vaccines and Biologicals (IVB), World Health Organization (Wt
Data source: WHO database

Disclaimer:

nd names shown and

d on this map o not imply the part of the World Health Organization

concerning
border fnes for which there may not yet be fll agréement.
World Health Organization, WHO, 2020. Al rights reserved

Table 2
Number of active influenza vaccine production facilities by WHO region.

WHO Region Number of production facilities
African Region 0

Region of the Americas 7

Eastern Mediterranean Region 1

European Region 9

South-East Asia Region 3

Western Pacific Region 20

take into account increasing production of QIV (containing an addi-
tional B strain) by several large-scale manufacturers since its intro-
duction in 2013, requiring typically an extra 33% of antigen per
dose. This means that maximum production capacity for monova-
lent pandemic vaccines has continued to increase over this period
despite the levelling off in production of individual seasonal doses.
It should also be noted that six small scale facilities ceased produc-
tion of influenza vaccines since the last survey in 2015, and, while
this has been offset by the establishment of seven new producers,
this is of concern as it demonstrates issues with the sustainability
of smaller producers. A few additional producers are expected to
come online in the coming years and will be included in potential
future surveys. Demand for seasonal influenza vaccines has
remained level in recent years [37,38], although there have been

tatus of any country, teritoy, city or area nor o its authorites, or concerning the deimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate

Active production

Late stage development
Fill/finish operations
Not available

Not applicable

0 875 1750

y’@ World Health
% Organization

Fig. 1. Countries with influenza vaccine production and fill/finish facilities in 2019 (active or in late stage development).

3500 Kilometers

oo0mpEm

reports of increasing demand for influenza vaccines in 2020 related
to the current COVID-19 pandemic and concerns about co-
circulation with influenza [39-41].

The majority of seasonal vaccines are produced using embry-
onated eggs, representing 84.5% of global production capacity
while cell-based vaccines represent 15.5% of capacity. Inactivated
influenza vaccines (IIV) represent 89.6% of global production
capacity for seasonal influenza vaccines. In general, seasonal 11V
are dosed at 15 ug of antigen per strain, meaning that in total sea-
sonal vaccines contain either 45 pg of total antigen for TIV, which
cover three influenza strains, or 60 pg of antigen for quadrivalent
vaccines QIV, which cover four strains. IIV are the most widely
used influenza vaccines and can be given to all individuals from
6 months of age [42].

For live attenuated influenza vaccines (LAIV), there are two
types available on the market, based on either the “Ann Arbor”
backbone or the “Leningrad” backbone. Potency, or antigen content
for seasonal vaccines is determined as 6.5-7.5 log fluorescent focus
units (FFU) for Ann Arbor-based LAIV or at least 6.5-7 log 50% egg
infected dose (EIDsp) for Leningrad-based LAIV [43,44]|. There is
one producer of the Ann Abor LAIV (AstraZeneca PLC) and three
producers of the Leningrad LAIV (Changchun BCHT Biotechnology
Co., Microgen, Serum Institute of India Pvt. Ltd.). LAIV is generally
recommended for use in children > 2 years and is contraindicated
for pregnant women and immunocompromised individuals [42].

Table 3
Number of active influenza vaccine production facilities by income status of country of production.*
Income status Number of production % of global production capacity % of global production capacity % of world
facilities (seasonal) (pandemic) population”
Low-income 0 0% 0% 9%
Lower-middle 5 2% 1% 38%
income
Upper-middle 15 29% 19% 37%
income
High-income 20 69% 80% 16%

" World Bank Classification 2019.

“ World Bank Population 2019, https://databank.worldbank.org/data/download/POP.pdf.
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Table 4
Summary of estimated production capacities in 2019.
Breakdown of production capacities Seasonal Pandemic
Influenza influenza
Total Annual Production Capacity
Seasonal influenza vaccines 1.48 billion
doses
Pandemic influenza vaccines 4.15 billion
(moderate case) doses
Pandemic influenza vaccines (best 8.31 billion
case) doses
By vaccine type
v 89.6% 88.9%
LAIV 5.0% 3.4%
Recombinant 5.4% 7.7%
By substrate
Embryonated eggs 84.5% 79%
Cell culture 15.5% 21%

Switch to QIV by some manufacturers
"y

>

1.6

=

1.4
1.2
0.8

0 III “\ I‘\ “\ “\

0.6
0.4
0.2
2006 2011 2013 2015 2019

Billions of doses

Fig. 2. Estimated total annual seasonal production capacity over time (since 2006).

LAIV represent 5.0% of total seasonal influenza vaccine production
capacity.

