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This report presents the recommendations of a WHO Expert 
Committee commissioned to coordinate activities leading 
to the adoption of international recommendations for the 
production  and control of vaccines and other biologicals 
and the establishment of international biological reference 
materials.

The report starts with a discussion of general issues brought 
to the attention of the Committee and provides information 
on the status and development of reference materials for 
various antibodies, antigens, blood products and related 
substances, cytokines, growth factors, and endocrinological 
substances. The second part of the report, of particular 
relevance to manufacturers and national regulatory 
authorities, contains WHO recommendations and guidelines 
on Japanese encephalitis vaccine (inactivated), human; 
regulatory preparedness for human pandemic influenza 
vaccines; and clinical evaluation of meningococcal C 
conjugate vaccines.

Also included are a list of recommendations, guidelines and 
other documents for biological substances used in medicine, 
and of international standards and reference reagent for 
biological substances.
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1

Introduction
The WHO Expert Committee on Biological Standardization met in Geneva from 
8 to 12 October 2007. The meeting was opened on behalf of the Director-General 
by Dr Jean-Marie Okwo-bele, Director, Immunization, Vaccines and Biologicals 
Department (IVB) Family and Community Health Cluster (FCH).

Dr Okwo-bele noted that the Expert Committee on Biological 
Standardization is one of the longest-standing of all WHO Expert Committees, 
having begun its work in 1947. The Committee advises WHO on key 
international developments affecting the quality, safety and efficacy of vaccines, 
biological therapeutics, blood products and in vitro biological diagnostics. It 
has two primary outputs – written standards, published in the WHO Technical 
Report Series (TRS), for assuring the quality, safety and efficacy of biological 
products used in medicine, and physical measurement standards (International 
Biological Standards), used for designating the activity of biological substances.

Biological medicines and technologies save lives, reduce suffering and 
make a huge contribution to public health, but only if they are of good quality, 
safe, effective, available, affordable, acceptable and properly used – conditions 
that, for a number of reasons, are not all met in many countries. Dr Okwo-bele 
emphasized that without high-level political support and investment to assure 
quality, both in WHO and in national health systems, the huge potential 
of biological medicines and technologies will remain untapped, leading to 
unnecessary disease and disability, often with serious economic consequences.

Since the previous meeting of the Expert Committee, the WHO 
Medium-Term Strategic Plan (2008–2013) had been endorsed by the World 
Health Assembly. This Plan is intended to provide strategic direction for the 
Organization over a six-year period, addressing priorities established in the 
Eleventh Global Programme of Work. Dr Okwo-bele reported that setting 
norms and standards and promoting their implementation are affirmed as 
core activities of WHO for this period. In addition, ensuring improved access 
to, and quality and use of, medical products and technologies is one of the key 
strategic objectives selected to guide the work of the Organization during the 
years 2008–2013. The development of evidence-based international norms and 
standards through rigorous, transparent, inclusive and authoritative processes 
is an essential component of this strategic objective.

Dr Okwo-bele reported that the work of the Expert Committee will 
continue to be supported by two WHO units, Quality, Safety and Standards 
(QSS/IVB) and Quality and Safety of Plasma Derivatives and other Related 
Substances (QSD/PSM). A number of Member States had provided invaluable 
direct support to the Organization through secondment of staff to work in these 
units, for which WHO was very grateful: the Government of Germany had 
seconded a senior scientist to QSD, the Government of the Republic of Korea 
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had seconded a senior scientist to QSS, and the Government of Canada had 
seconded a policy analyst to work with both QSS and QSD. Vigorous resource 
mobilization efforts had been under way over the previous 12 months and it 
was expected that a number of these would prove successful in the near future. 
New donors such as the Bill & Melinda Gates Foundation have already begun to 
provide support for some of the evidence-gathering activities that contribute 
to the development of written standards for vaccines.

Dr Okwo-bele referred to the wide-ranging work on the agenda 
of the present meeting, including guidelines on regulatory preparedness 
for pandemic influenza vaccines, as well as updated recommendations on 
Japanese encephalitis vaccines. In public health terms, Japanese encephalitis is 
the most important viral encephalitis encountered in south-east Asia and the 
western Pacific and its transmission has intensified during the past 25 years. 
Inactivated vaccines are used in several countries for disease control. The 
current WHO specifications for inactivated Japanese encephalitis vaccines for 
human use were adopted in 1987; since then, alternative modes of production 
had been introduced in place of the traditional mouse brain tissue, and a 
completely updated set of specifications had therefore been prepared for the 
Committee’s consideration. This is an example of the need to devote resources 
to modernization of existing standards.

Participants were also welcomed by Dr Hans Hogerzeil, Director, 
Department of Medicines Policy and Standards (PSM), Health Technology 
and Pharmaceuticals Cluster, who referred to progress during the year on a 
number of fronts. In particular, the work of the newly established WHO Blood 
Regulators Network was progressing and members of the Network would 
meet during the period of the ECBS meeting. New guidelines to support the 
production, control and regulation of antivenom immunoglobulins were under 
development and the Committee would be asked for input. Dr Hogerzeil 
reminded the Committee that production of animal-derived sera, antivenoms 
and anti-rabies immunoglobulins had been abandoned in many countries and 
that the global supply of these essential medicines was declining rapidly. Access 
to these products was lacking in many places, especially Africa and Asia, and a 
WHO programme was being established to reverse this trend. It was expected 
that the new guidelines would be submitted to the Expert Committee in 2008. A 
generous contribution from the Government of Spain to support this work was 
gratefully acknowledged.

Dr Hogerzeil also noted that information on the major categories of 
transmissible spongiform encephalopathy infection had been updated. This 
valuable and authoritative information is published by WHO and used by many 
Member States in making risk assessments of medicinal products with respect 
to the agents of transmissible spongiform encephalopathy.
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Several reference materials were being brought to the Committee 
for consideration for establishment as International Standards or reference 
materials. These reagents are the “gold standards” against which laboratories 
worldwide calibrate assays of biological and immunological activity; they are 
used by manufacturers and regulators alike. A consultation and further work to 
prepare a reference panel for the control of diagnostic tests for Chagas disease 
were highlighted.

Dr Okwo-bele reminded Expert Committee members and WHO 
temporary advisers alike that they had been invited to participate in the work 
of the Expert Committee on Biological Standardization in their capacity as 
experts and not as representatives of their governments or organizations. In all 
deliberations, their decisions and advice should be based on sound scientific 
principles and common sense, rather than on domestic or institutional 
considerations.
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5

General

Developments in biological standardization
WHO programmatic issues
The Expert Committee was reminded that the context of its work is 
mandated by Member States through the WHO Constitution, which refers 
specifically to the development, establishment and promotion of international 
standards for biological products. WHO is expected to be both a driving force 
and a key reference point on biological standardization issues worldwide. 
Biological products are defined as substances of biological origin that are 
assayed by biological tests and used in the prophylaxis, therapy or diagnosis of 
human diseases.

The role of biological standards and regulatory oversight in several global 
developments was discussed. Key drivers for the present initiatives include 
global public health security, public health and intellectual property rights, and 
a trend towards the strengthening of health systems. The role of the biological 
standardization community in global health security involves accelerating access 
to essential biological medicines. This would be accomplished through timely 
development and implementation of both physical and written standards, the 
timely provision of risk analysis, and the promotion of information-sharing 
worldwide. Regulation of the quality, safety and efficacy of new products is 
considered to be inextricably linked to innovation, and WHO, together with 
interested parties, has an important role to play in helping to strengthen clinical 
trials and regulatory infrastructure, especially in developing countries.

WHO’s approach involves strategies that emphasize the importance of 
the quality of products, the strengthening of national regulatory authorities 
(NRAs), especially in the vaccine field, and the development of new regulatory 
pathways and new support systems. An initiative that has been greatly 
appreciated is the establishment (in 2006) of the African Vaccine Regulators 
Forum, involving 19 countries. The proposed updating of the WHO pre-
qualification and assessment procedures for national regulatory authorities and 
the establishment of sentinel networks for new vaccine safety evaluations are also 
important. The value of information-sharing between WHO and stakeholders 
worldwide, especially during a public health crisis such an influenza pandemic, 
was emphasized, and the Secretariat was requested to evaluate the feasibility of 
establishing an information-sharing task force.

The Committee heard that mechanisms are now in place for better 
alignment of priorities for the development of WHO International Reference 
Preparations, including meetings between WHO Collaborating Centres to agree 
priorities and projects in advance of their submission to the Expert Committee 
for approval. The use of evidence in the standards-setting process was also 
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emphasized as was the continuing need to review the way in which this evidence 
is used. Specifications for biological standards are developed on the basis of an 
inclusive, consultative process and established on the basis of expert consensus. 
In the past, systematic reviews have not been extensive, but the Committee 
agreed that, for certain key specifications, such as correlates of protection for 
a vaccine, systematic reviews should be explored further. In addition, speedier 
communication between the Expert Committee and stakeholders is urgently 
needed, especially on key decisions in rapidly evolving areas and on safety-
related issues. The need to develop a more sophisticated communications plan 
to improve the visibility of the Expert Committee was stressed. In addition to 
the usual channels, the agenda and links to documents might be sent to targeted 
stakeholders in advance of the meeting via an electronic mailing list. During the 
annual Committee meetings, interviews with key players could be developed 
for advocacy purposes, with a short report highlighting key decisions and their 
public health impact being rapidly circulated afterwards.

The Expert Committee raised a number of questions about the present 
two-track working arrangements of its annual meetings introduced over the past 
few years – one for vaccines and biologicals and the other for blood products 
and in vitro diagnostics. While the Committee appreciated that there was 
some efficiency in working in this way, concerns were raised about the balance 
between the two tracks and the consistency of decision-making. For example, 
not all in vitro diagnostics are associated with blood safety: in many cases the 
relevant expertise lies in the vaccines and biologicals group. Moreover, the “other 
biologicals” category in the vaccines track covers areas entirely unrelated to 
vaccines (e.g. cell biology, endocrinology). Expertise in other specialized areas, 
such as genetic reference materials, did not exist in either track. It was agreed 
that further consideration should be given to the working arrangements of 
Committee meetings and the best means of ensuring an appropriate balance of 
work and expertise, consistency of approach and decision-making, and efficient 
use of time.

Vaccines and biological therapeutics
The Committee was informed of work in progress on new written standards 
and on the updating of existing recommendations. A balance is needed between 
developing new guidance and revising existing guidance, according to the needs 
of WHO programmes. Developments in new and replacement physical standards 
were also reviewed. Setting priorities and timelines is essential in both instances, 
but striking the right balance between the priorities of developed and developing 
countries is difficult since these may not be the same.

Ways of improving the standards-setting process are continually 
being sought. Translating scientific developments into recommendations and 
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ensuring that the standards developed are relevant to global public health are 
both important. The question of when best to start the standards-setting process 
was also raised – whether this should be during early product development or 
following clinical trials, when there was more confidence in the success of a 
new type of vaccine or biotherapeutic. There was no clear answer but it was 
generally considered that the earlier the process started the better; in reality, this 
was likely to be on a case-by-case basis. The ever-changing quality assurance 
environment must also be kept in mind with respect to standards-setting since 
it raises significant resource issues.

The Committee agreed that better use of the WHO Expert Panel on 
Biological Standardization should be explored with these points in mind, 
especially with regard to those urgent issues that require more frequent 
discussion between the annual meetings of the Expert Committee. This approach 
might not necessarily be appropriate for major decisions but could be very 
helpful in some instances and enable considerable progress to be made between 
successive meetings of the Committee; it would depend on electronic exchange 
of information, views and comments throughout the year.

Blood products and related in vitro diagnostics
The Committee was informed of the progress made in implementing the WHO 
strategic plans for strengthening the quality assurance and safety of blood 
and blood products and ensuring the reliability of related in vitro diagnostics. 
Key areas included measures to minimize the transmission of bloodborne 
pathogens, including Trypanosoma cruzi (the causative agent of Chagas 
disease), updating the WHO guidelines on tissue infectivity distribution in 
transmissible spongiform encephalopathies, and developing much-needed up-
to-date guidelines on therapeutic animal-derived antisera against rabies and 
envenomations. These guidelines were in the early stages of development and 
expected to be submitted for adoption by the Committee in 2008. Progress was 
also being made in finalizing the updating of the 1994 WHO Requirements 
for Blood Products (WHO Technical Report Series, No. 840, 1994, Annex 2). 
Several priority projects for the development of international reference materials 
were described, including those for HIV-2 RNA , a replacement for hepatitis C 
virus RNA, anti-hepatitis B serum, and anti-syphilitic serum, an extension to 
the anti-HIV antibody panel, and the development of an International Reference 
Panel for the control of anti-Trypanosoma cruzi antibody tests. A number of 
important aspects remained to be resolved regarding the development of WHO 
reagents for Chagas disease tests; these included the size of the proposed panel, 
the extent of cross-reactivity of antibodies in different regions, the geographical 
regions that should be included and how to ensure that a panel meets the needs 
of all testing platforms.
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Plans for strengthening Good Manufacturing Practices in blood 
establishments through training in the regions were noted, as were plans for the 
creation of regional networks of national authorities involved in the regulation 
of blood and blood products. The work of the WHO Blood Regulators Network 
– an established network of leading regulatory agencies – is described elsewhere 
in this report.

The Committee was also informed of an emerging problem in the 
biologicals area, that of counterfeits. The blood products sector is characterized 
not only by altruistic blood donation but also by a multimillion dollar market. 
An increasing number of counterfeit products are being reported, including 
counterfeit plasma derivatives such as albumin. These products are of very 
different quality from bona fide products and can be dangerous; they are often 
of obscure origin with no information about plasma source, testing or virus 
inactivation. Ineffective kits for testing for HIV, hepatitis B (HBV) and hepatitis C 
(HCV) have also been found. Counterfeits tend to be sold in regions with 
unfavourable epidemiology but without stringent regulatory oversight, where 
the resulting damage may be particularly serious.

Reports from WHO International Laboratory and WHO Collaborating Centres
WHO Laboratory for Biological Standards, National Institute for 
Biological Standards and Control, Potters Bar, England

The Expert Committee was updated by the National Institute for Biological 
Standards and Control (NIBSC) on the production and distribution of WHO 
International Standards and Reference Reagents, as well as on current issues 
that might affect its future activities in this field. The Institute had recently 
benefited from substantial capital investment and was thus in a reasonably 
stable situation. The proposed integration of NIBSC into the Health Protection 
Agency (HPA) of the United Kingdom, previously reported to the Committee, 
had been delayed until 2009 but interactions between the two organizations 
are working well and it is now clear that the NIBSC functions will be retained. 
These functions consist principally of: the development of tests and standard 
materials; testing products as part of the European Official Medicines Control 
Laboratories system; providing advice to governments and regulatory and 
international agencies; and scientific research, which underpins all other 
activities. However, succession planning and long-term sustainability of the 
biological standardization programme remain very high priorities.

It was reported that approximately 21 000 WHO International Standards 
had been distributed to date in 2006–2007; this figure had been stable over 
the previous three years. Other standards and Reference Materials distributed, 
including influenza vaccine reagents, numbered some 85  000, which is an 
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increase over the 2005 figure. Access to biological material for use in producing 
reference materials is critical, and there had been recent difficulties in relation 
to availability of the influenza virus isolates from which human vaccine strains 
and reagents are produced. Various options were being explored to resolve this 
situation. In the case of essential reagents for seasonal and possible pandemic 
influenza vaccines, time was of the essence; the production and distribution of 
essential reagents are subject to extremely tight timelines and make considerable 
demands on NIBSC resources. Difficulties had also been encountered in the 
distribution of biological reference materials across international boundaries; 
this problem needed urgent attention at a higher level, especially when global 
health security could be affected.

Custodianship of some WHO standards had changed during the year. 
The whole collection of WHO haematology standards – 17 standards altogether, 
amounting to 27 000 ampoules – had been transferred from Sanquin in the 
Netherlands to NIBSC. Similarly, the remaining collection of antibiotic 
standards – 23 WHO standards (27 000 ampoules) and 6 non-WHO materials 
(10  000 ampoules) – had been transferred from NIBSC to the European 
Department of Quality of Medicines in Strasbourg.

There were currently more than 100 active projects related to the 
development of new reference materials, plus a number of collaborations with 
other WHO Collaborating Centres. Every year, NISBC plans and activities 
are formally reviewed, with WHO participating in the review process. Several 
new subjects for future work were proposed and are dealt with separately 
in this report, except for proposed work on genetic reference materials for 
haemochromatosis and other hereditary conditions, and for blood genotyping, 
which are usually considered to be outside the traditional remit of the Expert 
Committee and regulatory agencies. Genetic testing is a rapidly evolving area 
and there was a clear demand from testing laboratories for reliable reference 
materials. The Committee agreed that work was needed in this new and 
important area but pointed out the need for a prioritization process for the 
various topics. NIBSC was asked to report on progress at the next meeting of 
the Committee.

Demands for the production and distribution of standards and 
reference materials continue to grow, in both volume and range of products, as 
do demands for quality assurance. It was reported that a new internal quality 
assurance manual had been developed by NIBSC and was now in use. As 
demands increase, however, building sustainability into the Institute’s standards 
programme remains an essential goal. A balance is needed between core funding 
and the generation of external revenue. Using revenue from the production of 
secondary or working standards to fund work on international standards was 
one possibility.
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WHO Collaborating Centre for Quality Assurance of Blood Products and 
in vitro Diagnostic Devices, Paul Ehrlich Institute, Langen, Germany

The Expert Committee was given an update on the activities of the Paul Ehrlich 
Institute. The regulatory responsibilities of the Institute cover a wide range of 
medicinal products, vaccines, sera, monoclonal antibodies, cell and genetic 
therapies, tissue-engineered products, blood and blood products, and allergens. 
Current activities in support of WHO biological standardization work include 
standardization exercises for a range of in vitro diagnostic devices for hepatitis B 
genotypes, including genotype panels, an International Standard for anti-
hepatitis B core antigen (in collaboration with NIBSC), and a reference panel 
of mono-specific diagnostic sera for anti-HCV. A collaborative study is planned 
for 2008 to address a number of questions about this panel. The Institute is 
also participating in collaborative studies on International Standards for blood 
products, such as factor XIII concentrate, and supports WHO training courses 
in the field of regulatory control systems for blood components, plasma 
derivatives and in vitro diagnostics, as well as the training of staff working 
in regulatory authorities. In 2006–2007, trainees came form Croatia, Japan, 
Kuwait, Thailand and Turkey. New tests and technologies for detection of HIV 
and hepatitis C status are also being evaluated, including promising combined 
antigen/antibody tests. Much work is also being done in support of the 
validation of bacterial screening of blood products and evaluation of pathogen 
inactivation processes.

WHO Collaborating Centre for Biological Standardization, Center for Biologics 
Evaluation and Research, Food and Drig Authority  Bethesda, MD, USA

The Expert Committee was informed of the current activities of the Center 
for Evaluation of Biologics and Research (CBER) of the United States Food 
and Drug Administration (FDA) in the area of biological standardization and 
with the Pan American Health Organization, the WHO Regional Office for the 
Americas (PAHO/AMRO). The current term for CBER as a WHO Collaborating 
Centre was due to end shortly but a request for renewal had been initiated. New 
and more broadly-based terms of reference were being developed.

In 2007, CBER hosted and participated in a number of activities in support 
of international biological standardization covering in vitro diagnostics and 
other standards work. Interactions with PAHO/AMRO included participation 
in several technical workshops and collaborative studies and providing expertise 
for WHO Working Groups and Consultations, including vaccine safety activities 
such as the WHO Global Advisory Committee on Vaccine Safety. There had 
also been much involvement in developing reference materials for blood safety-
related in vitro diagnostics and contributions to the work of the WHO Blood 
Regulators Network. CBER had contributed its experience and expertise to 

WHO_TRS_963.indb   10 11/8/11   11:26 AM



General

11

activities related to human cells and tissues for transplantation, participated in 
the activities of the Council for International Organizations of Medical Sciences 
(CIOMS) and provided regulatory outreach to the Developing Country Vaccine 
Regulators and the African Vaccine Regulatory Forum.

