
 

PRODUCTION AND TESTING OF INFLUENZA  

HIGH GROWTH REASSORTANTS 
 

December 2015 
 

 

 

 

 

 



 

ii 

 

 

 

 

 

 

 

 

 

 

 

 

© World Health Organization 2015 WHO/HSE/PED/GIP/GISRS/2015.02 

All rights reserved. Publications of the World Health Organization are available on the World Health 
Organization website (www.who.int) or can be purchased from WHO Press, World Health 
Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; 
fax: +41 22 791 4857; email: bookorders@who.int). 

Requests for permission to reproduce or translate WHO publications – whether for sale or for non-
commercial distribution – should be addressed to WHO Press through the WHO website 
(www.who.int/about/licensing/copyright_form/en/index.html). 

The designations employed and the presentation of the material in this publication do not imply the 
expression of any opinion whatsoever on the part of the World Health Organization concerning the 
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation 
of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines 
for which there may not yet be full agreement. 

The mention of specific companies or of certain manufacturers’ products does not imply that they 
are endorsed or recommended by the World Health Organization in preference to others of a similar 
nature that are not mentioned. Errors and omissions excepted, the names of proprietary products 
are distinguished by initial capital letters. 

All reasonable precautions have been taken by the World Health Organization to verify the 
information contained in this publication. However, the published material is being distributed 
without warranty of any kind, either expressed or implied. 

The responsibility for the interpretation and use of the material lies with the reader. In no event 
shall the World Health Organization be liable for damages arising from its use. 



 

iii 

 

Contents 

Abbreviations and acronyms .................................................................................................................. iv 

1 Background .................................................................................................................................... 1 

2 When to release hgrs to industry .................................................................................................. 1 

3 HI identity testing of hgr candidate vaccine viruses by CCs .......................................................... 2 

3.1 Testing procedures .............................................................................................................. 2 

4 Reporting ....................................................................................................................................... 3 

 



 

iv 

 

Abbreviations and acronyms 

CC collaborating centre (WHO) 

ERL essential regulatory laboratory 

HA haemagglutinin 

Hgr(s) high growth reassortant(s) 

NA neuraminidase 

NIBSC National Institute for Biological Standards and Control 

NYMC New York Medical College 

 

 



 

1 

 

1 Background 

Since the development of high yield reassortants (hyrs) or high growth reassortants (hgrs) based on 
exchange of gene segments from A/Puerto Rico/8/34 - H1N1 (PR8) with the prevalent H3N2 or H1N1 
viruses ,the “classical” reassortment technique (Kilbourne, E.D. Future influenza vaccines and the 
use of genetic recombinants. Bull. WHO, 41:643-645, 1969)), hgrs have been responsible for 
improved efficiency in vaccine production and have become an essential part of influenza vaccines. 
Over the years, several laboratories have played a role in hgr production, and currently three 
laboratories – Seqirus (formerly known as Commonwealth Serum Laboratories Limited , Australia), 
the National Institute for Biological Standards and Control (NIBSC, UK) and New York Medical College 
(NYMC, USA) – are generating hgrs by the classical reassortment technique for vaccine manufacture. 
Although it is important to have different laboratories making hgrs, it may lead to differences in the 
manner in which they are made, tested and released to industry. There may also be differences in 
the information supplied with the hgrs. This is an increasingly difficult regulatory concept for vaccine 
manufacturers, when growing numbers of vaccines are exported around the world and vaccines 
from one company are compared with those from other companies. This was discussed at the WHO 
information meeting with industry that followed the southern hemisphere vaccine composition 
meeting in September 2008, where there was agreement that some harmonization between the 
three laboratories should be attempted. 

The procedures described here relate to minimum testing requirements for hgrs, how the results of 
those tests could be supplied to industry, and when the hgrs should be released to industry. They 
were agreed by the WHO collaborating centres (CCs) and the essential regulatory laboratories 
(ERLs), and reassorting laboratories including Seqirus, NIBSC and NYMC by email and during the 
WHO consultation (26–29 September 2010) for composition of influenza vaccines for the 2011 
southern hemisphere infuenza season. This document was further edited in 2011 and agreed at the 
following vaccine composition consultation in February 2012. 