Regarding recombinant vaccines, there are only two types
licensed: Sanofi Pasteur’s Flublok and CPL Biologicals’ Cadiflu-S.
Flubok is a protein-based vaccine containing recombinant HA pro-
duced in insect cell culture using the baculovirus expression sys-
tem. For seasonal influenza vaccines the HA content is 45 ug per
antigen (or 180 pg for QIV) [45]. Cadiflu-S is produced by incorpo-
rating the gene sequences of three immunogenic proteins of influ-
enza (HA, NA and M1) to produce a virus-like particle (VLP) vaccine
using the baculovirus expression system [46]. Both vaccines are
indicated for individuals above 18 years of age [47,48]. Recombi-
nant vaccines represent 5.4% of capacity.

Of the 30 manufacturers producing seasonal influenza vaccines,
thirteen manufacturers produce TIV only, ten produce QIV only
and seven manufacturers are producing both TIV and QIV.

3.2.2. Pandemic influenza vaccines

We calculated that in a best-case scenario, an estimated 8.31
billion doses of pandemic vaccine could be produced in a 12-
month period. Assuming a moderate-case scenario, we estimated
that 4.15 billion doses could be produced (Fig. 3). However, there
are many factors that may impact this production as described
above in Section 2.3. Production capacity for pandemic vaccines
has continued to grow since 2006, when it was estimated to be just
1.5 billion doses. Increased production facilities, a switch of many
producers to quadrivalent vaccines, and access to dose-sparing
adjuvants is a major contributing factor. Since the last survey in
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B Moderate case

m Best
8 est case
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w 6
(]
(%]
(e}
S 5
°
o
g 4
S
a3 3
2
1 ‘
0
2006 2011 2013 2015 2019

Fig. 3. Estimated potential annual pandemic production capacity over time (since
2006). Best case scenario - manufacturers would be able to operate at full scale
with no limitations on supplies/reagents, the pandemic strain would grow equally
well in eggs/cells as seasonal strains and the same amount of antigen as normally
used for each seasonal strain would be enough to elicit an adequate immune
response. Moderate case scenario — manufacturers would be able to operate at full
scale with no limitations on supplies/reagents, the pandemic strain would grow
equally well in eggs/cells however twice the amount of antigen as per each strain of
seasonal would be required to elicit an adequate immune response.

2015, pandemic vaccine capacity has expanded by nearly 2 billion
doses.

Egg based vaccine production represents 79% of pandemic pro-
duction capacity and 21% is cell based. These proportions differ
from seasonal vaccine production as: there are two manufacturers
who produce seasonal vaccine on eggs but have approval to pro-
duce cell-based vaccines for pandemics; some of the manufactur-
ers with cell-based production produce QIV thus quadrupling
their capacity for pandemic; and additionally, there is one manu-
facturer that has an approved facility for production of cell based
IIV in the event of a pandemic but does not produce seasonal influ-
enza vaccines. IIV represent 88.9% of pandemic production capac-
ity while LAIV and recombinant vaccines represent just 3.41%
and 7.7% of capacity, respectively (Table 4).

Vaccine supply would not be immediate in the event of a pan-
demic and could take 4-6 months for first supplies of vaccine to be
available to the population. It would then take several months of
continued production to reach maximum capacity. For 11V, which
represents 89% of pandemic vaccine production capacity, it is esti-
mated that, if starting from scratch, it would take 23-24 weeks
from the time that the recommendation of the pandemic virus is
made and its genetic sequence uploaded to the subsequent avail-
ability of first doses of vaccine ready for deployment (see Fig. 4)
[18,49]. This timing takes into account: (1) the time needed for
the CVV to be prepared, characterized, safety tested by the reas-
sorting laboratories and shipped to manufacturers; (2) the time
needed for the manufacturers to assess the CVVs for yield and
growth characteristics, prepare clinical lots and conduct clinical
trials and the time for vaccine production, formulation, packaging
and distribution; (3) the time needed for the Essential Regulatory
Laboratories (ERLs) to prepare reagents necessary to measure
potency and for lot release; (4) the time for NRAs to assess the vac-
cine for licensure and release the vaccines [18].