In collaboration with Health Canada and WHO, much CBER effort had 
been directed towards work in support of regulatory preparedness for pandemic 
influenza vaccines, including the development of the draft guidelines currently 
before the Expert Committee. A consultation – supported by WHO, FDA and 
the National Institutes of Health (NIH) – on correlates of protection against 
influenza A viruses in support of pandemic vaccine preparedness was planned 
for December 2007.

Feedback from users of WHO biological reference preparations
European Department for the Quality of Medicines, Strasbourg, France

The Committee was informed of the work of the European Department for the 
Quality of Medicines (EDQM), which includes the European Pharmacopoeia, 
the development and distribution of regional European reference materials, 
training in quality systems, and the organization, oversight and audit of the 
Official Medicines Control Laboratories in Europe. Good collaboration with 
WHO was reported on a number of key products, such as low-molecular-
weight heparins, coagulation factors VIII and IX, and tetanus and diphtheria 
vaccines. EDQM is also active in seeking scientifically appropriate alternatives to 
animal testing.

The WHO International Standards for antibiotics that are still considered 
to be biologicals, and thus subject to biological assay, had been transferred 
smoothly from NIBSC to EDQM. In future, EDQM would be responsible for 
holding and distributing these standards. All of the procedures and standard 
operating procedures for establishing, distributing and monitoring these 
International Standards were now in place. Orders were received for 11 different 
products in 2006 and a total of 399 samples had been distributed all over the 
world. In 2007, 13 different products had been ordered to date and a total of 
447 samples distributed. The most frequently used International Standards 
for antibiotics were those for teicoplanin, dihydrostreptomycin sulfate and 
bleomycin. It was pointed out that, for historical and logistical reasons, some 
of these International Standards had a special status and had also been issued 
as European Regional Standards as agreed between WHO and EDQM before 
the transfer of materials. However, this was recognized as an unsatisfactory 
situation and procedures were being developed to ensure that two separate 
standards, international and regional, would be established in future and 
would be clearly differentiated. Replacements were needed for some of the 
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International Standards for antibiotics and work to establish both international 
and regional standards would proceed concomitantly.

The Expert Committee considered it important to distinguish clearly 
the roles of the various types of standards and agreed that nomenclature was 
important in this respect. Some thought needs to be given to whether the 
current terminology of primary and secondary standards was still appropriate 
or whether a better system could be devised. Feedback from users of both classes 
of standard on this and other issues related to the use of reference materials 
would be useful; in practice, however, significant human resources would be 
required to conduct a survey of users. Feedback information might be available 
through the assessment process for NRAs, and the Committee recommended 
that this item be considered at the next annual review meeting between WHO 
and the Collaborating Centres for biological standards. Other topics for 
consideration might include feedback on the performance of international and 
other standards, and the need for reference materials for vaccine clinical trials 
and for early evaluation of blood in vitro diagnostics.

Several other areas of close cooperation between EDQM and the 
WHO biological standardization programme were noted, including EDQM’s 
involvement in the elaboration of a WHO guideline on the calibration of 
secondary biological standards, where its experience in this area had served as a 
model. EDQM had also contributed its expertise and experience in updating the 
WHO Recommendations for diphtheria, tetanus and pertussis vaccines, and had 
participated in a WHO consultation on lot release procedures for vaccines, held 
in Ottawa, Canada.

Moving from biological to chemical reference materials
The Expert Committee noted a discussion paper on the transition from a 
biological to a chemical assay for the quality assurance of medicinal substances 
and formulated preparations (WHO/BS/07.2070). At their respective meetings 
in 2006, the Expert Committee on Biological Standardization and the Expert 
Committee on Specifications for Pharmaceutical Preparations had requested 
WHO to develop guidance on the use of its standards in this area. The current 
discussion paper was provided to stimulate further comment from both Expert 
Committees.

The change from using biological assay methods, reporting in 
International Units (IU), to a chemical approach, using physicochemical 
assay methods and reporting in SI units, is an evolutionary step that might be 
considered simple; it would be based on an increased understanding of the 
structure/function relationships of biological molecules. In practice, however, the 
transition is far from simple, despite considerable progress in the development 
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of physicochemical techniques for characterizing biological macromolecules. 
Appropriate scientific evidence would be required to justify relying solely on a 
physicochemical assay; the amount and type of evidence necessary would depend 
on the purpose of the assay (product characterization, routine quality control, 
or pharmacopoeial compliance). Such transitions usually proceed gradually 
as evidence accumulates and confidence grows. Once data are available from 
several manufacturers and have been published and collaborative work has been 
done to establish a chemical reference substance, the switch from biological to 
physicochemical assay might be considered.

Insulin is perhaps the best example among a group of transitional 
substances for which both IU and SI units exist. The potency of insulin is 
determined by physicochemical methods and expressed in SI units, but its 
biological activity in IU is retained for description or labelling of the dosage 
form. In some instances, biological activity is seen as an intrinsic property of the 
molecule and not a variable property as before. In the case of oxytocin, a specific 
activity has been adopted by convention but only on a regional basis. In Europe, 
the assumption is that 1 mg of pure oxytocin will always have 600 IU of activity; 
in other regions, the WHO International Standard may still be used to define 
this relationship. This transitional group of substances also includes growth 
hormone (somatropin) and calcitonin, and the same issues can be expected for 
various other products. Eliminating the need for a bioassay for release of the 
product does not automatically obviate the need for any bioassay. However, once 
it is accepted that the specific activity of a substance, in IU/mg, is an intrinsic 
and invariable property, the role of the WHO International Standard, calibrated 
in IU, becomes equivocal.

The assays that the WHO biological standards support are very rarely 
carried out. Resources are limited, both in WHO collaborating laboratories and 
in potential bioassay laboratories, with the result either that the actual need for 
both standards is questioned or that the assays are given low priority. In these 
situations, the exact role of the WHO International Standard and the chemical 
reference substances needs to be clarified. Three possible approaches have 
been suggested – retain the International Standard, withdraw the International 
Standard, or establish a virtual International Standard. A plan of action to develop 
guidance on these issues has been called for: not only will the problem remain 
but, with the development of biosimilar or follow-on biologicals,  it will probably 
become more acute.

The Expert Committee recognized the need to develop guidance in this 
difficult area and recommended that WHO organize a broader consultation 
with key stakeholders, regulatory authorities, testing laboratories and 
industry to consider ways forward. The same discussion paper would now be 
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submitted for consideration by the Expert Committee on Specifications for 
Pharmaceutical Preparations.

Development of tools for assessing 
implementation of WHO standards
In the past, WHO has been concerned mainly with developing international 
standards for biological products through a truly global consultative process, 
which includes securing the best international expertise, and making both 
written and physical measurement standards available worldwide. It is clear 
now that this is not enough, and consideration needs to be given to the 
promotion and implementation of these standards. The expectation is that, 
once a written standard has been adopted by the Expert Committee on 
Biological Standardization and published by WHO or posted on the Internet, 
the recommendations or guidelines will be incorporated into national 
regulations by NRAs or national control laboratories (NCLs), considered by 
national pharmacopoeias for incorporation as appropriate into monographs, 
and implemented by manufacturers of biological products. .In practice, 
different scenarios are found. In some cases, information about recently 
adopted WHO standards does not reach the target audience. In others, there 
are different interpretations of the principles described – possibly because of 
unclear statements in the texts – or there is a lack of expertise and confidence at 
NRA/NCL level in adopting such texts, especially where the recommendations 
are not sufficiently prescriptive. At times, the guidance provided by other bodies 
is followed. There are also major challenges in keeping up with the impact of 
new and emerging technologies on public health as well as the evolution of 
quality systems.

The Expert Committee agreed that there was a need to improve 
the promotion and implementation of WHO International Standards and 
encouraged the Secretariat to explore ways of doing this. Examples of recent 
implementation measures were discussed, including regional involvement, 
workshops organized by the International Association for Biologicals and 
other scientific societies and nongovernmental organizations, as well as 
the development of training curricula. Activities would be aimed at both 
NRAs  and NCLs, manufacturers and other users. The importance of making 
information available was also emphasized; this might be accomplished 
through existing regulatory networks and meetings, such as the African 
Vaccine Regulatory Forum, the WHO Blood Regulators Network and 
the biannual International Conference of Drug Regulatory Authorities, 
and by improved WHO web sites on biologicals and blood products. No 
single promotional and implementation process was sufficient on its own; 
coordination with other standards-setting bodies, such as the International 
Organization for Standardization, was also important.
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Nomenclature for biological medicines
The Expert Committee was informed that a WHO Meeting on International 
Nonproprietary Names (INN) for Biologicals,  held in April 2007, had 
discussed and reviewed in depth current INN policies for naming and defining 
biological medicines. The aim was to recommend policy directions that 
would ensure consistency of approach to nomenclature for biologicals and 
address current anomalies. The resulting recommendations were endorsed 
by the 44th Consultation on International Nonproprietary Names (INN) for 
Pharmaceuticals, held in May 2007. It was strongly recommended that any new 
policies should not be applied retrospectively.

There was agreement that existing INN definitions for glycoproteins 
were inadequate and should be reviewed in terms of current knowledge and 
consistency of application. More information should be requested at the time 
of application for an INN and consideration given to how much information 
should be included in the INN and how much in the definition. There were 
arguments both for and against the current practice of including specific Greek 
letters to differentiate different glycoforms; in view of the lack of consensus, no 
change in INN policy was recommended at this time. However, consideration 
would be given to drawing up a list of internationally agreed codes to reflect 
different production processes (such as CHO for Chinese hamster ovary cells). 
These codes would be discretionary – not part of the INN – and used when 
an NRA wished to distinguish different production systems. Nomenclature for 
monoclonal antibodies was considered extremely complex, especially in the 
light of current developments in antibody types and fragments with different 
functions, as well as progress in glyco-engineering, and it was recommended that 
an expert group be established to review the field and make recommendations.

No changes had been recommended in INN policy for cells and tissues, 
which therefore continue to remain outside the remit of the INN system. 
However, it was recommended that the Expert Committee on Biological 
Standardization consider developing guidelines for the quality control and 
safety evaluation of stem cells and tissue-engineered medicinal products.

Arguments had been made for considering the nomenclature of all 
blood products, whether naturally derived or from recombinant DNA (rDNA) 
processes, in the same way. The latter products already have assigned INN; 
naturally derived blood products do not. It was proposed that INN should not 
be assigned to any of these products. However, it was the general consensus that 
there should be no change to current practice, since existing policies were well 
established and many novel products with defined modifications introduced 
through rDNA technologies were already being marketed or developed. 
Products derived from rDNA processes would therefore continue to be assigned 
INN, while naturally derived blood products would remain outside the INN 
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system. It was recommended that nomenclature policies in this evolving field 
be monitored by close liaison between the INN Expert Group, the WHO Expert 
Committee on Biological Standardization and the International Society on 
Thrombosis and Haemostasis, as well as the WHO Blood Regulators Network.

No separate policies were recommended for products derived from 
transgenic animals or plants, or for the so-called “biosimilar” products discussed 
below. Gene therapy products would continue to be assigned INN and likewise 
there would be no change in INN policy for naturally derived or biotechnology-
derived enzymes.

Currently, no INN are assigned to vaccines, which are given international 
and proper names by the Expert Committee on Biological Standardization. 
There was a firm recommendation that the Expert Committee continue to 
assign names to prophylactic vaccines. It was also recommended that current 
inconsistencies in vaccine nomenclature should be reviewed and that the 
nomenclature scheme be extended to cover all vaccines, not just those for 
which WHO Recommendations are developed. It was also suggested that the 
Expert Committee consider developing internationally agreed abbreviations for 
vaccines. A similar suggestion had been made by a CIOMS Working Group. 
However, the April 2007 Meeting considered that small peptides used as peptide 
vaccines or immunostimulators in cancer treatment were within the scope 
of INN. Close liaison between the INN Expert Group and the WHO Expert 
Committee was recommended in order to monitor nomenclature policies in 
this evolving field and to consider special topics, such as viral vectors for use as 
cancer vaccines.

The Expert Committee recognized the complexity of the vaccine field 
but acknowledged the importance of internationally accepted names. These 
are needed for licensing and pharmacovigilance, and for monitoring dosing 
schedules and interchangeability purposes. The Committee agreed that a review 
of the vaccine nomenclature system should be undertaken and requested the 
Secretariat to develop a plan of action. The Committee would also take advice 
on whether a system of international vaccine abbreviations could realistically 
be developed. A paper on vaccine nomenclature from the United States 
Pharmacopeia was circulated for information.

Regulatory evaluation of “biosimilars”/“follow-on biologics”
The Committee received the report of a WHO Consultation on the Regulatory 
Evaluation of Therapeutic Biological Medicinal Products, held in April 2007. 
Participants had included regulators from Australia, Brazil, Canada, China, 
the European Union, Germany, India, the Islamic Republic of Iran, Japan, 
the Republic of Korea, Switzerland and the USA, generic and innovator 
manufacturer’s associations, including those in developing countries, and 
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representatives from academia and public health. The Consultation had been 
held in response to requests to WHO from the International Conference of Drug 
Regulatory Authorities (Seoul, 2006) and from the fifty-seventh meeting of the 
Expert Committee on Biological Standardization, to review current directions 
and challenges in the regulatory evaluation of the quality, safety and efficacy of 
so-called “biosimilar” biological products. The Consultation had also explored 
the need for, and possible form of, WHO regulatory guidance in this field. 
Biosimilars are defined as products that are subject to licensing with a reduced 
data package because of proven “similarity” to an existing licensed biological.

The Committee heard that increasing numbers of patents for biological 
medicines would expire over the coming years; some had already expired. 
Biologicals “similar” to innovator products are now coming to the market, 
subsequent to the appearance of approved innovator products, and are being 
considered for licensing on the basis of a reduced data package. The cost of 
innovative therapeutics is often prohibitive and this has severely limited their 
use, especially in developing countries. Biosimilars are expected to be more 
affordable than the innovator products, and it is believed that this may help 
to improve access to these important biotherapeutics. Biosimilars are definitely 
here to stay; the important issue now is to provide appropriate regulatory 
oversight for these products.

The Consultation had revealed that biosimilar products were already 
being marketed in many Asian countries and that a few had also been licensed 
in developed countries. However, it was unclear whether the definition of 
biosimilars and terminology such as interchangeability was consistently 
applied by regulatory agencies. Moreover, there was variability in the regulatory 
pathways used for licensing. The Consultation agreed that biologicals do 
not meet the criteria for true generic products, since biologicals cannot, by 
definition, be identical: the manufacturing process for biologicals is critical in 
defining the characteristics of the final product. Different names are given to 
these biological products by different jurisdictions: they are called “subsequent 
entry biologics” in Canada, “biosimilars” in the European Union, “biogenerics” 
in India, and “follow-on biologics or protein products” in Japan and the USA. 
No particular name was recommended but it was suggested that the term 
“biosimilar” be used until a definitive WHO position on nomenclature is 
reached. Some authorities, such as the European Medicines Evaluation Agency, 
had already established regulatory pathways for biosimilars, and others, such as 
the Canadian authority, were close to doing so; others, in developing countries 
in particular, had no regulatory framework for such products.

Generally, the same issues and problems were highlighted by all 
regulatory agencies. These included definitions and nomenclature; regulatory 
pathways to be used for licensing; the scope of products to be included under 
the umbrella of “biosimilars”; the degree of “similarity” with the innovator 

WHO_TRS_963.indb   17 11/8/11   11:26 AM



18

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
63

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-eighth report

product; the amount of nonclinical and clinical data needed to support licensing; 
the type of clinical study undertaken; whether non-inferiority or therapeutic 
equivalence with a comparator was sought; and the nature of the comparator 
product itself. The issue of extrapolation of indications following abridged 
clinical studies and interchangeability in prescribing is extremely important, and 
post-marketing surveillance was also considered to be important in the light of 
potential immunogenicity concerns. It was agreed that extensive physicochemical 
characterization of each biosimilar would be essential but that the amount of 
clinical data expected would be on a case-by-case basis. The nature of the 
comparator, however, remained an issue: in some countries the comparator has to 
be a product already licensed in the country where application for the biosimilar 
licence is being made, while this is not necessarily the case in other countries.

The Consultation had agreed that a WHO guideline on the key 
concepts and issues related to biosimilars would be helpful but should not be 
too prescriptive. An outline of proposed key components of a WHO guideline 
was reviewed and agreed by the Expert Committee. It covered background, 
possible regulatory pathways and expectations, basic criteria for the evaluation 
of biosimilars and proof of similarity, nonclinical and clinical testing needs, 
and post-marketing surveillance. The Committee requested that the Secretariat 
establish a small working group to develop a plan of action for the development 
of WHO guidelines on regulatory evaluation of biosimilars ready for discussion 
at a consultation planned for the second quarter of 2008. It was expected that 
the proposed guidelines would be submitted to the Expert Committee for its 
consideration in 2008.

WHO Blood Regulators Network
At its meeting in 2004, the Expert Committee had recommended that WHO 
promote cooperation among regulatory authorities experienced in the blood 
area. The recommendation was made in recognition of the globalization of the 
marketplace, the increasingly mobile global population and the heightened 
vulnerability of Member States to communicable disease threats affecting blood 
safety. In October 2006, WHO established the Blood Regulators Network to 
foster the collaboration of leading authorities with regulatory responsibility for 
all aspects of blood and blood products and with the capacity to address emerging 
public health challenges. According to its terms of reference, the Network 
addresses regulatory issues related to all blood and blood products, together with 
associated drugs, medical devices and in vitro diagnostics. The objectives of the 
Network are to identify issues that need global solutions, to share expertise and 
information, and to promote science-based convergence of regulatory policy 
as a means of fostering the development of international consensus – but not 
necessarily harmonization – on regulatory approaches.
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The Expert Committee received a short report on the work of the 
Network during its first year; it was pointed out the Network does not 
officially make recommendations to the Committee but would do so when 
appropriate. Six regulatory agencies had been invited to join the Network in 
the first instance – Agence Française de Securité Sanitaire des Produits de Santé 
(France), Food and Drug Administration (USA), Health Canada (Canada), Paul 
Ehrlich Institute (Germany), Swissmedic (Switzerland) and Therapeutic Goods 
Administration (Australia). An inaugural meeting had been held in 2006 and, to 
date, two teleconferences in 2007. At this stage, members of the Network were 
learning how to work together under the terms of reference, and discussions 
had focused particularly on mechanisms for sharing information and use of 
confidentiality agreements. Other topics included blood systems preparedness 
for pandemic influenza, the scientific basis for excluding as donors men who 
have sex with men, and France’s response to the chikungunya virus outbreak 
in La Réunion. Some of these topics would be considered further at the next 
meeting, together with the issue of counterfeit blood products, experience of 
pathogen-inactivation technologies, and development of an assessment tool for 
the evaluation of blood regulatory programmes.

The Expert Committee on Biological Standardization acknowledged 
the progress being made by the WHO Blood Regulators Network. There was 
considerable discussion of how the Network might work more closely with 
other WHO Member States, especially developing countries, that did not yet 
meet membership criteria, and it was recommended that this aspect be further 
explored by WHO and the present Network members. Different approaches 
might be considered but it was important not to lose sight of the original 
Expert Committee concern – the need for a forum to facilitate the cooperation 
of experienced regulators in the field. Periodic interaction of the WHO Blood 
Regulators Network and future regional networks working in the blood area 
might be one way forward.
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International recommendations, guidelines, 
and other matters related to the manufacture 
and quality control of biologicals

Recommendations for inactivated Japanese 
encephalitis vaccine for human use
Japanese encephalitis is the most important viral encephalitis affecting countries 
of south-east Asia and the western Pacific. Transmission has intensified in certain 
countries over the past 25 years, and the disease has also extended its geographical 
range to previously unaffected areas of Asia and to northern Australia.

WHO Requirements (now termed Recommendations) for Japanese 
Encephalitis Vaccine (Inactivated) for Human Use were first adopted by the 
Expert Committee on Biological Standardization in 1987 and published in 
1988. Since that time, alternative modes of production have been introduced 
that use primary or continuous cell lines as substrates for production, instead 
of mouse brain tissue. At its fifty-sixth meeting in 2005, the Expert Committee 
recommended that the guidance for inactivated Japanese encephalitis vaccines 
be revised in the light of new information and that sections on nonclinical and 
clinical evaluation be included in the amended text.

