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BACKGROUND 

In 1933 Patrick Laidlaw, at the National Institute for Medical Research in London, isolated and 
identified a virus as the causative agent of influenza1.  The influenza virus is unpredictable, 
undergoing continuous mutation and evolution, and as a consequence different viral subtypes 
can be responsible for epidemics each year.  Following the introduction of inactivated 
influenza vaccines in the 1940s, companies produced these annually, based on strains* 
identified via regional and even national virus surveillance programs.  As a result vaccines 
produced by different companies contained different strains, and no standardized method 
existed to ascertain the level of active ingredient (antigen) or to measure its ability to stimulate 
the immune system.  Consequently, national authorities were presented with a major 
challenge when deciding which vaccines to use.  

However, in 1952 the WHO Global Influenza Surveillance Network (GISN) was founded, 
following a WHO Expert Committee recommendation to establish an international network of 
laboratories designed to ensure that vaccines contain currently circulating strains, and thus 
improve influenza control measures.  As a result the GISN was charged with ensuring that 
vaccines produced around the world were based on strains identified through global 
surveillance of influenza viruses rather than regional or national networks.  In addition, during 
the 1970s and 1980s the WHO system fostered improved assay techniques to ensure 
vaccines were of equivalent efficacy as measured by the use of universally available 
reagents2.  

This system has now been in place for over five decades, and to achieve its goal each year a 
complex network of partners work together under considerable time pressure.  The GISN**, 
comprising National Influenza Centres (NICs), international Collaborating Centres (CCs) and 
Reference Laboratories, works closely with a number of academic and industry laboratories, 
local regulatory agencies and industry manufacturers to ensure national authorities have 
access to vaccines of comparable efficacy, based on the most appropriate strains.  

Despite its complexities, it is widely acknowledged that this international approach, with WHO 
providing global recommendations on the strains for incorporation into the vaccine each year, 
has proved valuable in improving public health.  Based on many years of experience, the 
partners who participate in this global system have developed the expertise and system that is 
capable of responding to changes in influenza viruses wherever they occur in the world.   

Consequently, even minor changes may have a negative impact on this system and its ability 
to respond rapidly to the continuing threat posed by influenza.  

* For consistency this paper uses the term ‘virus’ when referring to the influenza virus prior to its use in 
vaccine production, and the term ‘strain’ when referring to vaccine related activities. 

** This paper details GISN activity associated with influenza virus isolation, surveillance and the selection of 
potential vaccine strains. Other GISN activities, such as training, are outside the scope of this paper. 

                                                

1
 Smith W, et al. A virus obtained from influenza patients.  Lancet. 2:66–8, 1933. 

2
 Schild G.C., et al., A quantitative, single-radial-diffusion test for immunological studies with influenza virus.          
J. Gen. Virol. 16: 231-236, 1972. 
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INFLUENZA VIRUS SURVEILLANCE AND ANNUAL VACCINE STRAIN SELECTION 

Due to the continuous evolution of influenza viruses, each year WHO recommends which 
strains should be used in vaccines for the forthcoming influenza season, based on 
surveillance data gathered around the globe.  The recommendations for Northern Hemisphere 
vaccines are usually made in mid-February and those for the Southern Hemisphere in mid-
September.  WHO is able to make these twice-yearly recommendations only with the active 
participation of more than 100 NICs based in 89 countries, which provide continuous on-the-
ground surveillance around the world.  

 

1. Virus collection and preliminary analysis 

The surveillance process starts with physicians taking nose and throat swabs from patients 
with influenza-like illness (as assessed by disease symptoms).  These clinical specimens are 
sent to NICs where influenza viruses are isolated from the specimens and preliminary 
antigenic characterization of these ‘wild-type’ virus isolates is performed.  

 

2. Detailed virus characterization (antigenic and genetic) 

Selections of these isolates are sent to one or more of the four GISN CCs (based in Australia, 
Japan, UK and USA) for more extensive analysis and comparison with previously circulating 
viruses.  When a group of newly isolated viruses is identified with similar specific antigenic and 
genetic characteristics that differ from previous viruses, a new reference virus is established.  
These wild-type reference viruses are selected for global monitoring of antigenic and genetic 
change, and not for their suitability for vaccine production.  

 

3. Vaccine strain selection and WHO recommendation 

In February and September each year, representatives from the four GISN CCs meet at WHO 
Headquarters in Geneva together with other influenza experts, to review the recent 
surveillance data.  The data for all available isolates and reference viruses are evaluated 
during a two-day meeting. The most appropriate viruses are recommended by WHO for 
inclusion in vaccines for the coming season. 