The timing of production of LAIV is slightly shorter than inacti-
vated vaccines, estimated to take 21 weeks from the time that the
genetic sequence is uploaded to the subsequent availability of vac-
cine ready for deployment [18]. Recombinant vaccines are much
faster to produce as there is no need to wait for CVVs to be devel-
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WEEK NUMBER SINCE RECEIPT OF VIRUS MATERIAL (wt virus or sequence)

Reassorting Labs Reassortant development | Development of CVVs for distribution

WHO CCs and Reassorting Labs | Reassortant evaluation CVVs characterization including safety and shipping

4156 [7[8 |9 [10 11 [12 [13 [14 [15 [16 [17 [18 [19 |20

Biosafety/GMO approval

Manufacturers Reassortant assessment CVVs Yield and growth characteristics

Development Clinical lot production

Clinical trials Recruitment and Execution

Serology

ADR monitoring

Vaccine Production Antigen production

Vaccine Formulation/Packaging/Distribution

ERLs Reagents Preparation of purified HA (for sheep immunisation)

Production of reagents

Calibrations and supply of reagents

Regulatory Authorities Regulation Strain variation in mock dossier

Emergency use approval

Registration process

Lot release SRID and Endotoxin tests, cold chain review

Pharmacovigilence AEFI monitoring

Vaccine Distribution

Programme managers Vaccine available for deployment

Fig. 4. Timeline of pandemic vaccine production (IIV) [18].

oped [50]. However both LAIV and recombinant vaccines represent
a small proportion of global production capacity.

It should also be noted that the timelines listed above represent
ideal circumstances when all necessary inputs are in place (staff,
facilities, manufacturing supplies, equipment) and function opti-
mally and that a delay in one activity may have an impact on other
activities. The timing also assumes that a production facility would
not be in the middle of a campaign to produce seasonal influenza
vaccine. Pandemic influenza vaccine response, including when to
initiate production of the pandemic vaccine, is a complex process
for a variety of reasons (e.g. manufacturers may have contractual
obligations to fill orders of seasonal vaccines) [18]. Under the Glo-
bal Influenza Strategy 2019-2030, WHO has committed to “de-
velop or update guidance, including global vaccine preparedness
plans for switching from seasonal to pandemic vaccine manufac-
turing” [25]. Additionally, WHO has outlined the overall pandemic
influenza vaccine response processes within the Pandemic Influ-
enza Risk Management Guidance and work is underway to further
operationalize this guidance [51]. Bottlenecks in the manufactur-
ing process have been identified and ongoing efforts are underway
to shorten some of the timelines [49]. For example, a major bottle-
neck is the time needed to develop new reagents for the single
radial immunodiffusion assay which is used to assess potency of
influenza vaccines and efforts are ongoing to develop new potency
assays for inactivated influenza vaccines [52,53]. In addition,
through GISRS, WHO periodically recommends the development
of CVVs for zoonotic influenza viruses of pandemic potential. Such
development can shave several weeks off timelines if a pandemic
emerges from one of these strains (see Fig. 4). Further development
of these candidate vaccines with producers provides manufactur-
ing experience with these strains which leads to knowledge on
production yields. Preclinical animal studies and clinical trials pro-
vide information on dosing requirements based on challenge stud-
ies, immunogenicity assessments as well as initial safety data for
the vaccines. Such development is important for pandemic pre-
paredness and has the potential to shorten timelines by 15 weeks.
However, as demonstrated by the need to update seasonal vaccine
strain composition on an annual basis, there can be great variance
between viruses of the same influenza subtype and in some cases
CVVs for zoonotic influenza viruses of pandemic potential devel-
oped previously have shown little cross-protectiveness to drifted
viruses within the same subtype [54].

As shown in Table 3, the majority (80%) of production capacity
for pandemic influenza vaccines is located in high-income coun-
tries, yet high-income countries represent only 16% of the global
population. This highlights the need to ensure equitable distribu-
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tion of vaccine to LMICs lacking in production capacity, which
are often most at risk due to weak health systems and underlying
medical conditions in their populations. Under the PIP framework
commitments, we calculated that WHO has secured access to
11.3% of global pandemic influenza vaccine production for distri-
bution to countries in need. While this amount would be insuffi-
cient to cover the entire population in LMICs, it would help to
support vaccination of priority groups in countries where influenza
vaccines are not being produced and in countries that do not have
supply agreements in place with manufacturers. Given that vac-
cine will not become available until several months after the pan-
demic and initial supplies will be limited, during the first wave of
the pandemic, identification of risk groups will be important to
allow for rationalized use of limited vaccine supply. While the
specific pandemic vaccine would still need to be prequalified by
WHO in order to allow UN agencies to purchase or receive dona-
tions of the vaccine, as of May 2020, nine influenza vaccine manu-
facturers have prequalified at least one of their influenza vaccines
representing 74% of pandemic vaccine production capacity. This is
likely to help the prequalification of their pandemic vaccines.