The Committee reviewed revised Recommendations for Japanese 
Encephalitis Vaccine (Inactivated) for Human Use (WHO/BS/07.2064), which 
had been developed following two consultations, one in Geneva (June 2006) 
and the other in Bangkok (February 2007). The revised draft encompasses 
inactivated Japanese encephalitis vaccines produced in mouse brain as well as 
in cell substrates (e.g. primary hamster kidney cells or continuous Vero cell 
line). Nevertheless, the Committee encouraged the development of cell culture-
derived vaccines in preference to mouse-brain vaccines and asked that this 
point be included in the revised text. The Committee also encouraged WHO to 
consider developing an international standard for this vaccine.

After making a number of changes, the Committee adopted the 
revised text as the WHO Recommendations for Japanese Encephalitis Vaccine 
(Inactivated) for Human Use (Revised) and agreed that it should be annexed to 
its report (Annex 1).

Regulatory preparedness for human pandemic influenza vaccines
The Expert Committee noted draft WHO Guidelines on regulatory preparedness 
for human pandemic influenza vaccines (WHO/BS/07.2074), which had been 
prepared following three technical workshops held in Ottawa (March 2006), 
Washington, DC (June 2006) and Geneva (June 2007). The goal of these 
workshops was to build a global network of key regulatory authorities engaged 
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in, and responsible for, pandemic influenza vaccine regulation and to develop 
guidelines on regulatory preparedness for pandemic influenza vaccines. The 
guidelines are intended to provide state-of-the-art advice and recommendations 
concerning: regulatory pathways for human pandemic influenza vaccines; 
regulatory considerations to be taken into account in evaluating the quality, 
safety and efficacy of candidate vaccines; and recommendations for effective post-
marketing surveillance of these vaccines. They deal with both the pre-pandemic 
situation and the situation following declaration of a pandemic by WHO.

The Committee made a significant number of changes to the draft 
document in the light of its discussion and review of comments received during 
the external review period. Changes included reordering of text, minimizing 
repetition, clarifying guidance points and terminology with respect to pre-
pandemic and pandemic use of vaccine, and highlighting issues such as 
information-sharing, especially regarding safety signals. The Expert Committee 
also proposed that the scope of the guidelines be amended and stated more 
clearly. It was emphasized that the guideline should be seen as a “living” 
document that would be updated as and when necessary to take account of new 
data, developments and information, and that this should be made clear in the 
published document.

In view of the global importance of the guidelines, the Expert Committee 
adopted the text subject to satisfactory amendments being finalized. A plan of 
action was agreed for amending the text and approving the final revised version 
by electronic consultation within specified timelines. The Committee also 
agreed that the adopted revised text should be annexed to its report (Annex 2). 
A process for periodic updating of the document by the Expert Committee was 
also agreed.

Clinical evaluation of dengue vaccines
The Committee noted that published guidelines for clinical evaluation of 
candidate dengue vaccines, developed in 2002 by the Special Programme for 
Research and Training in Tropical Diseases (TDR), had been updated by the 
WHO Initiative for Vaccine Research to take account of a number of issues, 
including a major revision of the clinical end-points. The guidelines address both 
traditional live attenuated candidate dengue vaccines as well as live flavivirus 
chimeras based on yellow fever vaccine, recombinant subunit formulations 
and inactivated whole virus. Because of major concerns about potential 
safety issues in the case of candidate dengue vaccines, with the possibility of 
dengue-enhancing effects, the updated guidelines emphasize the protection 
of participants in dengue vaccine trials and the need for a strong regulatory 
infrastructure. Asked for comments on the updated document in advance of its 
being submitted for publication, the Committee noted that proposed clinical 
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trial end-points involved viraemia and considered it important that virological 
assays, as well as serological assays for neutralizing antibodies, be standardized 
in order to ensure the comparability of future clinical studies. The need for, and 
possibility of developing, appropriate reference materials would be explored.

Recommendations for clinical evaluation 
of meningococcal C vaccines
Recommendations for the production of meningococcal group  C conjugate 
vaccines were adopted by the Expert Committee on Biological Standardization 
in 2001. In 2003, the Committee adopted an Addendum devoted to clinical 
evaluation of these vaccines. Following adoption of the Recommendations to 
Assure the Quality, Safety and Effectiveness of Meningococcal  A Conjugate 
Vaccines in 2006, and in the light of new data,  the Expert Committee 
recommended updating the clinical section of the meningococcal C document 
with respect to evaluation of immune responses to these conjugate vaccines. New 
data had indicated that antibody persistence was likely to be more important 
for clinical protection than immune memory, as had originally been expected. 
Although important, immune memory alone is not sufficient to maintain 
protection – and maintaining antibody persistence after the administration 
of the meningitis C conjugate vaccine is now considered to be critical. Data 
also suggest that administration of unconjugated vaccine to assess induction 
of immune memory after a primary meningitis  C immunization series, as 
originally recommended, is in fact detrimental and leads to the development 
of hyporesponsiveness to further doses of meningococcal C conjugate vaccine. 
More recent data (unpublished) presented to the Committee reinforced this 
view, and the use of plain polysaccharide vaccine is not now recommended for 
the assessment of prior induction of immune memory.

The Committee reviewed the draft WHO Recommendations for the 
Production and Control of Meningococcal Group C Conjugate Vaccines – Part 
C, Clinical Evaluation of Group C Meningococcal Conjugate Vaccines (Revised) 
(WHO/BS/07.2065). After making a few changes to the text, in particular 
clarifying the new recommendation for assessment of immune memory, the 
Expert Committee adopted the amended version, which was annexed to its 
report (Annex 3).

Revision of guidelines for cell substrates
The Committee was informed of progress being made in updating current 
WHO guidance on cell substrates. A WHO Study Group on Cell Substrates had 
been established in 2006 to review current WHO recommendations on the use 
of animal cell substrates as in vitro substrates for the production of biologicals 
and to propose revision in the light of recent scientific and other developments. 
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At its second meeting in June 2007, the Study Group reviewed scientific data 
that would form the basis for new recommendations and made a number of 
proposals for further investigations. Details can be found in its meeting report, 
available on the Internet at http/www.who.int/biologicals.

For many years, WHO provided global leadership in defining technical 
specifications for quality assurance and safety of biological medicines produced 
in cell substrates. The last full revision of WHO requirements for the use of 
animal cells as substrates for production of biologicals was adopted by the Expert 
Committee in 1996 and published in 1998 (WHO Technical Report Series, No. 
878). Since then, significant progress has been made in the development and 
use of novel continuous cell lines of mammalian origin, as well as insect cells, 
for the production of biologicals, including vaccines. There is consequently an 
increasing need for the re-evaluation of existing criteria for the acceptability 
of such cell lines. In addition, there is a need to consider new issues in cell 
substrate safety arising from these novel cell types, from the impact of new and 
more sensitive technologies for adventitious agent testing, and from scientific 
knowledge regarding the assessment of tumorigenicity; this should take account 
not only of the quantity of residual host cell DNA but also of its quality, as well 
as of the potential risk of RNA which is now recognized as playing an important 
part in cell regulation. Studies using the best available technology are in progress 
in industry, research institutes and regulatory agencies to provide data on which 
a risk-reduction strategy can be based. The Expert Committee recommended 
that analysis of these data be published in peer-reviewed journals as support for 
future recommendations.

The revised document would cover all animal cells for production of 
biologicals, but not plants or plant cells. The Expert Committee recommended 
that consideration be given to inclusion in the revised document of stem 
cells, hybridomas and cell lines already in use in the veterinary field. It was 
emphasized that cell substrate issues should not be viewed in isolation but in the 
context of the final biological product, taking into consideration the processes 
involved in production and product use, such as inactivation procedures for 
adventitious agents.

Revision of the WHO document is expected to take 2–3 years and will 
involve broad consultation with regulators, manufacturers and other relevant 
parties. A scientific meeting on the topic, organized jointly by WHO and the 
International Association for Biologicals, is planned for 2008.

Proposed replacement seed stock for human diploid fibroblast 
MRC-5 cells for manufacture of biological medicines
The original seed stock of MRC-5 cells (population-doubling level 7, PDL-7) 
was established in the 1960s in the United Kingdom and cells from this bank 

WHO_TRS_963.indb   24 11/8/11   11:26 AM



International recommendations, guidelines, and other matters

25

have since been released by NIBSC for use in the development of a number 
of major viral vaccines. This cell line is a human fibroblast culture that can 
be passaged in vitro for approximately 50 population doublings, after which 
MRC-5 cells become senescent and cease to replicate; it is thus a finite cell line. 
Manufacturers’ stocks of these cells need periodic replacement from NIBSC, 
and stocks of the original cells have therefore been depleted. Combined with 
the observed deterioration of the original glass vials in which the cells are 
stored frozen in liquid nitrogen, this has resulted in the need to replace the 
stocks held at NIBSC in order to ensure continuity of supply of these cells for 
vaccine development.

With the support of the Expert Committee and in collaboration with 
manufacturers, NIBSC produced a replacement bank of MRC 5 cells at a 
slightly higher passage level than the original stock and subjected it to detailed 
characterization and testing (WHO/BS/07.2077). A “cell line master file” has 
been produced, which provides information on the history, production and 
testing of the original cell bank as well as on the new cell bank, and a cell line 
data sheet and “Information for use” document are also available for release 
with the new cell bank. The new MRC-5 cell bank at PDL-12 was derived 
from the original PDL-7 material. It should be noted that the PDL-12 MRC-5 
replacement cell bank, like its predecessor, is a seed stock or “reference cell 
bank” and that recipients of these cells should establish their own master 
cell banks for thorough re-qualification. A seed stock with a PDL of 12 was 
considered satisfactory by manufacturers; it would provide sufficient in-vitro 
passage capacity for the preparation of manufacturers’ master cell banks and for 
production, including allowance for the likely passages required for the cells to 
adapt to new serum-free culture conditions.

On the basis of the data presented, the Expert Committee established the 
new MRC-5 PDL-12 cell bank as a replacement for the original MRC-5 PDL-7 
stock. It recommended that its use be restricted to the production of biologicals 
and that a formal monitoring programme be established, under the auspices of 
a WHO working group, which could oversee both the WHO MRC-5 and WHO 
Vero 10-87 cell banks.

Recommendations for the production and control 
of pneumococcal conjugate vaccines
The Committee received a report on the newly established Advanced Market 
Commitment (AMC) programme for pneumococcal vaccines. The AMC is 
a financial commitment supported by the Global Alliance for Vaccines and 
Immunization (GAVI), the World Bank and other donors to subsidize the 
future purchase, up to a pre-agreed price, of a vaccine that is so far unavailable 
in developing countries (even if available elsewhere), if so requested by a 
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GAVI-eligible country. The goal is to motivate increased investment in the 
development, and use in the world’s poorest countries, of relevant life-saving 
vaccines. The pneumococcal vaccine AMC had been selected to pilot this new 
financing instrument.

Part of the AMC process involves defining product formulations and 
specifications for eligible products in advance. The resulting “target product 
profiles” define the criteria that relate to public health impact – for example, 
in the case of pneumococcal vaccine, the selection of geographically relevant 
serotype composition. The intention is to drive industry towards a desirable 
vaccine design for particular developing country settings, which could have 
implications for, for example, vaccine stability needs, dosing, scheduling or 
compatibility with available delivery systems.

The Committee noted this initiative with interest. Development, quality 
control and clinical testing would follow published WHO Recommendations 
for pneumococcal conjugate vaccines, including nonclinical and clinical 
evaluation, as well as other relevant guidelines, such as those on the evaluation 
of vaccine stability. WHO pre-qualification would also be sought for these 
vaccines. The Committee emphasized the need for appropriate regulatory advice 
on target product profiles, as well as for continued communication between 
the developers of target product profiles and the WHO Expert Committee on 
Biological Standardization to ensure that WHO specifications are in place for 
the products described, such as future protein-based pneumococcal vaccines.

In vitro diagnostic devices
The Committee received the report of a meeting of the WHO Collaborating 
Centres for Biological Standards and Standardization, 29–30 January 2007, on 
“Development of WHO Biological Reference Preparations for Blood Safety-
related in vitro Diagnostic Tests”. The participating Collaborating Centres were 
NIBSC, the Paul Ehrlich Institute and CBER, which hosted the meeting in 
Rockville, MD, USA. The objectives of the meeting were to foster cooperation 
among WHO Collaborating Centres for Biological Standards and Standardization 
and to strengthen the development of WHO International Biological Reference 
Preparations for the control of in vitro diagnostic (IVD) tests related to blood 
safety. A discussion between experts from the Collaborating Centres on the 
scientific issues involved in this work and on the major priorities and prospects 
of interest for each Centre was considered essential to support the establishment 
of WHO Reference Preparations in the in vitro biological diagnostic field.

The agenda of the meeting covered the following high-risk 
microbiological agents, which have an impact on blood safety: HIV, HBV, 
HCV and other hepatitis viruses, human parvovirus B19 (B19V), human T-cell 
lymphotropic virus types 1 and 2 (HTLV-1, HTLV-2), cytomegalovirus (CMV), 
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arthropod-borne viruses (West Nile, dengue), and human herpes virus type 8 
(HHV-8). The causative agents for bacterial and parasitic diseases such as 
syphilis, malaria, Chagas disease and leishmaniasis were also included in the 
agenda, together with an update on the need for reference materials to validate 
candidate tests for detection of prion agents in blood.

The meeting considered an overview of the currently established 
WHO Biological Reference Preparations, and reviewed new proposals for 
development. The meeting’s recommendations and proposals would be used 
to inform a proposed five-year strategic plan for IVDs; conclusions concerning 
priority projects for the establishment of Biological Reference Preparations 
would be submitted to the Expert Committee on Biological Standardization 
for consideration and endorsement. The meeting also identified a need for 
improved opportunities for collaboration both between Collaborating Centres 
and between WHO and the Collaborating Centres. Annual face-to-face meetings 
as well as teleconferences were considered necessary to monitor progress. The 
need to establish a network of Collaborating Centres for IVD-related biological 
standardization representing all the WHO regions was emphasized, in order to 
ensure complementary and focused expertise at global level.

The following priority projects were identified both for establishing new 
WHO Biological Reference Preparations or for replacing existing Reference 
Preparation batches nearing exhaustion.

 ■ Replacement of existing WHO Reference Preparations for:

 – anti-HBs immunoglobulin (proposed Second International 
Reference Preparation) 

 – HCV RNA (proposed Third International Standard) 
 – B19V DNA (proposed Second International Standard) 
 – anti-syphilitic standard (proposed Second International 

Standard).

 ■ New WHO Biological Reference Preparations required:

 – HIV-1 genotype panel (proposed Second International Reference 
Panel) 

 – HIV-2 RNA International Standard 
 – anti-HIV antibody panel (proposed Second International 

Reference Panel) 
 – HB surface antigen and HBV DNA genotype panels 
 – anti-HBc International Standard 
 – anti-HCV antibody panel 
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 – anti-HTLV-1/2 antibody panel 
 – anti-Plasmodium species panel 
 – anti-Trypanosoma cruzi antibody preparation/panel.

Proposals for the following Biological Reference Preparations were 
considered to need further discussion and will be included in the agenda of 
forthcoming Collaborating Centre meetings:

 ■ HIV-2 RNA genotype panel 
 ■ HCV genotype panel 
 ■ B19V genotype panel 
 ■ anti-CMV antibody standard 
 ■ West Nile virus RNA preparation/panel for arthropod-borne flavivirus 

RNA 
 ■ HCV core antigen preparation 
 ■ preparations for HHV-8 antibodies and HHV-8 DNA 
 ■ TSE blood preparations 
 ■ bloodborne bacteria panel 
 ■ anti-Leishmania antibody panel.

The Committee took note of the report and endorsed its 
recommendations. The Committee also asked to be updated annually so that it 
was kept informed about the development status of the various projects and so 
that it could review completed projects.

Quality, safety and efficacy of antisera
Antivenom immunoglobulins are the only therapeutic products available for the 
treatment of envenomings due to snake bites or scorpion stings. The shortage of 
antivenom immunoglobulins has become a critical health issue at global level; 
the crisis is most intense in sub-Saharan Africa, but other regions, such as south-
east Asia, are also suffering from a lack of effective products. The declining 
number of producers and the fragility of the production systems in developing 
countries further threaten the availability of antivenoms in Africa, Asia, the 
Middle East, and South America. Most of the remaining producers are located 
in countries where the application of quality and safety standards needs to be 
improved. In 2005, the Expert Committee recognized the extent of the problem 
and endorsed, as a priority, the role that WHO should play in supporting and 
strengthening world capacity to ensure long-term and sufficient supply of safe 
antivenoms. In March 2007, inclusion of antivenom immunoglobulins in the 
WHO Model List of Essential Medicines acknowledged their role in a basic 
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1 Guidelines on tissue infectivity distribution in transmissible spongiform encephalopathies. Geneva, World 
Health Organization, 2006. See also:  http://www.who.int/blood products/tse/en.

health care system, as well as their efficacy, safety and cost-effectiveness for 
priority conditions.

In response to these needs, WHO convened a drafting group to develop 
proposed WHO guidelines on production, quality control, and regulation of 
antivenom immunoglobulins. By providing comprehensive coverage of all the 
steps involved in the production of venoms and safe and effective antivenoms, 
the guidelines – aimed at national control authorities and manufacturers – are 
intended to support worldwide production of these essential medicines.

An advance document prepared by the drafting group was presented to 
the Committee. It provides guidance on the different stages in the preparation of 
venoms, preparation of antisera, fractionation, and distribution of the products 
to the field and aims to support GMP for antivenom immunoglobulins. The 
document was well received by the Committee, and the Blood Regulators 
Network agreed to provide comments before the draft was updated. The 
Secretariat outlined plans for consultation on an updated draft in two 
interregional workshops, with the participation of regulators.

The Committee agreed with the process for wide consultation on 
the proposed guidelines and advised that a formal proposal for adoption of 
an updated document should be presented to the Committee at the earliest 
opportunity. The Committee were also of the opinion that a similar model 
might be used for the development of guidelines for animal-derived rabies 
immunoglobulins, for which no WHO guidance currently existed.

Transmissible spongiform encephalopathies
WHO publishes authoritative information on the assignment of infectivity 
for transmissible spongiform encephalopathies (TSEs) in human and animal 
tissues, which may be used in the manufacture of medicinal products. This 
information is intended to assist NRAs and manufacturers in conducting risk 
assessment studies and selecting measures to reduce the risk of transmitting 
TSE though medicinal products. Any attempt to construct an assessment of 
TSE risk for biological and other pharmaceutical products should begin with 
an evaluation of infectivity in the human or animal tissues from which these 
products are derived.

New scientific information has emerged since WHO guidance was last 
published.1 A proposed update (WHO/BS/07.2078) was compiled by the expert 
advisory group that has been responsible for the development and updating of 
WHO’s TSE infectivity tables since 2003. The proposed update addressed major 
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categories of infectivity. The assignment of tissues to high, low, and undetected 
infectivity categories was based exclusively on observations of naturally 
occurring disease or of primary experimental infection by the oral route (in 
ruminants). The update did not include results from disease models using strains 
of TSE that had been adapted to experimental animals, because passaged strain 
phenotypes can differ significantly and unpredictably from those of naturally 
occurring disease. However, for tissues and fluids of exceptional public health 
interest, such as muscle, intestine, skin, secretions and excretions, experimental 
results were indicated in footnotes.

Because the detection of misfolded host prion protein (PrPTSE) broadly 
parallels infectivity titres in various tissues, PrPTSE testing results have been 
presented in parallel with bioassay data. In this third version of the original 2003 
document, current information about the distribution of infectivity and PrPTSE 
in chronic wasting disease (CWD) of deer and elk was included. Although not 
currently an important concern for human health, CWD is the only form of 
animal TSE that exists in the wild and could pose serious problems of control in 
the future, especially as a potential source of infection in other animal species.