Currently, WHO recommends three different influenza viruses for inclusion in seasonal 
influenza vaccines: two ‘A’ virus subtypes (H1N1 and H3N2) and a single ‘B’ virus.  During the 
21-year period from 1980/1981 to 2001/2002, the vaccine composition changed frequently: 8 
times for the H1N1 component, 14 times for the H3N2 component and 10 times for the 
influenza B component3. 

 

4. Vaccine strain confirmation by local regulatory authorities 

Following WHO’s announcement of its vaccine strain recommendations, national regulatory 
authorities review the WHO information and any additional information available on potential 
vaccine strains (see section below ‘Developing vaccine strains from wild-type reference 
viruses’).  The agencies then make the final decision on which strains vaccines must contain 
to be eligible for marketing authorization in their countries that year.  Due to the scientific 
robustness of the GISN-based system, local regulators usually confirm the WHO 
recommendations.  However, regulatory authorities, such as the US FDA, have on occasion 
mandated slightly different strains for inclusion in vaccines. 

                                                

3
 Gerdil C. The annual production cycle for influenza vaccine.  Vaccine, 3735 1-4, 2003. 



-3- 

IFPMA IVS ITF Background Paper 

September 11, 2007 

 

DEVELOPING VACCINE STRAINS FROM WILD-TYPE REFERENCE VIRUSES 

As the wild-type reference viruses are not selected for their suitability for manufacturing, 
vaccine manufacturers work with a number of partners to develop strains that, while 
antigenically similar to the reference viruses, also possess the appropriate properties for 
efficient production and compliance with regulatory standards.  

 

1. Producing virus isolates in eggs 

For many years, NICs performed virus isolation using hens’ eggs, but more recently cell 
culture has become the preferred method in most laboratories.  As a result, fewer wild-type 
egg-produced isolates are available for the WHO GISN.  As influenza vaccines have been 
produced in embryonated eggs for many years, regulatory agencies stipulate that vaccine 
strains must be derived from egg isolates.  To ensure this requirement is met, the GISN CC in 
the USA (the CDC) has in recent years produced egg isolates specifically for vaccine 
production.  As this work is only required for vaccine manufacture, rather than virus 
surveillance, the CDC provides these egg isolates under a Collaborative Research And 
Development Agreement (CRADA), which is financed by industry.  In addition, the GISN CC in 
Australia has also produced egg-isolated candidate vaccine strains.  

 

2. Developing high-growth vaccine strains 

In addition to requiring egg-isolated strains for vaccine production, experience over many 
years has shown that most influenza wild-type ‘A’ viruses, required for inclusion in vaccines, 
do not grow efficiently in eggs.  To overcome this problem, Dr. Edwin D Kilbourne of New York 
Medical College (NYMC) pioneered ‘genetic recombination’ techniques (later known as 
reassortment) in the 1960s4.  These techniques exploit the influenza virus’s ability to mix (i.e. 
reassort) its eight gene segments with those of another virus during an infection.  This ability is 
used to create viruses containing between one and six ‘backbone’ genes of a master viral 
strain that does grow well in eggs, such as A/Puerto Rico/8/34 (PR8), and the genes for the 
haemagglutinin (HA) and neuraminidase (NA) antigens of the required vaccine strain.  During 
this reassortment process, testing with specific antiserum is used to ensure reassortant 
viruses containing PR8 HA and NA are not selected.  This process results in high-growth 
reassortants with the correct antigenic properties that may be suitable for use in vaccine 
production.  

This procedure is currently performed for the production of inactivated vaccines by the 
Australian vaccine manufacturer CSL, the academic laboratory of NYMC in the USA, and the 
GISN Reference Laboratory in the UK, the National Institute of Biological Standards and 
Control (NIBSC).  While the GISN CC and Reference Laboratory in the US (the CDC and 
FDA’s CBER respectively) have the ability to produce these reassortant strains, they have not 
done so in recent years.  

As these reassortant strains are produced only for vaccine manufacture, IFPMA IVS ITF 
members fund the work undertaken by NYMC and NIBSC, while CSL prepares the 
reassortants at its own expense.  As part of this process, the resulting high-growth reassortant 
strains are provided without restriction on their supply or use.  