2 When to release hgrs to industry 

The question of when to release hgrs to industry is a sensitive issue because there is often pressure 
for early release. However, to avoid unsuitable hgrs being distributed, it is important to allow 
sufficient time for key tests to be performed. If the situation is urgent, it is important for the 
reassorting laboratory to supply a WHO CC with enough virus material (10–15 ml) to allow 
concurrent testing in multiple assays to take place.  

Hgrs will be released after the following tests have been completed: 

• Reassorting Laboratories: antigenic testing or genetic sequencing on haemagglutinin (HA) 
and neuraminidase (NA); 

• Reassorting Laboratories: absence of gross microbial contamination, as determined from in-
progress sterility tests, being all clear at ≥48hrs; 

• Reassorting Laboratories: growth studies (e.g. HA titre) show that the hgr has potential; if 
the preliminary results show that the hgr grows significantly less well than hgrs already 
being used or evaluated by industry, it is a waste of resources to distribute it further; and 
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•  WHO CC: confirmation of HA antigenic properties performed in a one-way HI test; HA and 
NA sequencing 

The hgrs should be distributed to other CCs at the same time as they are distributed to industry. 
Hgrs distributed following a one-way HI test only (+/- sequencing results) are used at 
manufacturers’ risk, and final approval of suitability of an hgr can only be given following a two-
way HI test (see below). 

3 HI identity testing of hgr candidate vaccine viruses by 
CCs  

For CCs to prioritise their testing, it is important that the CCs be notified in writing, so that they can 
understand the degree of urgency. It is proposed that highest priority is given when both of the 
following occur: 

• timing is from January to March and from August to November (i.e. there are urgent 
seasonal demands); and 

• vaccine manufacturers or the WHO recommendation on the composition of influenza 
vaccines indicate that existing hgrs are not suitable (this could be due to poor growth or 
because of a vaccine virus change with the associated antigenic mismatch of previously used 
hgrs). 

There may be additional reasons for high priority, and these will be agreed among CCs and ERLs. 

3.1 Testing procedures 

Testing procedures are summarized in Fig. 1 and Table 1. A hgr candidate vaccine virus can be used 
for vaccine production only after passing both one-way and two-way HI tests at a CC. 

One-way testing of the hgr  is performed using antiserum raised against the parent-virus that was 
sent to a reassorting laboratory for generation of the hgr.  

• Hgr candidate vaccine viruses will not be distributed from the reassorting laboratory until a 
one-way HI test at a CC has confirmed, preliminarily, the hgr to be antigenically like the 
relevant recommended WHO vaccine virus or reference virus, as appropriate.  

• In addition, the CC will perform sequence analysis of the HA and NA genes of the hgr; the 
results from sequence analysis (if available in time) may be reported either as a preliminary 
report with interpretation together with the one-way HI test  or as part of the final report 
(together with the results of the two-way HI test) 

• If, after repeats, the one-way HI tests are ambiguous or gene sequencing provides 
information about substitutions in antigenic sites or insertions or deletions, hgr distribution 
will be placed “on hold”, until unambiguous test results are obtained and clarification is 
achieved. 

• If the one-way HI test fails to confirm antigenic identity of the hgr with the relevant 
recommended WHO vaccine virus (after repeats), the hgr will not be distributed. 
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If the result of the one-way test is satisfactory, a ferret antiserum will be raised against the hgr and 
the CC will perform a two-way HI test on the hgr and parent-virus. 

o An hgr must also pass a two-way HI test. If vaccine manufacturers proceed to use 
an hgr before two-way testing is complete, they do so at their own risk.  

o An hgr can be used for vaccine production only after a satisfactory result from a 
two-way HI test. If the result is ambiguous, further tests may be needed and this 
may involve generation of additional antisera against the hgr.  

4 Reporting 

A CC will perform a one-way HI test and prepare a preliminary report. If the results presented in the 
preliminary report are consistent with the hgr being likely to conform antigenically to the relevant 
WHO recommended vaccine virus or reference virus, as appropriate, a two-way HI test will be 
performed and a final report prepared. Results of HA/NA sequencing may be reported in the first 
(preliminary) report or in the second (final) report (Table 1).  When multiple hgr candidate vaccine 
viruses are available their reactivity profiles with respect to inhibiting/neutralizing circulating viruses 
should be considered when selecting the best candidate vaccine.  

o Reports can have conclusions of ”pass”, “fail” or “ambiguous” as appropriate (or 
other suitable  words). 