Tissues were grouped into three major infectivity categories, but the 
placement of a given tissue in one or another category may be disease-specific 
and subject to revision as new data accumulate from increasingly sensitive tests.

The Committee adopted the updated guidelines and agreed that they be 
published on the WHO web site (http://www.who.int/blood products/tse/en).
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International reference materials
Antibiotics

Amphotericin B – second International Standard
Amphotericin  B is a mixture of antifungal polyenes produced by the growth 
of certain strains of Strepomyces nodosus. It is used intravenously in humans 
to treat systemic fungal infections. The First International Standard for 
Amphotericin B was established in 1963 and assigned a potency of 940 IU/mg. 
As stocks of this material declined, the Expert Committee requested EDQM to 
undertake appropriate steps to develop a replacement international standard. 
The Committee noted a proposal (WHO/BS/07.2073) to establish a replacement 
based on a collaborative study performed by 10 different laboratories in 9 
countries. Appropriate quality control and stability studies were carried out, and 
potency was assessed by both microbiological and physicochemical assays. The 
Committee noted that the preparation had shown adequate stability when stored 
at –20 °C.

On the basis of the results obtained, the Committee established the 
preparation in vials (code ISA 29078) as the Second International Standard for 
Amphotericin B, with an assigned potency of 944 IU/mg of substance.

Nystatin – report on the third International Standard
The Committee was reminded that the Third International Standard for Nystatin 
had been proposed for establishment at its fifty-seventh meeting in 2006, with an 
assigned potency of 5710 IU/mg of substance. During discussion, the Committee 
had considered that additional degradation tests should be carried out to allow 
better assessment of the predicted stability profile of this material before its 
establishment and release, as well as the proposed continuous assessment by real-
time studies. The Committee was therefore given a stability assessment report 
(WHO/BS/07.2072), which described additional accelerated degradation studies 
carried out by EDQM. Potencies of material in stressed vials were estimated 
both by microbiological assay and by change in impurity profiles determined 
by high-pressure liquid chromatography. Results showed the stability of the 
proposed International Standard at the recommended storage temperature of 
–20 °C to be satisfactory.

The Expert Committee endorsed the report and, with this additional 
information, confirmed the establishment of the material in vials (code ISA 002) 
as the Third International Standard for Nystatin, with an assigned antimicrobial 
activity of 5710 IU/mg. However, the user will be advised to dissolve the powder 
contained in the vial to the appropriate concentration and to use the resulting 
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solution within one day. Solutions should always be made fresh and never 
stored frozen before use. EDQM will continue to monitor the impurity profile 
of the International Standard stored in the vials at –20 °C, on an annual basis, by 
means of high-pressure liquid chromatography.
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Antigens and related substances

Tetanus toxoid – second International Standard
The antigenic strength and purity of tetanus toxoid, as well as content of toxoid 
or toxin in a sample, can be expressed in flocculation units. The current WHO 
minimum recommendation for antigenic purity of tetanus toxoid for use in 
human vaccines is set at not less than 1000 Lf (limit of flocculation) units/mg 
protein nitrogen. Purified tetanus toxoid of at least 1000 Lf units/mg protein 
nitrogen is also recommended for use in the conjugation process involved in the 
production of conjugate vaccines. The flocculation test is used both as an in-
process control during production and to confirm the antigenic purity of the bulk 
toxoid before formulation and is therefore of critical and worldwide importance 
to a whole range of paediatric vaccines containing tetanus toxoid. By definition, 
1 Lf unit is the quantity of toxoid (or toxin) that flocculates in the shortest time 
with 1 Lf-eq of specific antitoxin. The Lf unit of toxoid can be defined not only 
by a relationship to the antitoxin unit but also directly, by means of a reference 
toxoid already calibrated in Lf units. The first International Reference Reagent 
for Tetanus Toxoid for Flocculation Test was established in 1988. By 2002 the 
material was almost depleted, and in 2003 the Expert Committee endorsed a 
proposal to develop a replacement material.

The potency of freeze-dried replacement material was evaluated in 
a collaborative study (WHO/BS/07.2061) organized by NIBSC, involving 17 
laboratories in 15 countries. The aims were to calibrate the new material in Lf 
units, to confirm its suitability for use in the flocculation test and to evaluate its 
stability. A further aim was to assess alternative assay methods to express tetanus 
toxoid content in Lf units. Alternative antigen detection methods have been 
developed that are also dependent on interaction between toxoid and specific 
antibodies. These are either based on immunoprecipitation or immunodetection 
on solid surfaces by direct or capture methods, or are dependent on other, 
more objective, detection of antibody–antigen complexes, such as laser light 
scattering. The WHO Working Group on DTP Vaccines was requested by the 
Expert Committee to consider these alternative methods during its revision of 
the texts of current WHO guidance on DTP vaccines.

On the basis of the collaborative study results, and because of the 
characteristics of the filled material with respect to fill precision, residual 
moisture and stability, it was proposed that this material be established as an 
International Standard, not an International Reagent. The Expert Committee 
endorsed this proposal and established samples coded 04/150 as the Second 
International Standard for Tetanus Toxoid for Flocculation Test, with an assigned 
potency of 690 Lf/ampoule. It was agreed that monitoring of the stability of the 
new standard should continue and that a review of the stability data should be 
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presented to the Expert Committee in three years’ time (unless the degradation 
rate dictates earlier attention).

Diphtheria toxoid – second International Standard
The antigenic strength and purity of a sample of diphtheria toxoid (or toxin) 
can be expressed in flocculation units (Lf units). The flocculation test is used as 
an in-process control during the production process as well as to confirm the 
antigenic purity of the bulk toxoid before formulation and is therefore of critical 
and worldwide importance to a whole range of paediatric vaccines containing 
this antigen, including conjugation products. Current WHO recommendations 
for the antigenic purity of diphtheria toxoid for human vaccine production set 
this at no less than 1500  Lf units/mg of protein nitrogen. By definition, 1  Lf 
unit is the quantity of toxoid (or toxin) that flocculates in the shortest time with 
1 Lf-eq of specific antitoxin. The Lf unit of toxoid can be defined not only by 
a relationship to the antitoxin unit but also directly, by means of a reference 
toxoid already calibrated in Lf units. The first International Reference Reagent 
for Diphtheria Toxoid for Flocculation Test was established in 1988. By 2002 the 
material was almost depleted, and in 2003 the Expert Committee endorsed a 
proposal to develop a replacement material.

The potency of a freeze-dried replacement reagent was evaluated in 
a collaborative study (WHO/BS/07.2062) organized by NIBSC, involving 17 
laboratories in 15 countries. The primary aims of the study were to calibrate 
the new material in Lf units, to confirm its suitability for use in the flocculation 
test and to evaluate its stability. The principal assay for the calibration in Lf 
units was the recommended WHO assay but the suitability of the reagent for 
use in other, more modern antigen detection assays was also evaluated. These 
other methods are either based on immunoprecipitation or  immunodetection 
detection on solid surfaces by direct or capture methods, or are dependent on 
more objective detection systems such as laser light scattering, but all depend 
on interactions between toxoid and specific antibodies. The Expert Committee 
acknowledged the long-established and traditional flocculation assay but 
recognized the need to allow more modern immunochemical methods to be 
introduced, where appropriate, into in-process control procedures for toxoid 
vaccines. The Committee asked the WHO Working Group on DTP Vaccines to 
consider this point during its revision of the texts of current WHO guidance on 
DTP vaccines.

On the basis of collaborative study results, and because of the 
characteristics of the filled material with respect to fill precision, residual 
moisture and stability, it was proposed that this material be established as an 
International Standard, not an International Reagent. The Expert Committee 
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endorsed this proposal and established samples coded 02/176 as the Second 
International Standard for Diphtheria Toxoid for use in Flocculation Test, with 
an assigned potency of 1100  Lf/ampoule. The Committee also recommended, 
however, that stability studies on this standard be monitored on an ongoing basis.

Poliovirus, Sabin, type 1 – Progress report on replacement 
International Standard for the monkey neurovirulence test
Neurovirulence testing has been an important part of the safety testing of oral 
polio vaccines (OPV) for the past 25 years. The current tests in primates or in 
transgenic mice are designed to test each monovalent bulk for neurovirulence 
against an appropriate reference preparation. Only bulks that pass this test 
are used for vaccine production. For most of the world’s OPV production, the 
references used are the WHO(SO+2) for types 1 and 2, produced in the 1970s. 
For type 3 vaccine, a new WHO(SO+2) reference was produced through a 
collaborative project and established by the Expert Committee in 2006 (WHO/
BS/06.2043).

Reasonable quantities of WHO(SO+2)/I and WHO(SO+2)/II (the 
references for Types 1 and 2 polioviruses respectively) are available in bulk 
rather than in filled vials. Some stocks of filled materials in vials do exist, 
probably sufficient for 5 years. While it is assumed that the routine use of OPV 
will continue in the short term (up to 3 years), continued testing to maintain 
emergency stocks will be needed beyond that time. It is also possible that 
polio eradication will take longer than expected so that the need for routine 
immunization with OPV will continued for many more years than currently 
envisaged. Control and release of monovalent bulks of polio virus are highly 
dependent on the availability of suitable reference materials. Stocks of Type 1 
filled reference materials may not last  beyond 3–5 years  and it was therefore 
decided that some of the existing bulk Type 1 reference material should be 
filled, and the filled material tested for suitability, before existing filled stocks 
became depleted.

A new fill of the WHO(SO+2)/I material was undertaken in January 
2005 but it was subsequently found that approximately 3% of filled vials had 
a very low level of contamination (WHO/BS/07.2057). Although this level of 
contamination in an international reference material would not normally be 
a major problem, this particular material was intended for use in vivo in the 
neurovirulence testing of polio vaccines and any contamination might pose 
a problem. Since this material is in short supply, it would be preferable not to 
discard the already filled ampoules. The Expert Committee was asked to advise 
on the best means of dealing with the situation.
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Following considerable discussion, the Committee requested NIBSC to:

 ■ undertake a thorough re-investigation of the contaminated ampoules;
 ■ carry out a risk assessment of the use of a contaminated reference 

material in the neurovirulence test;
 ■ investigate the potential source of the contamination in the filling 

process; and
 ■ report back to the Committee.

NIBSC was also asked to identify international standards that should be 
truly sterile and those, the expected majority, that would be satisfactory for their 
intended use with a very low level of bio-burden. Clear specifications should be 
developed before processing and filling.

Anti-measles serum – proposals for an ELISA 
value for the third International Standard
The Third International Standard for Anti-Measles, Plasma, was established 
by the Expert Committee in 2006. Data from the collaborative study used to 
calibrate the Third International Standard against the Second International 
Standard indicated that the third did not behave in the same way in the two 
most commonly used assays for anti-measles activity (i.e. plaque reduction 
neutralization test (PRNT) and enzyme-linked immunosorbent assay (ELISA)). 
The ELISA had not been developed when the First International Reference 
Preparation was originally characterized and established, and the very limited 
data from haemagglutination inhibition, PRNT and ELISA were used in 
calibrating the Second International Standard to the First International Reference 
Preparation. A unitage was therefore assigned to the Third International Standard 
only for virus neutralization tests (PRNT).

The discovery at NIBSC of a limited number of vials of the first 
International Reference Preparation prompted a collaborative study to examine 
the link for the ELISA between the First International Reference Preparation and 
the Second and Third International Standards, and to investigate the behaviour 
of the materials in a wider range of ELISA kits (WHO/BS/07.2076). The study 
involved six laboratories in five countries. Data for ELISA were generated in 
five laboratories using three different currently licensed kits for estimating anti-
measles activity in serum samples. In addition, three laboratories also completed 
the study using PRNT.

The study showed good comparability with the 2006 study for PRNT and 
ELISA when comparable reagents and kits were used. However, for ELISA there 
was found to be a significant difference in the way that different kits performed. 
The most commonly used kit (and the only kit used in the 2006 study) produced 
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higher estimates of the potency of the third International Standard when 
calibrated against the second International Standard (compared to PRNT and 
other ELISA kits). On the basis of these data, study participants agreed that it 
was not appropriate to change the current recommendation that a unitage for 
the third International Standard be assigned only for PRNT and not for ELISA.

The Committee agreed that it is not appropriate that a unitage for ELISA 
be assigned to the Third International Standard for Anti-Measles, Plasma, at 
this time.

Anti-human papillomavirus, type 16, serum
Vaccines against human papillomavirus (HPV), the cause of cervical cancer, 
are now licensed in some countries and other candidates are under clinical 
development. In 2006, WHO Guidelines to assure the quality, safety and 
efficacy of recombinant human papillomavirus vaccines were adopted by the 
Expert Committee (WHO Technical Report Series, No. 962). The current 
vaccines are all based on recombinant L1 virus capsid proteins, presented 
in the form of virus-like particles much like hepatitis  B vaccines. Assessing 
their immunogenicity is crucial in defining a correlate of protection and in 
monitoring their performance in different populations. The standardization 
of assays for HPV capsid antibodies is expected to contribute considerably to 
further vaccine development. There are also increasing demands to standardize 
HPV serological assays as a measure of past or present HPV infection during 
epidemiological studies.

The Expert Committee received a report of a collaborative study, 
organized by NIBSC, in which a freeze-dried serum, coded 05/134, was assessed 
for its suitability to serve as the International Standard for antibodies to HPV type 
16 in immunoassays and in neutralization assays (WHO/BS/07.2066). Eleven 
laboratories in nine countries each assayed, using different assays, the candidate 
standard and a panel of sera from HPV-uninfected and naturally-infected 
individuals and from recipients of HPV vaccines under clinical development. Five 
laboratories performed neutralization assays based on HPV 16 pseudovirions.

The candidate material was shown to contain only antibodies to HPV 
16. Neutralization titres of all samples other than sera from vaccinees were 
low and potencies relative to the candidate standard were not calculated. The 
immunoassays performed were based on virus-like particles derived from 
baculovirus, yeast or Escherichia coli. Potencies of each sample were calculated 
and were found to be in general agreement. Participants considered the 
candidate material 05/134 to be suitable for use as a reference in immunoassays 
and in neutralization tests of adequate sensitivity; work is under way to increase 
the analytical sensitivity of the neutralization assay. Since the candidate has a 
relatively low titre compared with sera from vaccinees, it may not be suitable 
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for use in assays in which a starting dilution of 1:50 is used to avoid nonspecific 
reactivity. Data showed that the filled candidate material had a somewhat high 
level of residual oxygen (15–18%) and a higher and more variable residual 
moisture level than is generally observed in plasma fills. The potential impact 
of these characteristics on long-term stability is unknown, but use of the 
preparation as an International Standard, which normally needs to have a very 
long shelf-life, may be compromised.

On the basis of the collaborative study results, and in view of concerns 
about long-term stability of the candidate material (while still recognizing 
the value of standardizing HPV 16 serological assays), the Expert Committee 
established the candidate material coded 05/134 as a WHO Reference Reagent, 
with an assigned potency of 5 units/ampoule or 10 units/ml when reconstituted  
as directed in 0.5  ml water. The Committee requested that NIBSC undertake 
additional stability studies and report back to the Expert Committee for further 
consideration of this material as an International Standard.
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Blood products and related substances

Protein C, concentrate
The Committee had considered a proposal to establish the First International 
Standard for Protein  C, Concentrate, Human (04/252) at its meeting in 2006. 
A collaborative study had been undertaken to evaluate the suitability of the 
proposed reference material and to assign a value to the material by calibration 
against the First International Standard for Protein C, Plasma, Human (86/622). 
All study participants and the ISTH/SSC (International Society on Thrombosis 
and Haemostasis/Scientific and Standardization Subcommittee) approved a 
proposed antigenic value against the First International Standard for Protein C, 
Plasma, Human. On the basis of in-house experience, however, one participant 
did not agree with assigning an overall functional potency (i.e. combining the 
values obtained for chromogenic and clotting assays) to the candidate. Since 
this had implications for the comparability of the proposed candidate with 
clinical products, further consideration and study were required for clarification. 
In 2006 the Committee therefore deferred a decision on the proposed standard 
until there had been more discussion and/or more data were available.

The WHO Collaborating Centre at NIBSC, and the participant who 
raised this concern have since carried out a joint study involving assays of 
a number of commercial production batches by chromogenic and clotting 
methods; results have shown a distinct discrepancy between the potencies 
obtained by chromogenic and clotting assays (WHO/BS/07.2067). Further 
discussion, and the consensus opinion of the participants and experts from 
ISTH/SSC, led to a new proposal that no protein C functional activity by 
clotting assay be assigned and to the recommendation that the candidate 
concentrate standard, 04/252, be assigned potencies relative to the Second 
International Standard for Protein C, Plasma, Human (02/342) with labelled 
values of 14.5  IU/ampoule for antigen and 15.0  IU/ampoule for functional 
chromogenic activity only.

The Committee endorsed this proposal and also recommended that 
further work be undertaken on the relationship between chromogenic and 
clotting assays measuring protein C function in concentrates.

Heparin, low molecular weight (calibrant for molecular 
weight distribution) – second International Standard
Low molecular weight (LMW) heparin, a partially depolymerized derivative 
of unfractionated heparin, is widely used to prevent and treat thrombosis. 
The anticoagulant activities of LMW heparin depend critically on molecular 
weight, and the molecular weight distribution is a defining characteristic 
of each LMW heparin product. All the currently practicable methods of 
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assessing the molecular weight distribution of LMW heparin are based on size 
exclusion chromatography (SEC) (sometimes referred to as gel permeation 
chromatography). The SEC system must be calibrated to generate a relationship 
between retention time and molecular weight, and the calibrant for any 
particular type of macromolecule should be as close as possible in structure to 
the samples to be characterized. Although heparin is a linear polysaccharide 
based on a simple disaccharide repeating unit, it is heterogeneous in sequence 
(because of variations in substitution) and polydisperse in size; it has become 
conventional to define the molecular weight of a disaccharide repeat unit of 
heparin as 300 g/mole.

Heparin molecular weight calibrants have been in use for more than 12 
years, since the establishment of the First International Reference Reagent Low 
Molecular Weight Heparin for Molecular Weight Calibration and the European 
Pharmacopoeia calibrant, the First Chemical Reference Standard Low Molecular 
Mass Heparin for Calibration. In 2004, it was recognized by EDQM and NIBSC 
that stocks of both calibrants were low, and a decision was taken to replace the 
calibrants in a joint NIBSC/EDQM project.

An international collaborative study, involving 14 laboratories, to 
evaluate a candidate replacement material (WHO/BS/07.2071) was reported 
to the Committee. Using a broad standard table derived from results provided 
by the participants, molecular weight parameters were determined for seven 
different LMW heparins using both the current International Reference Reagent 
(90/686) and the candidate replacement calibrant (05/112). For both 90/686 and 
05/112, inter-laboratory coefficients of variation were within the range 1.0–6.6% 
for mean molecular weights and 0.3–1.0% for proportion of the sample below 
a molecular weight of 8000. Most mean molecular weights calculated using 
05/112 were less than 1% lower than those calculated using 90/686, with a few 
measurements being 1–2% lower. Proportions of the samples below 8000  g/
mole are almost identical using either 90/686 or 05/112 as calibrant.

On the basis of this study, the Committee endorsed the establishment 
of 05/112 as the Second International Standard for Low Molecular Weight 
Heparin for Molecular Weight Calibration. The Committee also noted that 
the replacement European Pharmacopoeia calibrants (Chemical Reference 
Substance batches 2 and 3 for Heparin Low-Molecular-Mass Calibration) were 
prepared from the same bulk material and characterized in the same study as 
the WHO reference material.

Anti-thrombin, concentrate, human – third International Standard
Antithrombin is the most important endogenous inhibitor of activated 
coagulation factors. Antithrombin deficiency, whether congenital or acquired, 
results in an increased risk of venous thromboembolism. Replacement therapy 
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using clinical antithrombin concentrates is available, and a reliable potency 
standard is essential for accurate value assignment of these clinical products. The 
Second International Standard for Antithrombin, Concentrate, Human (96/520) 
was established in 1997 and it was value assigned against the First International 
Standard for Antithrombin, Concentrate (88/548). Due to depletion of the stock 
of 96/520, a replacement was required.