A similar ‘reassortment’ procedure, or potentially an alternative technique called reverse 
genetics, is undertaken for the manufacture of live attenuated vaccines, by combining a 
genetic backbone from a relevant attenuated strain and the required HA and NA genes.  This 
is undertaken by the US manufacturer MedImmune at its own expense. 

                                                

4
 Kilbourne E.D. Future influenza vaccines and the use of genetic recombinants.  Bull. WHO, 41:643-645, 1969. 
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VACCINE MANUFACTURE 

Once approved by regulatory authorities, the high-growth vaccine strains are processed and 
propagated by each manufacturer to produce ‘working seeds’ for use in production.  Each of 
the three vaccine strains are produced separately.  The working seed is injected into the 
allantoic cavity of embryonated hens’ eggs where it multiplies rapidly.  After several days of 
propagation, the allantoic fluid is removed from the egg.  The live vaccine strain is separated 
from the fluid, inactivated (killed), purified and then processed further, depending on whether 
the manufacturer is producing whole virus, split virus or purified surface antigen vaccines.  
(Live attenuated vaccines follow a similar working seed propagation process, but do not 
undergo inactivation, and undergo different ‘downstream’ processing.)  The three strains are 
then blended together to form a trivalent bulk, which finally is filled into vials or syringes and 
packed.  Throughout this process, manufacturers ensure vaccine safety and potency by 
performing a broad range of testing, and work closely with GISN Reference Laboratories who 
provide reagents for vaccine standardization.  

An alternative production process in which the virus is propagated in cell culture rather than 
eggs is under development by a number of companies.  

 

VACCINE STANDARDIZATION 

To ensure that vaccines are of comparable efficacy, manufacturers use potency testing 
reagents, which are standardized by the three GISN Reference Laboratories (NIBSC in the 
UK, CBER in the USA, and TGA in Australia) and NIID in Japan.  These reference reagents 
are calibrated for ‘strength’, allowing manufacturers to measure the correct quantity of antigen 
for each strain that is blended into the final trivalent vaccine.  By using these potency 
reagents, manufacturers and local regulatory agencies can ensure that all vaccines uniformly 

contain 15µg of HA for each of the three strains.  

Producing and standardizing the reagents is often a lengthy process, and is undertaken in 
parallel with vaccine production.  In the US, the reagents are currently supplied by the vaccine 
manufacturer, sanofi pasteur, at its own expense, and these are calibrated by the GISN 
Reference Laboratories.  Manufacturers also provide purified vaccine antigen to the GISN 
Reference Laboratories in Australia and the UK for use in the production of reagents.  The UK 
Reference Laboratory, NIBSC, provides most of the standardization reagents required 
globally, and consequently charges manufacturers for this service to recover its costs.  

 

REGULATORY CONTROL AND VACCINE RELEASE 

Before batches of vaccine can be used in immunization campaigns around the world, local 
regulatory agencies provide a further level of quality oversight.  A number of regulatory control 
laboratories, such as CBER in the USA, NIBSC in the UK, NIID in Japan, the Paul Ehrlich 
Institute in Germany and TGA in Australia, undertake confirmatory testing throughout the 
production process to ensure that each vaccine batch conforms to the required quality 
standards, before they are officially ‘released’.  
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PANDEMIC INFLUENZA – ADDITIONAL CHALLENGES 

The other principal responsibility of the WHO network is to collect and identify any unusual 
human influenza ‘A’ viruses of a different subtype, which may have the potential to cause a 
pandemic.  There are, however, additional factors that must be taken into account when 
handling and processing these unusual viruses.  

Due to their potentially highly pathogenic nature, these viruses can only be isolated and 
studied in laboratories with appropriate containment facilities.  In the case of H5N1 viruses, 
only WHO recognized laboratories with the required biosafety safety level containment are 
used (level 3 or 4 depending on the country).  Following virus isolation, WHO recognized 
laboratories with appropriate containment facilities, currently the GISN CC in the USA (CDC), 
GISN Reference Laboratory in the UK (NIBSC) and the H5 Laboratory at the St Judes 
Children’s Hospital in the US, prepare high-growth strains for potential use in vaccine 
production.  

Avian influenza is caused by influenza ‘A’ viruses that occur naturally among wild birds.  
However, some highly pathogenic viruses of the H5 and H7 subtypes, such as H5N1, can kill 
both domestic fowl and embryonated eggs.  Consequently, producing H5N1 strains that grow 
well in eggs requires genetic modification of the HA so that it can no longer cause disease.  
The NA and modified HA from the H5N1 virus are then combined with a PR8 backbone using 
reverse genetics to produce a strain that grows well in eggs.  Strict statutory safety testing is 
performed by the supplying laboratories to ensure that these modified strains are no longer 
pathogenic, before they are issued to research institutes and industry for vaccine production. 