• Reports from the CC will be issued simultaneously to: 

o other CCs/ERLs 

o International Federation of Pharmaceutical Manufacturers (IFPMA) and Developing 
Countries Vaccine Manufacturers Network (DCVMN) 

o all of the reassorting laboratories 

o WHO. 

• Reassorting laboratories will attach a CC report to their quality control report that 
accompanies the hgrs. 

• If an hgr passes both one-way and two-way HI tests, and HA/NA sequencing does not 
identify any potential problems (e.g. deletions in the HA), recipients of the hgr should be 
notified. Due to practical difficulties in contacting all recipients, the results from the CC 
should also be provided to vaccine manufacturers’ associations. Furthermore, the final 
report will be sent to WHO by the CC or the reassorting laboratory (to be agreed between 
the respective laboratories); if the report confirms that the hgr is suitable for use in vaccine 
production, WHO will post information about the hgr’s availability and suitability on the 
WHO website as soon as possible. 

• If an hgr fails a two-way HI test after first passing a one-way HI test and sequencing, there 
should be an urgent signal to vaccine manufacturers and regulatory authorities not to use 
the hgr for vaccine production. This signal should also be sent using the above described 
communication mechanisms.  
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• Posting on WHO website: 

o WHO will announce on its website the availability of a new hgr when it passes one-
way HI testing, with a statement that further analysis is ongoing and that if 
manufacturers use it, it will be done so at manufacturers’ risk. 

o Availability of the hgr as a suitable candidate vaccine virus for vaccine development 
will be announced by WHO once the final report confirms suitability of the hgr for 
vaccine manufacturing. 

Table 1. Minimum specifications for hgr quality control performed at the  
reassortant laboratory  

Specification 
 

Details   Essential In reporta 

Quality system 
 

No formal requirement but procedures are documented and 
results recorded to ensure traceability of hgr passage and 
measures to avoid cross-contamination.  

xb x 

SOP used 
 

Good to have (see above)  x x 

TSE compliance statement This is not yet needed, so it is not essential x x 
Identity information Strain/sub type/reassortant number/ID number or reference √c √ 
SPF eggs used throughout 
 

Yes, Premium Plus eggs used  √ √ 

HA titre 
 

Yes. This is the first indication of potential for high growth  √ √ 

Dilution used in reassortment Yes √ √ 
HA antigenic identity 
(type/subtype) 

Yes. Confirmation by a WHO CC needed √ √ 

NA antigenic identity 
(type/subtype) 

Not essential as long as genetic identity is determined. If done, 
report that NA antigenic identity confirmed  

x x 

HA genetic identity 
 (type/subtype) 

Yes by whichever method is used.  √ √ 

NA genetic identity 
(type/subtype) 

Yes by whichever method is used.  √ √ 

Internal genes characterised  Yes by whichever method is used.  √ √ 
Contamination from high growth 
donor genes 

This is useful as a check on laboratory procedures but not 
essential to do  

x x 

Passage history prior to receipt As provided by WHO CC/ERL supplying isolate, including their 
ID number 

√ √ 

Passage history 
 

Yes. There should be consistency by either reporting as 
passages post-reassortment or making a clear statement as to 
how the passage level was calculated. 

√ √ 

Sterility 
 

Yes by whichever method is used √ √ 

Mycoplasma 
 

Not required x x 

EM appearance 
 

This is useful but not essential x x 

Egg infectivity 
 

This is useful but not essential to do  x x 

CC, collaborating centre; EM, electron microscopy; ERL, essential regulatory laboratory; HA, haemagglutinin; hgr, high growth 
reassortant; NA, neuraminidase; SOP, standard operating procedure; SPF, specific pathogen free; TSE, transmissible 
spongiform encephalopathy 
a Ideally the report should accompany the virus or be sent by email at the same time as the virus is dispatched ,b No, cYes 



 

5 

 

Fig. 1 Schematic view of key decisions taken during WHO collaborating centre characterization (identity testing) of high growth 
reassortant candidate vaccine viruses 
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