Twenty-one laboratories, including nine producers of antithrombin 
concentrate, eight regulatory control laboratories, three diagnostic 
manufacturers and one clinical laboratory. participated in a collaborative 
study to establish a replacement material (WHO/BS/07.2069). There was 
excellent agreement between laboratories, as indicated by low inter-laboratory 
geometric coefficient of variation (GCV, %) for the three candidate materials 
(one recombinant and two plasma-derived clinical concentrates). In terms of 
performance, stability profiles and physical characteristics, all three candidate 
materials were very similar. However, a larger number of ampoules of one 
candidate, 06/166, a purified plasma-derived human antithrombin concentrate, 
were available. It was therefore proposed that 06/166 be established as the Third 
International Standard for Antithrombin, Concentrate, Human, with labelled 
potencies for both functional activity (4.4  IU/ampoule) and antigenic value 
(4.5  IU/ampoule). All participants and experts from ISTH/SSC agreed with 
this proposal.

The Committee endorsed the proposal.

Anti-human platelet antigen-1a – first International Standard
To date, a total of 24 platelet-specific alloantigens have been defined serologically, 
of which 12 are grouped in 6 bi-allelic systems (HPA-1, -2, -3, -4, -5, -15). 
The molecular basis of 22 of the 24 antigens has been resolved, and in all but 
one the difference between self and non-self is defined by a single nucleotide 
polymorphism (SNP) in the gene encoding the relevant membrane glycoprotein.

Alloantibodies against human platelet antigens (HPA) are involved in 
neonatal alloimmune thrombocytopenia (NAIT), platelet refractoriness (PR) 
and post-transfusion purpura (PTP). Anti-HPA-1a is the most common antibody 
involved in NAIT cases and accounts for approximately 85% of cases. Anti-
HPA-1a is also the most common antibody found in PTP but is rarely involved 
in PR. Detection of the relevant HPA antibody is essential to diagnosis and 
treatment of the patient, and HPA antibody detection has become commonplace 
in blood transfusion centres and larger hospitals. A number of techniques are 
in use to detect HPA antibodies and there is considerable variation between 
laboratories in proficiency of antibody detection.

Because of the variation in detection sensitivity there is a clear need for 
standards in HPA antibody detection tests. So far, three International Reference 
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Reagents (anti-HPA-1a, NIBSC code 93/710; anti-HPA-5b, code 99/666; and 
anti-HPA-3a, code 03/190) have been established by WHO. All are minimum-
potency reagents containing low-titre antibodies and are used to determine 
the sensitivity of tests for the respective antibodies. Stocks of the current anti-
HPA-1a minimum potency Reference Reagent (93/710) had fallen below 100 
ampoules and a new preparation was required. A freeze-dried preparation of 
pooled human plasma, coded 05/106, containing IgG antibodies against HPA-1a, 
was prepared and evaluated as a replacement minimum-potency reagent for the 
detection of anti-HPA-1a.

A total of 50 laboratories in 23 countries participated in international 
collaborative studies to evaluate the candidate replacement (WHO/BS/07.2079). 
One study showed that the candidate material did not contain any other HPA or 
human leukocyte antigen (HLA) antibodies that might interfere with detection 
of the anti-HPA-1a. Two other studies showed that the material in ampoules 
coded 05/106 was suitable for use as an International Standard (minimum 
potency) for the detection of human antibody against HPA-1a and that it could 
replace the existing International Reference Reagent 93/710. Participants agreed 
that it should be used as a minimum-potency reagent at a dilution of 1:2: this 
is the minimum dilution at which the test should be positive, and laboratories 
should use the material to validate their assays or to calibrate  the “in-house” 
controls that should be included in every batch of tests. 

The Committee endorsed this proposal.

Tissue plasminogen activator antigen in 
plasma – first International Standard
Raised plasma tissue plasminogen activator (tPA) levels are found in thrombotic 
disorders and are an indication of endothelial dysfunction. Many ELISA-based 
methods, both commercial kits and in-house assays,  are used to determine tPA 
antigen levels in plasma. As generally observed, ELISA methods with different 
antibodies tend to give variable results with different samples and are difficult to 
standardize. There is currently no official reference preparation for tPA antigen 
in plasma, although the Second International Standard for Tissue Plasminogen 
Activator (86/670, purified melanoma cell tPA) has been used unofficially.

A study was organized to determine: (1) whether standardization of tPA 
antigen measurements would be improved by use of a common standard (94/730, 
purified, recombinant, CHO cell-derived tPA spiked in plasma), and (2) whether 
a value for tPA antigen in the SSC/ISTH Secondary Coagulation Standard Lot 
#3 could be agreed and this preparation could be used to help harmonize results 
from different methods and improve the distribution of results for low tPA 
antigen values.
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The Committee was given the results of a collaborative study 
(WHO/BS/07.2068) to measure tPA antigen in four samples: (1) candidate 
international standard NIBSC preparation, 94/730; (2) SSC/ISTH Secondary 
Coagulation Standard Lot  #2; (3) SSC/ISTH Secondary Coagulation Standard 
Lot  #3; (4) the Second International Standard for tPA activity, 86/670. 
Participants were asked to measure tPA antigen in each sample using their 
own methods, performing at least three independent assays. In total, 14 sets of 
results representing 48 independent assays were analysed using eight different 
methods (six commercial kits and two in-house methods). The overall mean 
antigen value for 94/730 was close to 25 ng/ml, the expected value based on the 
formulation of this preparation and on past studies. Results for the two SSC/
ISTH plasma samples were similar and within the expected normal range at 
2.9 and 3.0 ng/ml for Lot #2 and Lot #3, respectively. The mean antigen in 86/670 
was close to 1.5 µg/ml, which was also the expected value.

The Committee agreed that preparation 94/730 (recombinant tPA 
in plasma) would make a satisfactory reference preparation for tPA antigen 
determinations in plasma with a consensus value of 25 ng/ml. The Committee 
therefore established 94/730 as the First International Standard for Tissue 
Plasminogen Activator Antigen in Plasma.
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Cytokines, growth factors and 
endocrinological substances

Parathyroid hormone 1–34, recombinant, human
Recombinant human parathyroid hormone 1–34 (rhPTH 1–34) has been widely 
approved as a treatment for osteoporosis; unlike other osteoporosis treatments, 
which have an antiresorptive mode of action, rhPTH 1–34 actually promotes an 
increase in bone formation that results in increased bone mineral density and 
a reduction in fracture incidence. Although NIBSC reference preparations of 
rhPTH 1–34 have been available for distribution to researchers for more than 
25 years, there is currently no WHO International Standard. The development of 
a new standard, calibrated in mass units, was endorsed by the Expert Committee 
in 2004.

The Committee received the report (WHO/BS/07.2063) of an 
international collaborative study, carried out by 16 laboratories in 10 countries, 
of a candidate reference material, filled in ampoules and coded NIBSC 04/200. 
The candidate material was compared with a primary calibrant, characterized 
using  amino acid analysis and ultraviolet-spectroscopy, and with the existing 
NIBSC Research Reagent of PTH 1–34, coded 82/508, using high-performance 
liquid chromatography (HPLC), bioassay and immunoassay. Estimates from the 
HPLC assay method showed low variability and indicated that the candidate 
material 04/200, with an assigned content of 0.89  mg/ampoule, would be 
suitable for use as a reference preparation for the expression of mass content of 
therapeutic products.

The Expert Committee accepted the report and established preparation 
04/200 as the First International Standard for Parathyroid Hormone 1–34, 
Human, Recombinant, with an assigned content of 0.89  mg/ampoule (95% 
limits, 0.875–0.915). In order to maintain broad continuity with  the currently 
quoted units for some therapeutic uses, which may originally have been based 
on the NIBSC Reference Reagent, the Committee agreed  that the material be 
also assigned an ampoule content of 8900 units (1 unit being approximately 
equivalent to 10 ng).

Tumour necrosis factor-related apoptosis-inducing ligand
Tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) is a cell 
membrane protein of the tumour necrosis factor superfamily of ligands, which 
are mediators of inflammation and immunoregulation. TRAIL is alternatively 
named TNF SF10. It occurs naturally as a membrane-bound ligand, but 
extracellular domains may be cleaved to form a soluble TRAIL molecule 
consisting of three non-covalently bound ectodomains. The ability of TRAIL to 
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induce apoptosis in transformed cells is well established but its role in normal 
mammalian physiology is not understood. Recombinant TRAIL is currently 
under development as a biotherapeutic agent for the treatment of cancer. In 
2004, the Expert Committee agreed that a reference standard for TRAIL would 
facilitate measurement of the potency and stability of therapeutic preparations 
of TRAIL and its antagonists, as well as measurement of TRAIL levels for 
diagnostic and research purposes. It would also serve as a useful calibrant for 
bioassays designed to measure the activity of agonistic monoclonal antibodies 
to TRAIL.

The Committee received a report (WHO/BS/07.2058) of a small 
collaborative study undertaken by three laboratories using in vitro bioassays to 
evaluate the suitability of recombinant TRAIL, synthesized in Escherichia coli, to 
serve as a reference standard. Data showed the material to be sufficiently active 
and stable and, on the basis of the results presented, the Committee established 
the material coded 04/166 as a WHO Reference Reagent with an assigned 
unitage of 10  000 units/ampoule. The Expert Committee recommended that 
primary use of the Reference Reagent should be in the calibration of cytotoxic 
assays and in the establishment of secondary working standards of TRAIL. Its 
suitability for the calibration of other types of bioassay or immunoassays has not 
been established.

Availability of standards for stem cell preparations
The Expert Committee received a report (WHO/BS/07.2060) advocating 
the establishment of reference materials for certain supplements used in the 
preparation of stem cells, for which no standards currently exist. Stem cells are 
cells that maintain self-renewal activity and can also differentiate into multiple 
cell types through appropriate stimuli in cell culture. A critical determinant 
for consistency of the stem cell product is the cocktail of supplements used 
for expansion as well as mobilization. While the specific characteristics of the 
supplements vary, the biologically active additives, such as cytokines and growth 
factors, must be of appropriate potency. Potency standards can thus be valuable 
and can also be used in measuring the biological activity of residual cytokine/
growth factor present in the resulting cell culture. A large number of cytokines 
and growth factors used for ex vivo expansion of stem cells are already covered 
by currently available WHO International Standards or Reference Reagents. 
There are notable exceptions, however, such as thrombopoietin, fibroblast 
growth factor-1 and angiopoietin-like proteins, and future needs for reference 
materials will need to be considered on an ongoing basis, taking account of 
developments in the field.

The Committee endorsed the concept presented in the report but 
considered that further discussion was needed. It recommended that a more 
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detailed report, with an addendum explaining current developments, be 
submitted to the Committee at its next meeting. It also recommended that the 
title of the present report (WHO/BS/07.2060) be amended to indicate precisely 
the scope of its contents – that is, the availability of standards for supplements 
used in the preparation of stem cells.
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Diagnostic reagents

Anti-syphilitic plasma IgG (human) – first International Standard
Syphilis is a sexually transmitted disease caused by spirochetes of the species 
Treponema pallidum subsp. pallidum. Recent reports show that the incidence of 
syphilis has risen in both developed and developing countries. In Europe and 
USA, the rise in syphilis has largely been attributed to an increase in unsafe 
sexual behaviour among men who have sex with men, while in Africa and Russia, 
the disease is usually heterosexually transmitted, often associated with HIV 
infection and enhances its transmission; untreated congenital syphilis remains a 
major cause of perinatal morbidity and mortality. Worldwide, therefore, syphilis 
remains a significant public health problem, with – like bloodborne viruses – 
additional implications for the safety of blood products and organ donations.

Rapid and accurate diagnosis remains an essential element in the 
prevention and treatment of syphilis. A number of serological tests are available 
to confirm a clinical diagnosis or screen for asymptomatic infection. These tests 
can be divided into those that measure Treponema-specific antibodies (such 
as the T. pallidum passive particle agglutination assay (TPPA), the fluorescent 
Treponema antibody (FTA) assay, and enzyme immunoassays (EIAs) based on 
native or recombinant antigens) and assays that measure nonspecific antibodies 
(the Venereal Disease Research Laboratory test (VDRL) and the rapid plasma 
reagin test (RPR)). The non-treponemal tests, which are relatively inexpensive, 
have historically been used as screening tests and can be used to monitor the 
efficacy of treatment. The treponemal tests are more expensive but significantly 
more specific than the non-treponemal tests. Historically, they were used only 
as confirmatory assays; however, with the advent of automation, some tests 
(primarily EIAs) have been used as screening assays, but this practice should be 
adopted only in low-prevalence settings since samples remain positive even after 
successful therapy.

Reference laboratories, diagnostic laboratories and test manufacturers 
need international standards to calibrate immunoassays. The First International 
Standard for Syphilitic Serum Antibodies, HS, was established under the auspices 
of WHO in 1957 with a unitage of 49  IU/ampoule. The unitage was assigned 
on the basis of reactivity in the cardiolipin and Kahn assays, which were used 
routinely at that time and preceded the current RPR/VDRL assays. Stocks of HS 
are now exhausted and a new preparation is needed.

Two human plasma pools (05/122 and 05/132) were selected as candidates 
to replace HS. A collaborative study to assess the suitability of the materials, 
and assign a unitage, was reported to the Committee (WHO/BS/07.2059). 
Preliminary analysis revealed that 05/122 contains specific immunoglobulin G 
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(IgG) but not IgM and is not reactive in the cardiolipin-based tests; 05/132 
contains specific IgG and IgM and is strongly reactive in the RPR test. Thus 
05/122 and 05/132 can be taken to represent the antibody responses of patients 
with previously treated early syphilis and active syphilis, respectively. Eight 
laboratories from eight countries participated in the collaborative study and 
were asked to analyse the presence of syphilitic antibodies in 05/122 and 05/132 
by TPPA and VDRL or RPR. In addition, they were encouraged to use additional 
assays that are part of their diagnostic routine.

Results of the collaborative study revealed that candidate standard 05/132 
contained T. pallidum-specific IgG and IgM and was reactive in VDRL or RPR 
assays. Candidate standard 05/122 contained T. pallidum-specific IgG but was 
not reactive in either VDRL or RPR tests. The participants agreed that 05/132 
be designated the First International Standard for Human Syphilitic Plasma IgG 
and IgM and assigned a unitage of 3 IU/ampoule relative to HS. The participants 
also agreed that a unitage be assigned to 05/122 relative to 05/132 and designate 
05/122 the first International Standard for human syphilitic plasma IgG with a 
unitage of 300 mIU per ampoule.

The Committee agreed with these proposals.

Hepatitis A virus RNA for nucleic acid 
amplification technology-based assays
The First International Standard for Hepatitis A Virus RNA for nucleic acid 
amplification technology (NAT)-based assays (NIBSC code 00/560) was 
established by the Expert Committee in 2003. It has since been used for assay 
validation and in the development of secondary standards and working reagents 
for hepatitis A RNA, for use in the fields of blood screening and viral diagnostics. 
It was noted at the Expert Committee meeting in 2003, that a second batch of 
vials (coded BB in the collaborative study; NIBSC code 00/562), prepared from 
the same bulk as the First International Standard but freeze-dried in a separate 
lyophilization run, may be a suitable candidate replacement when stocks of the 
First International Standard are exhausted. The Committee were presented with 
the results of a study (WHO/BS/07.2056) that examined the ongoing stability of 
00/560 and 00/562.

Stability of the First International Standard at the recommended storage 
temperature (–20  °C) has continued to be satisfactory. Accelerated thermal 
degradation studies were analysed for both the First International Standard 
(00/560) and the candidate replacement (00/562). Analysis of 00/560 stored at 
+4 °C for 5 years 10.5 months, showed that the drop in titre for this preparation 
was less than 0.1 log10, indicating that it is stable and suitable for long-term use. 
In the case of 00/562, the loss was greater at around 1.0 log10 for samples stored 
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at +4  °C for 5 years 10.5 months, suggesting that this may not be a suitable 
replacement for the current International Standard.

The Committee concurred that the First International Standard for 
Hepatitis A Virus RNA (00/560) was suitable for continued long-term use, and 
recommended that further real-time stability studies be carried out on 00/562.

Hepatitis C virus RNA for nucleic acid amplification 
technology-based assays – third International Standard
The First and Second International Standards for Hepatitis  C Virus RNA for 
NAT assays (coded 96/790 and 96/798, respectively) have been used extensively 
to calibrate secondary standards and working reagents and in assay validation. 
The First International Standard was established by the Expert Committee in 
1997 and the Second International Standard in 2003. The two preparations 
were lyophilized from the same bulk material in consecutive freeze-drying 
runs. These standards have been pivotal in the implementation of hepatitis  C 
virus (HCV) RNA NAT screening of plasma used in fractionation for the 
manufacture of plasma-derived products. The availability of the standards has 
enabled laboratories to ensure that assays are of adequate sensitivity and comply 
with regulatory requirements for limits of detection of HCV RNA. Their use has 
extended to clinical laboratories and kit manufacturers, when HCV RNA loads 
are expressed in IU/ml and form a basis for monitoring antiviral therapy in 
patients infected with HCV. Thus it is critical to ensure the continuity of the IU 
for HCV RNA. As stocks of the Second International Standard for Hepatitis C 
Virus RNA for NAT-based assays (code 96/798) were limited, potential 
replacement preparations were evaluated in a collaborative study.

The Committee was given the results of a study (WHO/BS/07.2055) 
designed to evaluate three candidate replacement preparations against the 
Second International Standard (96/798). In May 2005, the formulation of the 
replacement HCV RNA standard was discussed at the eighteenth meeting 
of SoGAT (International Working Group on Standardization of Genomic 
Application Techniques) held in Bethesda, MD, USA. It was proposed that HCV 
genotype 1a would be used, which should be anti-HCV negative (a “window 
period”). The HCV RNA-positive plasma donation(s) would be diluted in pooled 
human plasma that was negative for HCV RNA and for anti-HCV antibodies. 
The First and Second International Standards were prepared from genotype 1a 
HCV RNA-positive, anti-HCV-positive plasma diluted in cryosupernatant.

In total, 33 laboratories from 14 countries participated in the study. A 
wide range of commercial and in-house quantitative and qualitative assays were 
used. Twenty-five data sets were returned for quantitative assays and 15 data 
sets were returned for qualitative assays. There was good agreement between 
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laboratories and assay methods. On the basis of the study results, Sample 2 
(NIBSC code 06/100) was proposed by the study participants as the Third 
International Standard for HCV RNA, with an assigned  unitage of 5.19  log10 
IU/ml. As each vial contains the equivalent of 0.5 ml of material, the content of 
each vial would be 4.89 log10 IU of HCV RNA. Predictions of stability indicate 
that 06/100 is stable and suitable for long-term use.

The Committee agreed with these proposals.

International reference preparations for the 
control of Chagas diagnostic tests
The public health problem of Chagas disease, the diagnostic tests available and 
the potential for improving the standardization of such tests with a proposed 
WHO Reference Preparation were reviewed by the Expert Committee. Chagas 
disease is caused by a protozoan parasite, Trypanosoma cruzi. The disease is 
currently most prevalent in the countries of Latin America, but increasing 
international mobility is contributing to spread of the disease worldwide. To 
manage the risk to the blood supply, several countries outside Latin America 
have recently introduced screening for T. cruzi. Laboratory testing for T. cruzi 
is complicated by the existence of two forms of infection – acute and chronic 
– which currently require different assays. Serological diagnosis of T. cruzi is 
further complicated by the possibility of antigenic variation in the parasite.

A proposal to develop a serological reference panel for the control of 
Chagas disease diagnostic tests was presented to the Expert Committee. It 
included the composition of the panel, including the desired antibody titre range 
for the preparations, and the suitability of potential candidate preparations. The 
Committee agreed that this was an important project and recommended that 
a working group be formed for further discussion of the composition of the 
reference panel, and requested further feedback at a subsequent meeting.
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Proposed new reference preparation projects
The timely development of new reference materials is a critically important 
aspect of facilitating the transfer of laboratory science into worldwide clinical 
practice and of the development of safe and effective biologicals. At the same 
time, active management of the existing stocks of standards and reference 
materials requires a carefully planned programme to replace standards before 
stocks are exhausted. Principles for assigning priorities to the development 
of new or replacement WHO International Standards or Reference Reagents 
have been published (WHO Technical Report Series, No. 932, 2005, Annex 2, 
Appendix  1). These guiding principles are used by the WHO Secretariat and 
WHO Collaborating Centres in setting priorities. Several new proposals were 
presented to the Expert Committee for its consideration (WHO/BS/07.2075).