Adding a further level of complexity, these strains are considered technically as Genetically 
Modified Organisms (GMOs) in some countries, which have associated import, handling and 
production restrictions, making the process of research and manufacture more time 
consuming.  In addition, before the strains can be used, the end user and supplying laboratory 
must put in place a Materials Transfer Agreement (MTA).  These MTAs can be restrictive for a 
number of reasons, in particular due to liability issues, which have in the past effectively 
prevented the use of some strains for vaccine development.  

 

PRODUCING VACCINES – A SIGNIFICANTLY TIME CONSTRAINED PROCESS 

The vaccine production process is a complex undertaking and is highly time constrained.  
From the WHO strain recommendation each year to the release of the first vaccine batches 
takes approximately 5-6 months, and as a consequence a number of the steps outlined above 
are performed in parallel rather than as a strict linear progression.  As the Northern and 
Southern Hemisphere vaccine compositions may differ from each other, this adds a further 
level of complexity to the process.  As a result, it is the flexibility and collaborative interaction 
of the various partners involved in the process that ensures vaccine is available each year.  In 
the event of a pandemic, the time pressures will be even more considerable, and the smooth 
operation of the whole global system is essential.  

In the case of both seasonal and pandemic influenza vaccines, vaccine manufacturers are in 
the unusual but necessary situation that the selection and supply of vaccine strains required 
for the process of production is outside their remit.  Vaccine manufacture therefore requires 
unique co-operation among WHO GISN CCs, Reference Laboratories, partner laboratories, 
local regulators and industry to ensure that this continually changing vaccine is available when 
required.  Consequently, the system that has served public health well for the last 50 years is 
highly complex, but also potential fragile.  Maintaining and strengthening the system should be 
a key priority, to avoid a negative impact on the world’s ability to address the continuing threat 
posed by influenza. 
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Definitions 

• HA: hemagglutinin. Influenza virus HA is the viral protein that initiates infection of the host cell.  
Antibodies to the HA provide protection against influenza.  As new influenza viruses containing 
antigenically different HAs are constantly emerging in the human population, it is important to 
regularly update the HAs contained in vaccines so that they match the HAs of contemporary 
influenza viruses. 

 

• Influenza reference virus: an influenza virus identified within GISN to represent a related group of 
newly-circulating viruses. 

 

• Influenza virus isolates: influenza viruses obtained from respiratory specimens from infected 
persons by growing in eggs or cell culture in the laboratory.  

 

• NA: neuraminidase. Influenza virus NA is a glycoside hydrolase enzyme, which is an antigenic 
glycoprotein on the surface of the Influenza virus. 

 

• Reverse genetics: a method in which gene sequences of influenza viruses can be cloned (and 
modified) and then reconstituted into recombinant viruses. 

 

• Specimens: respiratory samples obtained from humans or animals that are infected with influenza.  
 

• Wild type viruses: influenza viruses obtained from respiratory specimens from persons infected 
with influenza. 

 

 

 

About IFPMA (www.ifpma.org):  

The International Federation of Pharmaceutical Manufacturers & Associations is the global non-profit 
NGO directly representing twenty-six research-based pharmaceutical, biotech and vaccine companies 
and sixty national industry associations in developed and developing countries.  

 

About IFPMA Influenza Vaccine Supply International Task Force:  

The IFPMA Influenza Vaccine Supply International Task Force (IVS ITF), established in February 2002, 
brings together research-based influenza vaccine manufacturers from around the world, who are 
developing vaccines against avian and pandemic influenza threats. The IVS ITF provides its expertise 
in R&D, logistics and manufacturing to help governmental and intergovernmental bodies in pandemic 
planning and decision-making. For more information, please see www.ifpma.org/influenza. 

IFPMA IVS ITF members are: Baxter, Berna Biotech (a Crucell Company), Biken, Crucell, CSL Limited, 
Denka Seiken, GlaxoSmithKline Biologicals (including former ID Biomedical), Kaketsuken, Kitasato 
Institute, MedImmune, Nobilon International BV, Novartis Vaccines and Diagnostics (former Chiron 
Vaccines), PowderMed, sanofi pasteur, Sanofi Pasteur MSD, Sinovac and Solvay Pharmaceuticals. 
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