The delay in availability of pandemic vaccine highlights the
need to improve current production processes so that vaccines
can be produced more rapidly and to develop new influenza vacci-
nes that offer broader, longer lasting protection across different
subtypes of influenza A viruses. Such vaccines could be used for
seasonal influenza and stockpiled for use in a pandemic. WHO pub-
lished guidance on preferred product characteristics for improved
influenza vaccines in 2017 [55]. There are numerous groups and
initiatives aimed towards developing universal or improved influ-
enza vaccines. A recently launched initiative, the Universal Influ-
enza Vaccine Technology Landscape, reported in April 2020 that
22 new influenza vaccine technologies had reached clinical trials
and 74 were in late preclinical development [56].

3.3. Issues impacting manufacturers’ ability to maximize supply

With regards to issues that may impact a manufacturer’s ability
to reach maximum capacity:

o Nine manufacturers out of 18 that responded to the question
confirmed that they expect to have adequate access to eggs
and ancillary supplies to achieve their maximum pandemic pro-
duction capacity. Seven responded that access to eggs and sup-
plies could be a limitation. Two replied that access to egg supply
would be dependent on the time of year when the pandemic
occurs (that is, if the pandemic were to occur when they do
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not normally source eggs for seasonal vaccine production). Sup-
plementing with information provided in 2015 an additional
five manufacturers stated that supplies would not be a bottle-
neck. Information was not available for eight manufacturers.
Fourteen manufacturers out of 17 that responded to the ques-
tion confirmed that they expect to have adequate access to fill-
ing lines to achieve their maximum production capacity. Three
responded that filling capacity would be a limitation. Supple-
menting with data from 2015 an additional five manufacturers
stated that filling capacity would not be a bottleneck. Informa-
tion was not available for nine manufacturers.

The responses to these questions demonstrate that for some
manufacturers, egg supplies and filling capacity could be major
bottlenecks to achieving their maximum capacity. Additional fill/
finish capacity at other facilities should be explored as well as
options for sourcing or scaling egg supply.

4. Conclusions

There is a robust global platform for production of pandemic
influenza vaccines based on seasonal influenza vaccine production
facilities. There are 31 manufacturers with 40 production sites
operating in 18 countries in almost all regions of the world with
the exception of Africa. However, while LMICs represent 84% of
the global population, 80% of pandemic influenza vaccine produc-
tion capacity is located in high-income countries, with only 19% in
upper-middle-income countries, 1% in lower-middle income coun-
tries and no production in low-income countries. One reason for
this discrepancy may be the lack of demand for seasonal vaccines
in many LMICs offering little or no internal market for local pro-
ducers [57]. Underutilization of influenza vaccines in LMICs is
likely due to many factors, including age demographics - with
LMICs having in general younger populations, absence of burden
of disease data and the high-cost associated with the need to re-
vaccinate on an annual basis [58]. In the event of an influenza pan-
demic, vaccine production could be as high as an estimated 8.31
billion doses produced in 12 months; however, this assumes a
best-case scenario for all manufacturers and in reality, is likely to
be less. Two doses of vaccine may be required to elicit an adequate
immune response, meaning that even in a best-case scenario there
would only be enough vaccine to cover just over half of the world’s
population. Furthermore, using current technologies and licensed
facilities, first supplies of vaccine will likely not be available to
the population until four to six months after the pandemic is
declared. There are, however, efforts underway to shorten these
timelines such as via additional development of CVVs for viruses
with pandemic potential and these efforts could result in vaccine
as early as 3 months.

Given that there is not likely to be vaccine available in the first
wave of an influenza pandemic, controlling the pandemic initially
will depend on strong basic public health measures as well as clin-
ical management and the use of therapeutics including antivirals,
monoclonal antibodies or other medicines to treat the host
response. Vaccine will likely become available during the second
wave, but initially supplies will probably be limited as production
ramps up. It is important that risk-groups are identified during the
first wave so that by the time that first supplies of vaccine are
available vaccine distribution can be prioritized for these groups
as well as other priority groups such as healthcare workers.

The original goal of the GAP was to produce enough vaccine to
cover 70% of the global population with two doses of a pandemic
vaccine (translating to 10.92 billion doses in 2019) within six
months from the availability of the vaccine virus strain to manu-
facturers. While pandemic vaccine production capacity has consid-
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erably increased since that goal was set, growing from an
estimated annual production of just 1.5 billion doses in 2006 to
up to 8.31 billion doses in 2019, we are still 2 billion doses short
of that target. Without increased demand for seasonal influenza
vaccines, production is unlikely to grow significantly. In addition
to enhanced surveillance of potentially pandemic strains and
development of CVVs, continued efforts towards shortening cur-
rent production timelines, expanding access to doses sparing adju-
vants and for developing better, more broadly protective influenza
vaccines are needed. Exploration of the role of novel platform tech-
nologies, such as mRNA vaccines as highlighted in the current
COVID-19 pandemic, is also needed in addressing potential expan-
sion of production capacity for influenza vaccines.
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