Proposed development of replacement WHO 
International Standards for antibiotics
The Committee was informed by EDQM that there was an urgent need 
to replace the current standards for four antibiotics: dihydrostreptomycin 
sulfate, gramicidin, teicoplanin and vancomycin. Candidate materials had 
been identified and classical collaborative studies proposed in order to 
calibrate dihydrostreptomycin sulfate, gramicidin and teicoplanin using the 
relevant current International Standards. However, the Expert Committee was 
informed that stocks of the current International Standard for Vancomycin 
had been completely depleted and no classical collaborative study to calibrate a 
replacement standard against the current standard was possible. The Committee 
was also informed that the current European Pharmacopoeia Reference 
Standard originated from the same batch as the International Standard, had 
been established with the same unitage and had been regularly monitored. 
This reference material could thus be considered equivalent to the former 
International Standard. The Committee agreed with this proposal.

Proposed development of new or replacement WHO International 
Standards or Reference Reagents for antigens and related substances
Meningococcal group  C conjugate vaccines are controlled by physicochemical 
methods to ensure consistency of new batches with clinical trial batches. A 
group  C polysaccharide reference material (NIBSC code 98/730) is currently 
used as a reagent in the serological evaluation of the efficacy of meningococcal 
group conjugate vaccines. Stocks of this material will be exhausted within 
about 2 years. In addition, a standard is needed for the quantification of the 
meningococcal group  C polysaccharide in conjugate vaccines. There is no 
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potency bioassay for these vaccines and potency is therefore assumed on 
the basis of meningococcal  C polysaccharide content. The Committee heard 
that an appropriate candidate material had already been obtained from one 
manufacturer and that plans were in place to evaluate its suitability as a 
replacement for 98/730. A collaborative study was also planned to quantify the 
contents of filled ampoules in IU. The proposed development of this replacement 
material as an International Standard was endorsed by the Committee.

International Standard for acellular pertussis vaccine
Acellular pertussis vaccines have been introduced against the background of a 
variety of formulations, with no globally agreed standard. A modified Kendrick 
assay is widely used in Asian countries as the potency test for lot release. 
However, individual countries use their own whole-cell reference preparations 
as the standard in this assay. The Committee heard that there is a need for 
clarification of the appropriate International Standard to be used in this assay. It 
was expected that this would improve inter-country agreement on estimates 
and help in the development of new products. The use of an acellular pertussis 
vaccine standard was considered to be more appropriate in the control of 
acellular vaccines than the use of a whole-cell vaccine standard. Preparation 
JNIH-3, of which there are 1800 ampoules at NIBSC, is a potential candidate 
which has continuity with the early clinical trials. It has been included in 
previous collaborative studies for both the modified Kendrick assay and in 
respiratory challenge models and can thus provide some continuity. The 
Committee endorsed a proposal to study the feasibility of using JNIH-3 as an 
International Standard in the modified Kendrick test, with the recommendation 
that the quality of the fill be examined to ensure that it meets current WHO 
recommendations.

International Standard for Japanese encephalitis vaccine, inactivated
The Expert Committee heard that no International Standard is currently available 
for standardizing the potency of Japanese encephalitis vaccines. Historically, 
Japanese national reference materials have been used as calibrators and working 
standards in defining potency for lot release. A preparation of inactivated 
Beijing-1 strain vaccines was available for evaluation as an International Standard 
for potency assay. The Committee endorsed plans by the WHO South-East Asia 
Region National Control Laboratory Network to develop this material into an 
International Standard with the following remarks:

 ■ Filling of ampoules should be carried out at NIBSC and samples sent 
to the WHO Regional Office for South-East Asia (SEARO) where 
the collaborative study will be carried out.
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 ■ There is no need for recalibration of the regional reference after 
establishment of the International Standard since it is planned to 
include it in the collaborative study.

 ■ The Japanese national standard should be recalibrated against the 
established International Standard every time it is replaced with a 
new batch.

 ■ Consideration should be given to possible strain differences when 
estimating potency. Ideally, a collaborative study using all strains 
would be appropriate.

Proposed development of new or replacement 
WHO International Standards or Reference Reagents 
for blood products and related substances
The Committee considered a proposal to develop a blood group genotype 
panel. The intention was development of a Caucasian and African DNA panel 
containing alleles of Kell, Kidd, Duffy, RhD. Completion of the project was 
expected to take up to 5 years. The project would eventually be extended to 
include relevant alleles from other populations, e.g. Asia. The Committee 
endorsed this proposal.

A proposal to establish a genetic reference material for fetal DNA in 
maternal circulation was also endorsed.

Proposals for a number of other genetic reference materials were also 
presented. The Committee did not feel it had the expertise to prioritize the 
particular reference material proposals compared with other genetic diagnostics, 
and therefore deferred a decision, asking the Secretariat to develop procedures 
for consultation with users, particularly through professional societies, to 
facilitate a future decision.

The Committee also considered proposals for new or replacement 
reference materials for Blood Coagulation Factor VIII/von Willebrand Factor, 
Plasma, Human; Blood Coagulation Factor XIII, Concentrate; C1 Inhibitor 
(Plasma, Concentrate, Recombinant); and Streptodornase. All were endorsed.

Proposed development of new or replacement WHO International 
Standards or Reference Reagents for diagnostic reagents
Projects to evaluate replacement of the First International Standard for Anti-
Hepatitis B Surface Antigen Immunoglobulin (W1042), the First International 
Standard for Anti-Varicella zoster Immunoglobulin (W1044), and the First 
International Standard for Parvovirus B19 DNA (99/800) were endorsed by the 
Committee.
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Discontinuation of WHO International 
Standards or Reference Reagents
The Committee agreed to discontinue the following preparations:

Anti-A Blood Typing, Serum, Human 
Anti-B Blood Typing, Serum, Human
Anti-D Incomplete Blood Typing Sera 
Human Serum Proteins for Immunoassay
Anti-Double Stranded DNA Serum
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Recommendations published by WHO are intended to be 
scientific and advisory in nature. The parts of each section 
printed in type of normal size have been written in such a form 
that, should a national regulatory authority desire, they may 
be adopted as they stand as definitive national requirements 
or used as the basis of such requirements. Those parts of each 
section printed in small type are comments and additional 
guidance. It is recommended that modifications be made only 
on condition that the modifications ensure that the vaccine is 
at least as safe and efficacious as that prepared in accordance 
with the recommendations set out below. To facilitate the 
international distribution of vaccine made in accordance with 
these recommendations, a summary protocol for the recording 
of results of the tests is given in Appendix 1.
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Introduction
These Recommendations are intended to provide national regulatory authorities 
and vaccine manufacturers with background and guidance on the production, 
quality control and evaluation of the safety and efficacy of inactivated Japanese 
encephalitis (JE) vaccines to facilitate their international licensure and use.

Since the adoption of the World Health Organization (WHO) 
Requirements (now termed Recommendations) for inactivated JE vaccines 
for human use in 1987 (1) by the WHO Expert Committee on Biological 
Standardization, alternative modes of production have been introduced that 
use continuous cell lines as a substrate for production instead of mouse brain.

The Committee, at its fifty-sixth meeting in 2005, recommended 
that the guidance on inactivated JE vaccines be revised and that sections on 
nonclinical and clinical evaluation should be added. To facilitate this process, 
WHO convened two meetings (in Geneva, 1–2 June 2006 (2) and in Bangkok, 
7–9 February 2007) at which scientific experts, regulatory professionals and 
other stakeholders met to develop revised recommendations on inactivated JE 
vaccines for human use.

The scope of the present Recommendations encompasses inactivated JE 
vaccines produced in mouse brain and in cell substrates (e.g. primary hamster 
kidney cells and a continuous Vero cell line).

This document sets out the recommendations for manufacture and 
quality assessment in Part A. Guidance specific to the nonclinical and clinical 
evaluation of inactivated JE vaccines is provided in Parts B and C, respectively. 
Part  D provides recommendations for national regulatory agencies. This 
document should be read in conjunction with all relevant WHO guidelines 
including those on nonclinical (3) and clinical evaluation (4) of vaccines.

These Recommendations are based on experience gained from the 
inactivated JE vaccines that have been developed so far, as described below, and 
may need to be updated to reflect important future developments.

General considerations
JE virus belongs to the family Flaviviridae and is included in the genus 
Flavivirus. The flaviviruses are enveloped RNA viruses and include yellow fever 
and dengue viruses, among others, which are serologically related to JE virus. 
JE viruses are grouped into five genotypes, based on the nucleotide sequence of 
the envelope (E) gene, but there is only one known serotype.

The principal vectors of JE virus are mosquitoes of the genus Culex. In 
Asia transmission is mainly via the bites of Culex tritaeniorhynchus. In endemic 
regions, JE virus is maintained in nature between vector mosquitoes and 
vertebrate animals, especially pigs. Pigs are also considered to act as an amplifier 
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for JE virus. Infected humans do not transmit virus to biting mosquitoes (i.e. 
humans are considered as dead-end hosts) because viraemia is transient with low 
virus concentrations.

Based on serological studies in endemic areas and on medical 
histories, JE virus infection may be asymptomatic in humans. It has been 
estimated that between 1 and 3 per 1000 infected humans may have a clinically 
manifest illness that includes evidence of virus-induced inflammation in the 
cerebrum, cerebellum and spinal cord. The incubation period for JE is 5–15 
days and the illness usually starts with fever and headache, with or without 
vomiting, diarrhoea and myalgia. If meningeal irritation occurs it becomes 
apparent on the second day, after which other cerebral symptoms may develop 
rapidly, including altered consciousness, apathy or coma. The case fatality rate 
ranges from 5–30% but approximately 30–50% of the surviving patients have 
permanent neuropsychiatric sequelae and complete recovery occurs in only one 
third of patients.

In public health terms, JE is the most important viral encephalitis 
encountered in the South-East Asian and the Western Pacific countries where 
it is endemic or occurs in epidemics (5). During the past 25 years, incidence 
of JE has increased in certain countries. The disease has also extended its 
geographical borders to previously unaffected areas of Asia and to northern 
Australia, where cases were reported in the Torres Strait in 1995 and in the 
York peninsula of the subcontinent in 1998. There is year-round transmission 
in tropical countries but the transmission pattern in temperate and subtropical 
zones is seasonally defined.

Nearly 3 billion people are believed to be at risk of JE and approximately 
20 000 clinical cases resulting in 6000 deaths are reported annually (5). However, 
implementation of a surveillance system specifically for JE is incomplete as the 
etiology of encephalitis is not differentiated in many Asian countries. In the 
countries where JE virus is hyper-endemic, those most affected are children 
under 4 years of age and almost all are less than 10 years of age. However, in 
some countries where routine childhood immunization has been implemented 
for many years, JE now occurs mainly in adults and especially in the elderly.

Vaccination of humans is the most effective means of preventing JE. 
There are three types of inactivated vaccines currently used in the world:

 ■ mouse brain-derived, purified vaccine, which is based on either the 
Nakayama-NIH or Beijing-1 [P-1] strains; 

 ■ primary hamster kidney cell-derived, purified vaccine, based on the 
Beijing-3 [P-3] strain; and

 ■ Vero-cell-derived purified vaccine based on the Beijing-3 [P-3] 
strain.
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Newer Vero-cell-derived inactivated JE vaccines under development use 
either Beijing-1 or SA14-14-2 strains as virus seeds. All these strains belong to 
genotype 3.

A mouse brain derived inactivated JE vaccine was first licensed in Japan 
in 1954. This type of vaccine is manufactured in a similar fashion using the 
Nakayama-NIH strain in Japan (for export only) and also in India, Republic 
of Korea, Taiwan Province of China, Thailand, and Viet Nam. Since 1989, the 
JE vaccine that is actually used in Japan has contained the Beijing-1 strain. The 
efficacy of mouse brain-derived, inactivated JE vaccines was evaluated in two 
field trials in endemic areas. A study in Taiwan Province of China, in 1966, 
showed that the efficacy of the Nakayama-NIH strain vaccine was 80% after 
two doses. A later study in Thailand demonstrated that the efficacy of both 
a monovalent vaccine containing the Nakayama-NIH strain and a bivalent 
vaccine containing the Nakayama-NIH strain and the Beijing-1 strain was 91% 
over two transmission seasons. The Centers for Disease Control and Prevention 
(CDC), USA later pointed out that the level of protective efficacy observed in this 
study might in part reflect past exposure to JE virus and/or other flaviviruses. 
It was considered that the regimen of two doses given 7 days apart could not 
be assumed to give similar results in non-immune travellers. Therefore, the 
US licence for the Nakayama-NIH strain vaccine (approved in the USA in 
1992) recommends a three-dose schedule based on immunogenicity data from 
non-immune US soldiers who received two or three doses. The duration of 
protection in non-immune people after a three-dose primary regimen remains 
unknown. Booster doses of the US-licensed Nakayama-NIH strain vaccine are 
recommended after 2 years although some studies done in Japan indicate that 
protective antibody levels persist for at least 4 years.

There is considerable information available on the adverse events 
associated with use of mouse brain-derived inactivated JE vaccines. Local 
reactions at the injection site and fever each occur in approximately 10% 
of vaccinated children in Japan. Severe allergic reactions characterized by 
generalized urticaria, respiratory symptoms and cardiovascular symptoms have 
been reported. Severe neurological disorders including acute disseminated 
encephalomyelitis (ADEM) have been reported following vaccination with 
mouse brain-derived JE vaccine. Eighteen cases of ADEM were reported in 
Japan after vaccination with mouse brain-derived inactivated JE vaccines from 
1996 to 2005, which corresponds to approximately two cases per year following 
about 3 million inoculations. It is, however, assumed that there are 60–120 cases 
of ADEM per year in children in Japan whatever the cause (2).

Inactivated JE vaccine prepared from the Beijing-3 strain in primary 
hamster kidney cells has been produced exclusively in China since 1968. 
Approximately 75 million doses were distributed annually in China up to 1988. 
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Randomized field trials in China estimated that protection against JE was about 
85% (5).

A Vero-cell-derived inactivated JE vaccine using the Beijing-3 strain has 
been licensed in China since 1998 where approximately 10 million doses had 
been distributed by 2006 and a clinical trial showed that the seroconversion 
rate (based on measurement of neutralizing antibody to JE virus) in school-
age children was 92% (data presented at a WHO informal consultation held in 
Geneva, 1–2 June 2006).

The mouse brain-derived, inactivated vaccine has been used successfully 
to reduce the incidence of JE in a number of countries and is likely to be used 
nationally and internationally for several years to come. Because of the high 
benefit-to-risk ratio of routine vaccination, immunization against JE in public 
health programmes should continue using available vaccines (5). Nevertheless, 
the desire to reduce the numbers of animals used for production of vaccines, 
potential risks relating to residual neural substances in mouse brain-derived 
vaccines and technological advances in vaccine production are major driving 
forces in a move away from the conventional mouse brain-derived vaccines 
towards cell culture-derived vaccines.

In addition, a primary hamster kidney cell-derived, live attenuated 
vaccine based on the SA14-14-2 strain has been produced in China since 1988 
where it has been reported that more than 100 million children have received 
the vaccine in a regimen of two doses given 1 year apart. This vaccine has been 
also licensed in Nepal, India, Republic of Korea and Sri Lanka.

Other JE vaccines in various stages of development include a chimeric 
live yellow fever–JE vaccine, DNA vaccines, poxvirus-based vaccines and 
virus-like particle vaccines. These products, as well as any other live attenuated 
JE vaccines, are outside the scope of these Recommendations.

The presence of neutralizing antibody provides the best evidence 
available that protective immunity is likely to have been established. Epitope 
mapping studies have indicated that there are at least eight functional epitopes 
on JE virus although not all of them elicit neutralizing antibody. There are 
several methods for determining functional antibody responses to the virus 
(see section C.2.1). The neutralizing antibody assay methodology most 
often used is the plaque reduction neutralization test (PRNT). The cut-off 
for seroprotection is defined as a PRNT50 of at least 1:10 based on studies 
in mice that led to a conclusion that a titre of at least 1:10 protected against 
challenge with a dose of JE virus higher than the maximum titre estimated to 
be transmitted by a mosquito.

Data obtained in studies on mice have indicated that immune responses 
against the JE strain in a vaccine can result in cross-neutralizing antibody 
against different strains of JE virus (6–8). However, neutralizing antibody titres 
are usually higher against homologous virus strains than against the strains 
belonging to other genotypes. Recent studies with a candidate JE vaccine and 
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with the US-licensed Nakayama-NIH strain vaccine showed different results 
in neutralizing antibody and passive protection tests in mice according to the 
viral genotype used in the assays and for challenge (9). The degree of clinical 
cross-protection that might be afforded by vaccine strains against a range of 
wild-type viruses merits further investigation.

Part A. Manufacturing recommendations
A.1 Definitions
A.1.1 International name and proper name
The international name should be Japanese encephalitis vaccine (inactivated) for 
human use. The proper name should be the equivalent of the international name 
in the language of the country of origin.

The use of the international name should be limited to vaccines that 
satisfy the recommendations formulated below.

A.1.2 Descriptive definition
Japanese encephalitis vaccine (inactivated) for human use is a liquid or freeze-
dried preparation of virus grown in mouse brains or in cell cultures and 
inactivated by a suitable method. The preparations for human use should satisfy 
all the recommendations formulated below.

A.1.3 International standards and reference reagents
At the time that these Recommendations were prepared, no international 
reference standard preparations were available.

A.1.4 Terminology
The following definitions are given for the purposes of these Recommendations 
only and may have other meanings in other contexts.

Adjuvant: a component that potentiates the immune response to an 
antigen and/or modulates it towards the desired immune responses.

Adventitious agents: contaminating microorganisms of the virus, 
or cell substrate or materials used in their cultures, that may include bacteria, 
fungi, mycoplasmas, and endogenous and exogenous viruses that have been 
unintentionally introduced.

Cell bank: a collection of ampoules containing aliquots of a suspension 
of cells from a single pool of cells of uniform composition, stored frozen under 
defined conditions (ideally in liquid nitrogen for mammalian cell lines).

Final bulk: the formulated bulk present in the container from which 
the final containers are filled. The final bulk may be prepared from one or 
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more purified bulks, which may or may not be adsorbed on an aluminium-
containing adjuvant.

Final lot: a collection of sealed final containers, filled from the same final 
bulk, which are homogeneous with respect to the risk of contamination during 
filling or drying. A final lot should therefore consist of containers that have been 
filled in one working session and, if freeze-dried, have been freeze-dried together 
in the same chamber at the same time.

Master cell bank (MCB): a quantity of fully characterized cells of human 
or animal origin stored frozen under defined conditions in aliquots of uniform 
composition derived from the cell seed, one or more of which may be used for 
the production of a manufacturer’s working cell bank.

Master virus seed lot: a quantity of virus of uniform composition, 
processed at one time, and distributed into a number of containers. Seed lots are 
derived from a virus seed used in the preparation of inactivated vaccines shown 
to be immunogenic in humans, and no more passages removed from it than the 
number approved by the national regulatory authority. The master virus seed lot 
is used for the preparation of working virus seed lots.

Production cell culture: a cell culture derived from one or more 
containers of the WCB used for the production of vaccines.

Purified bulk: a pool of purified and inactivated single harvests before 
preparation of the final bulk. It may be prepared from one single harvest or a 
number of single harvests and may yield one or more final bulks.

Single harvest: a virus suspension derived from one cell substrate lot, all 
the cultures having been inoculated at the same time with the same inoculum 
and harvested at the same time.

Working cell bank (WCB): a quantity of cells of uniform composition 
derived from one or more ampoules of the master cell bank, which may be used 
for the production cell culture. In normal practice, a cell bank is expanded by 
serial subculture up to passage number (or population doubling, as appropriate) 
selected by the manufacturer, at which point the cells are combined to give a 
single pool and preserved cryogenically to form the WCB. One or more of the 
cryotubes from such a pool may be used for the production of cell culture.

Working virus seed lot: a quantity of virus suspension that has been 
processed together, is of uniform composition, and is no more passages removed 
from the master virus seed lot than the number approved by the national regulatory 
authority. Material is drawn from working virus seed lots for inoculating cell 
cultures or mouse brain for the production of vaccine.

A.2 General manufacturing recommendations
The general manufacturing recommendations for manufacturing establishments 
contained in the Good manufacturing practices for pharmaceutical products: 
main principles (10) and the Good manufacturing practices for biological products 
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(11) should apply to establishments manufacturing JE vaccine for human use, 
with the addition of the following recommendation.

The assignment of a virus to a biosafety level for production and quality 
control facilities should be based on a risk assessment. Such an assessment will 
take the risk group, as well as other factors, into consideration in establishing 
the appropriate biosafety level. For example, a virus assigned to risk group  2 
generally requires biosafety level  2 facilities, equipment, practices and 
procedures for safe conduct of work. The biosafety level assigned for the specific 
work is based on a risk assessment rather than by automatic assignment of a 
laboratory biosafety level according to the particular risk group designation of 
the pathogenic agent to be used. Further guidance on the risk assessment and 
assignment of appropriate biosafety levels is available in the WHO laboratory 
biosafety manual (12). However, countries should draw up a national policy for 
the manufacture of JE vaccines based on risk assessment and by risk group.

All personnel working in the production and control areas should have 
a serum neutralizing antibody titre of at least 1:10 against JE virus.

Only mouse brain tissue suspensions and cell cultures approved by 
the national regulatory authority for the production of JE vaccine should be 
introduced into the production area.

A.3 Control of source materials
A.3.1 Animals and cells for vaccine production
A.3.1.1 Mice
When mice are used for the propagation of JE vaccine virus in the brain, only 
animals less than 5 weeks of age should be used, and they should be free from 
any signs of disease.

Animal colonies should be shown to be healthy. Only animal stocks 
approved by the national regulatory authority should be used for virus 
propagation.

When an animal colony is established, animals should be screened 
for ectoparasites, endoparasites, fungi, protozoa, bacteria, and 
viruses either for which evidence exists of a capacity to infect 
humans or primates, or for which there is no evidence of infection 
in humans but which could nevertheless pose a potential danger, 
for example in immunocompromised individuals. These may 
include hantavirus (haemorrhagic fever with renal syndrome), 
lymphocytic choriomeningitis virus (LCMV), reovirus type  3, 
Sendai virus, ectromelia virus, K virus, lactate dehydrogenase-
elevating virus (LDV), minute virus of mice (MVM), mouse 
adenovirus (MAV), mouse cytomegalovirus (MCMV), Theiler’s 
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mouse encephalomyelitis virus (TMEV, GDVII strain), mouse 
hepatitis virus (MHV), mouse rotavirus (EDIM), pneumonia virus 
of mice (PVM), polyoma virus, retrovirus and thymic virus.

The colony should be monitored for zoonotic viruses and markers 
for contamination at regular intervals. Sera from the animals 
should be screened for antibodies against viruses. The choice of 
tests and testing procedures as well as the appropriate number of 
animals should be approved by the national regulatory authority. 
For instance, enzyme-linked immunosorbent assay (ELISA), 
haemagglutination inhibition (HAI), indirect fluorescent 
antibody (IFA) assay or any other suitable method can be used for 
estimation of these antibodies. For validity of these tests a suitable 
positive and negative control should always be included.

After the colony is established, it should be monitored by testing 
a representative group of animals. The choice of tests and testing 
procedures for monitoring as well as the appropriate number of 
animals should be approved by the national regulatory authority. 
In addition, the colony should be screened for the presence 
of pathogenic bacteria, including mycobacteria, fungi and 
mycoplasma. This screening should be performed in all of the 
animals over a defined period of time. The screening programme 
should be approved by the national regulatory authority.

Any animal that dies should be investigated to determine 
the cause of death. If the presence of an infectious agent is 
demonstrated in the colony, the national regulatory authority 
should be informed and the manufacture of vaccine should 
be discontinued. In this case, manufacture should not be 
resumed until a thorough investigation has been completed and 
precautions have been taken against the infectious agent being 
present in the product, and only then with the approval of the 
national regulatory authority.

If the vaccine is produced in mouse brain, methods for intracerebral inoculation 
and harvesting should be approved by the national regulatory authority.

A.3.1.2 Primary hamster kidney cells
When primary hamster kidney cells are used for the propagation of JE vaccine 
virus, animals and the primary cells should be approved by the national 
regulatory authority.
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A.3.1.2.1 Hamsters

Hamsters, 10–14 days old, may be used as the source of kidneys for cell culture. 
Only hamster stock approved by the national regulatory authority should 
be used as the source of tissue and should be derived from a closed, healthy 
colony. A closed colony is a group of animals sharing a common environment 
and having their own caretakers who have no contact with other animal 
colonies. The animals are tested according to a defined programme to ensure 
freedom from specified pathogens, including the absence of antibodies to these 
pathogens. When new animals are introduced into the colony, they should be 
kept in quarantine in vermin proof quarters for a minimum of 2 months and 
shown to be free from these specified pathogens. The parents of animals to be 
used as a source of tissue should be kept in vermin proof quarters. Neither 
parent hamsters nor their progeny should previously have been used for 
experimental purposes, especially those involving infectious agents. The colony 
should be monitored for zoonotic viruses and markers for contamination at 
regular intervals.

At the time the colony is established, all founder animals should be 
tested to determine freedom from antibodies to the following pathogens: 
microorganisms pathogenic for hamsters (e.g. Mycobacterium tuberculosis, 
lymphoma virus, papilloma virus, polyomavirus, adenoviruses and retroviruses), 
lymphocytic choriomeningitis virus, pneumonia virus of mice, reovirus type 3, 
minute virus of mice, Sendai virus, hantavirus, SV 5, Toolans H a virus, mouse 
poliovirus, mouse hepatitis virus, lactate dehydrogenase-elevating virus, and 
Kilham rat virus. Antibody production tests in mouse (MAP), hamster (HAP), 
and rat (RAP) should also be performed. A test for retroviruses using a sensitive 
polymerase chain reaction (PCR) based reverse transcriptase (Rtase) assay 
also should be included. The results of such assays need to be interpreted with 
caution because Rtase activity is not unique to retroviruses and may derive from 
other sources, such as retrovirus like elements that do not encode a complete 
genome (13). Nucleic acid amplification tests for retrovirus may also be used. 
A PCR test for hamster polyoma virus should be used on a selected number 
of hamster tissues, especially kidneys, to qualify the colony, and at intervals 
thereafter. Once the colony has been established, it should be monitored by 
testing a representative group of animals at specified intervals. The choice of 
tests and testing procedures for monitoring as well as the appropriate number 
of animals should be approved by the national regulatory authority. In addition, 
the colony should be screened for the presence of pathogenic bacteria, including 
mycobacteria, fungi and mycoplasma. This screening should be performed in 
all of the animals over a defined period. The screening programme should be 
approved by the national regulatory authority.

Any animal that dies should be investigated to determine the cause of 
death. If the presence of an infectious agent is demonstrated in the colony, the 
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national regulatory authority should be informed and the manufacture of vaccine 
should be discontinued. In this case, manufacture should not be resumed until 
a thorough investigation has been completed and precautions have been taken 
against the infectious agent being present in the product, and only then with the 
approval of the national regulatory authority.

At the time of kidney harvest, the animals should be examined for the 
presence of any abnormalities and if kidney abnormalities or other evidence of 
pathology is found, the animals affected are not to be used for production of 
JE vaccine.

Each group of control cultures derived from a single group of animals 
used to produce a single virus harvest should remain identifiable as such until 
all testing, especially for adventitious agents, is completed.

A.3.1.2.2 Primary hamster kidney cell cultures

Kidneys derived from animals which comply with the guidelines set out in 
section A.3.1.2.1 should be dissected and minced under conditions approved 
by the national regulatory authority. A primary cell suspension is obtained 
after trypsin digestion and this is distributed into cell culture vessels with 
growth medium.

A.3.1.3 Continuous cell lines
The use of a continuous cell line for the propagation of JE vaccine virus should 
be based on a cell bank system and tests on master and manufacturer’s working 
cell banks should conform with the Requirements for use of animal cells as in 
vitro substrates for the production of biologicals (13, 14) where appropriate, and 
should be approved by the national regulatory authority.

WHO has established a cell bank of Vero cells characterized in 
accordance with the recommendations in the report of the WHO 
Expert Committee on Biological Standardization (13, 14), which 
is available to manufacturers as a well characterized starting 
material for preparation of their own master and working cell 
bank on request to the Coordinator, Quality, Safety and Standards 
Team, WHO, Geneva, Switzerland.

The maximum number of passages (or population doublings) allowable 
between the MCB, the WCB and the production cells should be approved by 
the national regulatory authority. Additionally, the MCB or WCB cells should 
be propagated up to or beyond the maximum production level and be examined 
for tumorigenicity in an animal test system and for the presence of bacteria, 
fungi, mycoplasmas, retroviruses and other adventitious agents.
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The MCB is made in sufficient quantities and stored in a secure 
environment and is used as the source material to make the manufacturer’s 
WCB. In normal practice, an MCB is expanded by serial subculture up to a 
passage number (or population doubling, as appropriate) selected by the 
manufacturer and approved by the national regulatory authority, at which 
point the cells are combined to give a single pool distributed into ampoules and 
preserved cryogenically to form the WCB.

Tests on the MCB and WCB are performed in accordance with the 
Requirements for use of animal cells as in vitro substrates for the production of 
biologicals (13, 14).

Full characterization may be performed on either the MCB or on 
the WCB.

The manufacturer’s WCB is used for the preparation of production cell 
culture, and thus for production of batches of JE vaccine virus.

The manufacturer’s WCB should be identified by means of, for example, 
biochemical (e.g. isoenzyme analysis), immunological and cytogenetic marker 
tests, approved by the national regulatory authority.

A.3.1.4 Cell culture medium
If serum is used for the propagation of cells, it should be tested to 
demonstrate freedom from bacteria, fungi and mycoplasmas, according to 
the recommendations given in Part  A, sections 5.2 and 5.3 of the revised 
Requirements for biological substances no. 6 (15, 16), and from infectious viruses. 
Suitable tests for detecting viruses in bovine serum are given in Appendix  1 
of the Recommendations for production and control of poliomyelitis vaccine 
(oral) (17).

Validated molecular tests for bovine viruses may replace the cell 
culture tests of bovine sera. As an additional monitor of quality, 
sera may be examined for freedom from phage, endotoxin 
and antibodies to JE virus. Gamma-irradiation may be used to 
inactivate potential contaminant viruses.

The acceptability of the source(s) of any components used which originate 
from cattle, pigs, sheep or goats should be approved by the national regulatory 
authority. These components should comply with the Guidelines on transmissible 
spongiform encephalopathies in relation to biological and pharmaceutical products 
(18) and WHO guidelines on tissue infectivity distribution in transmissible 
spongiform encephalopathies (19).

If trypsin is used for preparing cell cultures and aiding in virus infection, 
it should be tested and found free of bacteria, fungi, mycoplasmas and infectious 
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viruses, especially bovine or porcine parvoviruses, as appropriate. The methods 
used to ensure this should be approved by the national regulatory authority. The 
trypsin should be gamma-irradiated if possible.

Human serum should not be used. However, human serum albumin 
may be used. If used, it should meet the revised Requirements for the collection, 
processing and quality control of blood, blood components and plasma derivatives 
(requirements for biological substances no. 27) (20), as well as WHO guidelines 
on transmissible spongiform encephalopathies (18, 19).

Penicillin and other beta-lactams should not be used at any stage of the 
manufacture because they are highly sensitizing substances. Other antibiotics 
may be used in the manufacture provided that the quantity present in the final 
product is acceptable to the national regulatory authority.

Minimal concentrations of suitable antibiotics such as kanamycin 
and neomycin may be used if approved by the national regulatory 
authority.

Any other substances added should be approved by the national regulatory 
authority.

Non-toxic pH indicators may be added, e.g. phenol red at a 
concentration of 0.002%.

A.3.2 Virus seed
Different virus seed strains are used for production of inactivated JE vaccine. 
A seed lot system should be followed during the preparation of master and 
working seed. Passage number of the working seed and final product is similar 
to that of the batch which has been found effective in clinical efficacy studies.

A.3.2.1 Strain of virus
The strains of virus used in the production of all seed lots should be approved 
by the national regulatory authority and should yield safe and immunogenic 
vaccines when the virus has been inactivated. They should be identified by 
historical records which include passage history. They should be shown to be 
free of adventitious agents by infectivity tests, serological or molecular biological 
tests, and animal inoculation.

A.3.2.2 Virus seed lot system
The preparation of JE vaccine should be based on the use of a virus seed lot 
system. The national regulatory authority should determine the acceptable 
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number of passages from the master virus seed lot to produce working virus 
seed lots. If mice are used for the passages, suckling mice are preferred. Vaccines 
should be made from a working virus seed lot without further intervening 
passage. Virus seed lots should be freeze-dried or frozen. The dried seed 
should be kept at or below −20 °C, whereas the frozen seed should be kept at or 
below −60 °C.

Seed lots should have been shown, to the satisfaction of the national 
regulatory authority, to be capable of yielding vaccine that meets all these 
Recommendations.

A.3.2.3 Tests on the master virus seed lots
A.3.2.3.1 Test for identity

The master virus seed lot should be identified as JE virus strain by methods 
approved by the national regulatory authority.

A.3.2.3.2 Tests for bacteria, fungi and mycoplasmas

Each master virus seed lot should be tested for bacterial, fungal and mycoplasmal 
contamination by appropriate tests according to Part A, sections 5.2 and 5.3 of 
the revised Requirements for biological substances no. 6 (General requirements 
for sterility of biological substances) (15, 16).

A.3.2.3.3 Tests for adventitious agents

The master virus seed lot should be tested for adventitious agents. For these tests 
the virus should be neutralized by a specific anti-Japanese-encephalitis serum. 
The specificity and sensitivity of assays should be defined and approved by the 
national regulatory authority.

A.3.2.3.4 Additional tests

Tests should be carried out to characterize the virus strain. Such tests should 
include the titration of virus. Additional tests should also take into account the 
passages of the virus in different animal species.

A.3.2.4 Tests on the working virus seed lots
A.3.2.4.1 Test for identity

The working virus seed lot should be identified as JE virus strain as in A.3.2.3.1.

A.3.2.4.2 Tests for bacteria, fungi and mycoplasmas

Each working virus seed lot should be tested for bacterial, fungal and 
mycoplasmal contamination as described in section A.3.2.3.2.
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A.3.2.4.3 Tests for adventitious agents

If the working virus seed lot is derived from mouse brain or primary cell 
cultures, it should be tested for adventitious agents as in section A.3.2.3.3. If 
working virus seed lots are produced in cells derived from a validated cell bank 
where a master virus seed lot was tested for adventitious agents, these tests do 
not have to be repeated.

A.3.2.4.4 Additional tests

Each time a new working virus seed lot is prepared, tests should be carried out 
to characterize the virus strain as described in section A.3.2.3.4.

A.4 Control of vaccine production
A.4.1 Mouse brain
The brains of mice inoculated intracerebrally with the virus strain for production 
should be harvested when the mice exhibit advanced signs of JE virus infection, 
such as encephalitis. The harvested mouse brains should be homogenized in a 
suitable medium and processed to give a uniform virus suspension.

The harvested and processed virus suspension should be subjected 
to the control tests for single virus harvests given in section A.4.3 of these 
Recommendations.

A.4.2 Cell cultures
A.4.2.1 Preparation of control cell cultures
At least 5% of the cell suspension (not less than 500 ml) at the concentration 
employed for inoculating vaccine production cultures should be used to prepare 
control cultures.

In some countries in which the technology of large-scale 
production by means of a bioreactor has been developed, the 
national regulatory authority should determine the size of the cell 
sample to be examined and the control methods to be applied.

A.4.2.2 Tests on control cell cultures
The control cell cultures should be treated in a similar way to the production cell 
cultures, but they should remain uninoculated to serve as control cultures for the 
detection of extraneous viruses.

The control cell cultures should be incubated under the same conditions 
as the inoculated cultures for at least 14 days and should be examined during 
this period for evidence of cytopathic changes. For the test to be valid, not 
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more than 20% of the control cell cultures should have had to be discarded 
for nonspecific, accidental reasons. At the end of the observation period, the 
control cell cultures should be examined for the presence of adventitious agents 
as described below (sections A.4.2.2.2 and A.4.2.2.3).

If this examination or any of the tests specified in this section shows 
evidence of the presence in a control culture of any adventitious agent, the 
JE virus grown in the corresponding inoculated cultures should not be used for 
vaccine production.

Samples not tested immediately should be stored at –60 °C or below.

A.4.2.2.1 Identity test if continuous cell lines are used

At the production level, and for vaccines produced in continuous cell lines, 
the cells should be identified by using one of the methods specified in the 
Requirements for the use of animal cells as in vitro substrates for production of 
biologicals (13, 14). The method(s) should be approved by the national regulatory 
authority.

Methods for identity testing include, but are not limited to, 
biochemical (e.g. isoenzyme analysis), immunological (e.g. 
major histocompatibility antigens), cytogenetic tests (e.g. for 
chromosomal markers), and tests for genetic markers (DNA 
fingerprinting).

A.4.2.2.2 Tests for haemadsorbing viruses

At the end of the observation periods, haemadsorbing viruses should be tested. 
If multiple harvest pools are prepared at different times, the cultures should be 
observed and tested at the time of the collection of each pool.

In some countries, 25% of the control cells are tested for 
the presence of haemadsorbing viruses by using guinea-pig 
erythrocytes. If the red blood cells have been stored, the duration 
of storage should not have exceeded 7 days and the temperature 
of storage should have been in the range of 2–8 °C.

In tests for haemadsorbing viruses, calcium and magnesium ions 
should be absent from the medium.

In some countries the national regulatory authority requires 
that tests for haemadsorbing viruses should also be done with 
erythrocytes from other species, including human blood group O, 
monkeys and chickens (or other avian species).
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The results of all tests should be noted after incubation of the 
erythrocytes with the cultured cells for 30 minutes at 0–4 °C and 
again after a further incubation for 30 minutes at 20–25 °C. For 
the test with monkey erythrocytes, the results should be noted a 
third time after a final incubation for 30 minutes at 34–37 °C.

A.4.2.2.3 Tests for other adventitious agents on supernatant fluids

At the end of the observation period, a sample of the pooled fluids from each 
group of control cultures should be tested for adventitious agents. At least 10 ml 
of each pooled supernatant fluid from the control cultures should be tested in the 
same cell substrate, but not the same batch of cells, as that used for production. 
Additional samples of at least 10 ml should be tested in human cells and at least 
one other sensitive cell system.

The samples should be inoculated into bottles of these cell cultures in 
such a way that the dilution of the supernatant fluid in the nutrient medium 
does not exceed 1 in 4. The area of the cell sheet should be at least 3 cm²/ml of 
supernatant fluid. At least one bottle of each of the cell cultures should remain 
uninoculated and serve as a control.

The inoculated culture should be incubated at 35–37 °C and should be 
observed for cytopathic effects for a period of at least 14 days.

For the tests to be valid, at least 80% of the cell cultures should be 
available and suitable for evaluation at the end of the test period.

If any cytopathic changes due to adventitious agents occur in any of the 
cultures, the virus harvest produced from the batches of cells from which the 
control cells were taken should be discarded.

A.4.3 Control of single virus harvests
After inoculation of the production cells with the virus working seed lot, 
inoculated and control cell cultures should be kept within a temperature range 
approved by the national regulatory authority for the defined incubation 
periods. The optimal range for pH, multiplicity of infection, cell density and 
time of incubation should be established, and be approved by the national 
regulatory authority.

The appropriate time for harvest should be defined and approved by the 
national regulatory authority.

It is advisable that the inoculated cell cultures are processed in such a 
manner that each virus suspension harvested remains identifiable as a single 
harvest and is kept separate from other harvests until the results of all the tests 
described in section A.4.2 have been obtained.

Only the virus harvests satisfying the recommendations below should 
be pooled and used in the preparation of the inactivated virus harvest.
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A.4.3.1 Sterility tests for bacteria and fungi
A sample removed from each virus harvest should be tested for bacterial and 
fungal contamination by appropriate tests recommended in Part A, section 5.2 
of the revised Requirements for biological substances no. 6 (General requirements 
for the sterility of biological substances) (16). Any single virus harvest in which 
contamination is detected should be discarded.

A.4.3.2 Identity test for vaccine virus
The single virus harvest should be identified as JE vaccine virus using suitable 
methods approved by the national regulatory authority.

A.4.3.3 Test of virus content
A sample removed from each virus harvest should be tested for virus content 
using suitable methods approved by the national regulatory authority.

Both mice and cell culture with defined sensitivity are suitable for 
testing infectivity. Manufacturers should set an in-house specification for titre 
of each harvest.

A.4.3.4 Consistency of yield
Virus content as mentioned above is an appropriate parameter for monitoring 
the consistency of yield. Therefore, internal specifications should be set.

A.4.4 Preparation and control of purified bulk
A.4.4.1 Preparation of purified bulk
Only virus harvests satisfying the recommendations for sterility and virus 
content in section A.4.3 should be pooled.

One or more single harvests may be purified and/or concentrated by 
methods demonstrated to yield safe, potent and immunogenic vaccine. The 
virus harvest or pools should be inactivated by a validated method at a defined 
stage of the process which may be before or after concentration and purification.

The process should be approved by the national regulatory authority and 
should be shown to give consistent results.

The bulk suspension derived from mouse brains should be purified by 
a process designed to reduce the myelin content to the lowest possible level and 
should have been approved by the national regulatory authority (see section 
A.4.4.3.1).

A.4.4.2 Inactivation of virus
A.4.4.2.1 Treatment before inactivation

When cell cultures are used, the bulk material should be filtered or clarified by 
centrifugation prior to inactivation.
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The importance of filtration or clarification using centrifugation 
of the crude virus suspensions as a means of improving 
the consistency of the inactivation process has been clearly 
established. Generally, filters are used in series or filtration is 
performed step-wise through filters of decreasing porosity. 
Satisfactory results have been reported with several filter types, 
but a final filtration using a 0.22-μm filter should be done.

A.4.4.2.2 Inactivation

The process for the inactivation of the JE virus should be approved by the 
national regulatory authority.

Inactivation should be commenced immediately after the 
preparation and sampling of single virus harvests when mouse 
brain is used, or immediately after filtration when cell cultures 
are used.

One method that has been successfully used to inactivate JE virus 
is the treatment of the virus harvest with formalin at a final 
concentration of 1:2000 for 50–60 days at 4 °C.

A.4.4.2.3 Test for effective inactivation

Each bulk suspension should be tested in an appropriate test system for 
effective inactivation of the virus before the addition of preservatives and other 
substances. The sensitivity of the assay should be determined according to the 
JE virus used for production and the most sensitive assay should be used. This 
test should be performed immediately after inactivation.

If samples are not tested immediately after inactivation they 
should be stored frozen at –60  °C or below. The conditions of 
storage should be validated to confirm no loss of virus titre. If 
the test is performed at a later stage of production, appropriate 
biosafety levels should be maintained.

The test should be approved by the national regulatory authority and should be 
performed with the undiluted bulk suspension. A test sample corresponding to 
no less than 25 human doses of the final bulk should be used.

In some countries the test involves direct inoculation 
intracerebrally into mice followed by three blind passages.
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The total volume of the test sample should be inoculated into 
the primary culture of hamster kidney cells, or any other cell 
cultures with no less susceptibility to the virus than hamster-
kidney cells, and incubated at 35 ± 1 °C for a period of 14 days. 
A cell culture sheet not less than 3 cm² should be used for 1 ml of 
the test material.

During the incubation period, no cytopathic change should be 
detected. On completion of the observation, the cultured fluid 
should be collected and inoculated intracerebrally at a dose of 
0.03 ml into at least 10 mice of about 4 weeks of age. The animals 
should be observed for 14 days. The bulk passes the test if the 
product has been shown to be free from residual live virus.

A.4.4.3 Tests on purified bulk
A.4.4.3.1 Test for myelin basic protein if mouse brain was used for production

Each purified bulk should be tested for myelin basic protein. The method 
and specification for myelin basic protein content should be approved by the 
national regulatory authority.

Some licensed JE vaccines have been reported to contain myelin 
basic protein at concentrations lower than 2 ng per human dose.

A.4.4.3.2 Protein content

Each purified bulk should be tested for the total protein content using a suitable 
method such as the micro-Kjeldahl method or the Lowry technique.

A.4.4.3.3 Antigen content

The test for viral antigen content should be done on each bulk suspension. The 
method used should be approved by the national regulatory authority.

A.4.4.3.4 Test for residual DNA if continuous cell lines are used for production

For viruses grown in continuous cell lines, purified bulk should be tested for 
residual cellular DNA. If this test has not been carried out at this stage, it should 
be done on final bulk or final lot.

The removal process should be shown to consistently reduce the amount 
of cell DNA. It is expected that the levels of residual host cell DNA in a final 
dosage form will meet the maximum levels cited in the Requirements for use of 
animal cells as in vitro substrates for the production of biologicals (13).
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A.4.4.3.5 Test for residual animal serum

If animal serum is used for production of cell culture vaccines, residual bovine 
serum albumin (BSA) content should be measured as an indicator of animal 
serum in the purified bulk. This should result in a level of no greater than 50 ng 
per human dose or its equivalent.

In some countries, tests are carried out to estimate the amount of 
residual animal serum in the final vaccine. Other serum proteins 
may also be measured.

A.4.4.3.6 Test for residual chemicals

The concentration of chemicals such as inactivating agent remaining in the 
final vaccine should be determined using methods approved by the national 
regulatory authority. These concentrations should not exceed the upper limits 
specified by the national regulatory authority. For preservatives, both the 
method of testing and the concentration should be approved by the national 
regulatory authority.

Alternatively, tests for residual chemicals may be performed on the 
final bulk.

A.4.5 Preparation and control of final bulk
A.4.5.1 Preservatives and other substances including adjuvants added
In the preparation of the final bulk, only adjuvant, preservatives or other 
substances such as human albumin approved by the national regulatory 
authority should be added. Such substances should have been shown by 
appropriate tests not to impair the safety or effectiveness of the product in the 
amounts used.

If formalin has been used for inactivation, the procedure should be such 
that the amount of formaldehyde in the final bulk is no greater than 0.01%. The 
test method used should be approved by the national regulatory authority.

Additional antibiotics should not be added to the final bulk of JE vaccine 
for human use.

Antigen produced in cell cultures may be adsorbed onto an adjuvant 
such as aluminium. In that case, the mineral vehicle and its concentration 
should be approved by the national regulatory authority. Antigen produced in 
the mouse brain should not be adsorbed onto any adjuvant. Until the bulk is 
formulated into the final bulk, the suspension should be stored under conditions 
shown by the manufacturer to retain the desired biological activity.
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A.4.5.2 Tests on final bulk
A.4.5.2.1 Sterility tests for bacteria and fungi

Each final bulk should be tested for sterility according to the recommendations 
in Part A, section 5.2 of the revised Requirements for biological substances no. 6 
(General requirements for the sterility of biological substances) (16).

A.4.5.2.2 Adjuvant content and degree of adsorption (where appropriate)

If an adjuvant has been added to the vaccine, its content should be determined 
by a method approved by the national regulatory authority. The amount and 
nature of the adjuvant should be within the range shown to be clinically effective 
and should be approved by the national regulatory authority. When aluminium 
compounds are used, the content of aluminium should not be greater than 
1.25 mg per single human dose.

The formulation of adjuvant and antigen should be stable and 
consistent. The purity of the adjuvant should be demonstrated 
to  be within the range found for vaccine lots shown to be 
clinically effective.

Adsorbed bulk may be assayed for the content of the adjuvant 
until production consistency is demonstrated.

The degree of adsorption (completeness of adsorption) of each adsorbed 
bulk should be assessed. This test may be omitted upon demonstration of 
process consistency.

A.4.5.2.3 Preservative content

If a preservative has been added to the vaccine, the content of preservative 
should be determined by a method approved by the national regulatory 
authority. The amount of preservative in the vaccine dose should be shown 
neither to have any deleterious effect on the antigen nor to impair the safety of 
the product in humans. The preservative and its use at different stages of the 
manufacturing process as well as the residual amount present in the product 
should be approved by the national regulatory authority.

A.4.5.2.4 Potency

This test may be performed on the final bulk. The method for detection of 
neutralizing antibody and the analysis of data should be approved by the national 
regulatory authority. The vaccine potency should be compared with that of a 
reference preparation and the national regulatory authority should determine 
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limits of potency. The national regulatory authority should approve the reference 
preparation used.

This test may be conducted on each final lot derived from the final bulk.

A.5 Filling and containers
The recommendations concerning filling and containers in the Good 
manufacturing practices for biological products (11) should apply, with the 
addition of the following recommendations.

Containers of freeze-dried vaccine should be hermetically sealed under 
vacuum or after filling with pure, dry, oxygen-free nitrogen or any other gas not 
deleterious to the vaccine. All containers sealed under vacuum should be tested 
for leaks and all defective containers should be discarded.

Care should be taken to ensure that the materials of which the container 
and, if applicable, transference devices and closure, are made do not adversely 
affect the quality of vaccine.

The manufacturers should provide the national regulatory authority 
with adequate data to prove the stability of the product under appropriate 
conditions of storage and shipping.

A.6 Control tests on final lot
A.6.1 Inspection of final containers
Every container in each final lot should be inspected visually, and those that 
show abnormality should be discarded.

A.6.2 Identity test
An identity test should be performed on at least one labelled container from 
each final lot by methods approved by the national regulatory authority.

The test for potency, as described in section A.6.6 of these 
Recommendations may serve as an identity test.

A.6.3 Sterility tests for bacteria and fungi
Each final lot should be tested for bacterial and fungal sterility according to 
the recommendations in Part  A, section 5.2 of the revised Requirements for 
biological substances no. 6 (General requirements for the sterility of biological 
substances) (16).

A.6.4 Tests of pH
The pH value of a pool of final containers should be tested. The freeze-dried 
vaccine is dissolved in the approved diluent. The pH value should be approved 
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by the national regulatory authority, and be within the range of values found for 
vaccine lots shown to be clinically safe and effective.

A.6.5 Test of osmolarity
The osmolarity of a pool of final containers should be tested. The freeze-dried 
vaccine is dissolved in the approved diluent. The osmolarity should be approved 
by the national regulatory authority, and be within the range of values found for 
vaccine lots shown to be clinically safe and effective.

This test may be discontinued when consistency of production has been 
demonstrated.

A.6.6 General safety (innocuity) tests
Each final lot should be tested for the absence of abnormal toxicity using a 
general safety (innocuity) test approved by the national regulatory authority.

This test may be omitted for routine lot release once consistency of 
production has been established to the satisfaction of the national 
regulatory authority and when good manufacturing practices are 
in place. Each lot, if tested, should pass a test for general safety.

A.6.7 Test for protein content
For mouse brain vaccine, the maximum protein content should not be greater 
than 80 µg/ml.

Experience from production by some manufacturers indicates 
that that levels of 10–40 µg/ml are obtained.

The protein content of cell culture-derived vaccines should be approved by the 
national regulatory authority.

If protein stabilizers such as gelatin are added to vaccine, the total 
protein content should reflect such additions.

A.6.8 Test for residual cellular DNA
When continuous cell lines are used for production, the cellular DNA content 
in the final dosage form should be determined. As recommended in the WHO 
Requirements for the use of animal cells as in vitro substrates for the production 
of biologicals (13), the amount of residual cell DNA should be less than 10 ng 
per purified human dose. The assay for determination of residual cell DNA 
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with defined sensitivity for detection of specified levels should be approved by 
the national regulatory authority. If this test has already been carried out at an 
earlier stage of production, e.g. purified or final bulk, an estimate of the level of 
residual cellular DNA retained in the final lot should be presented and justified. 
The specification set for the level of residual DNA should comply with current 
WHO requirements for cell substrates (13). This test may be discontinued once 
consistency has been demonstrated.

A.6.9 Potency test
The potency should be determined by titration of the neutralizing antibody 
produced in immunized mice by the plaque-reduction neutralization test. 
Neutralization antibody titres should be calculated as 50% plaque-reduction 
neutralization titre. The test should be done in parallel with a reference vaccine 
(standard) derived from a homologous virus strain. The challenge strain should 
be the virus strain homologous to that in the test vaccine. The mouse strain used 
should have been shown to give adequate responses following immunization 
with the JE vaccine being tested.

Appropriate vaccine and challenge virus are approved by the national 
regulatory authority and should be homologous to the JE virus strain used for 
production.

The test procedure used, including the reference vaccine, should be 
approved by the national regulatory authority (see section D.1).

The reference vaccine should be well characterized in respect of its 
immunogenic potential. The reference vaccine should either have been 
included and shown to be efficacious in clinical trials, or be traceable to such a 
batch of vaccine.

In some countries, a single dilution assay has been used. However, 
a multi-dose assay has been implemented in at least one country, 
which facilitates statistical evaluation.

Briefly, the multi-dose test is as follows: the test vaccine and a 
reference are diluted to make appropriate serial dilutions. Five 
hundred microlitres of each dilution is injected intraperitoneally 
into at least ten mice, of the same sex, approximately 4 weeks 
of age and typically having a body weight of 14–18  g, on two 
occasions 7 days apart. Seven days after the second injection, 
each animal is bled. An equal volume of separated serum is 
pooled and heat-inactivated at 56 °C for 30 minutes. The pooled 
serum may be stored at –20 °C or below.
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If pooled serum is tested for virus neutralizing antibodies, the 
following procedures are used:

A series of dilutions are prepared in Eagle’s minimum essential 
medium (MEM) containing fetal bovine serum, or another 
appropriate medium. Equal volumes of the diluted serum and 
the challenge virus are mixed. The mixture is kept at 36 ± l °C for 
90 minutes with intermittent shaking every 15–30 minutes. One 
hundred microlitres of the serum–virus mixture is inoculated on 
to at least three wells of appropriate cells, such as Vero cells or 
chick embryo fibroblast cells, in 6-well plates. The challenge virus 
is mixed with an equal volume of the medium used for dilution to 
serve as the virus control. All the inoculated cells are incubated at 
36 ± l °C for 90 minutes in 5% carbon dioxide. The infected cells 
are overlaid with the overlaying agar medium containing 1% agar 
or methyl cellulose.

After incubation for an appropriate time (5–8 days), the cells are 
stained and the number of plaques counted. The mean number 
of plaques in the control should be 50–150 per dish. Neutralizing 
antibody titres (based on initial serum dilutions before mixing 
with virus preparation) are calculated as 50% PRNT.

The 50% PRNTs induced by the vaccine being tested are 
compared with those induced by the reference, by the appropriate 
statistical methods approved by the national regulatory authority. 
The potency of the test sample should be no less than that of the 
reference vaccine.

A.6.10 Accelerated thermal stability test
The performance of accelerated thermal stability tests should be considered in 
the context of the overall stability evaluation of JE vaccine (21) (section A.11.1).

Previous experience indicates that the potency of liquid vaccine 
may be determined after storage of samples at 37 °C for 1 week 
and for freeze-dried vaccines after storage at 37 °C for 4 weeks.

If accelerated stability data consistently meet requirements for potency and 
other stability indicating parameters, a thermal stability test for the purpose of 
lot release could be performed at regular intervals instead of testing each lot as 
part of ongoing stability studies following licensing.
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A.6.11 Residual moisture tests on freeze-dried vaccine
The residual moisture in a representative sample of each freeze-dried lot should 
be determined by a method approved by the national regulatory authority. 
The upper limit for the moisture content should be specified by the national 
regulatory authority.

Moisture levels of 3% or less are generally considered satisfactory.

A.6.12 Test for pyrogenic substances
Each final lot should be tested for pyrogenic substances. The test procedures 
should be approved by the national regulatory authority.

A.6.13 Test for residual animal serum
For cell culture-derived vaccines, the final lot should be tested to verify that the 
level of residual bovine serum albumin as an indicator of residual serum protein 
in the final vaccine is less than 50 ng per human dose.

This test may be performed on the purified bulk or on the final 
bulk. Tests for other residual serum proteins may also be used. 
(See section A.4.4.3.5).

A.6.14 Test for preservatives
Each final lot should be tested for the presence of preservative, if added. The 
concentrations of preservatives should be approved by the national regulatory 
authority. Such substances should have been shown by appropriate tests not to 
impair the safety or immunogenicity of the vaccine.

If any modification of preservative content in an already licensed vaccine 
is made, general principles for vaccine evaluation described in the WHO 
Guidelines on regulatory expectations related to the elimination, reduction or 
replacement of thiomersal in vaccines (22), should be followed.

A.6.15 Adjuvant content and degree of adsorption (where appropriate)
If vaccines are adjuvanted, each final lot should be assayed for the adjuvant 
content. When aluminium compounds are used, the content of aluminium 
should not be greater than 1.25 mg per single human dose.

The degree of adsorption (completeness of adsorption) of the antigen 
in each final lot should be assessed and the limits should be approved by the 
national regulatory authority. This test may be omitted for routine lot release 
upon demonstration of product consistency.
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A.7 Records
The recommendations in the Good manufacturing practices for biological 
products (11) should apply.

A.8 Retained samples
The recommendations in the Good manufacturing practices for biological 
products (11) should apply.

A.9 Labelling
The recommendations given in section 7 of the Good manufacturing practices 
for biological products (11) should apply, with the addition of the following 
information.

The label on the carton, the container or the leaflet accompanying the 
container should state:

 ■ that the vaccine has been prepared from mouse brains, primary 
hamster kidney cells, or Vero cells;

 ■ the strain of the vaccine virus present in the preparation;
 ■ the number of doses, if the product is issued in a multiple dose 

container;
 ■ the name and maximum quantity of any antibiotic present in the 

vaccine;
 ■ the name and concentration of any preservative added;
 ■ the name and concentration of any adjuvant added;
 ■ the temperature recommended during storage and transport;
 ■ the expiry date; and 
 ■ any special dosing schedules.

A.10 Distribution and shipping
The recommendations in the Good manufacturing practices for biological 
products (11) should apply.

A.11 Stability, storage and expiry date
A.11.1 Stability testing
Stability testing should be performed at different stages of production, namely 
on single harvests, purified bulk, final bulk and final lot. Stability-indicating 
parameters should be defined or selected appropriately according to the stage of 
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production. It is advisable to assign a shelf-life to all in-process materials during 
vaccine production, in particular intermediates such as single harvests, purified 
bulk and final bulk.

The stability of the vaccine in its final container and at the recommended 
storage temperatures should be demonstrated to the satisfaction of the national 
regulatory authorities on at least three lots of final product. Accelerated thermal 
stability tests may be undertaken on each final lot to give additional information 
on the overall stability of a vaccine (see section A.6.10).

The formulation of vaccine and adjuvant (if used) should be stable 
throughout its shelf-life. Acceptable limits for stability should be agreed with 
national authorities.

A.11.2 Storage conditions
The vaccine in its final container should be kept at +2 to +8 °C. If other storage 
conditions are used, they should be fully validated and approved by the national 
regulatory authority. The vaccine should have been shown to meet the release 
specifications for a period equal to that between the date of release and the 
expiry date. During storage, liquid vaccines should not be frozen.

A.11.3 Expiry date
The expiry date should be fixed with the approval of the national regulatory 
authority, and should take account of the experimental data on stability of 
the vaccine.

In one country, the expiry dating period of a liquid JE vaccine 
was set no less than 3 months after the potency test and for a 
freeze-dried vaccine no less than 2 years.

For freeze-dried vaccines, the expiry date for the vaccine and the 
diluent may be different.

Part B. Nonclinical evaluation of new Japanese 
encephalitis vaccines (inactivated) for human use
Nonclinical evaluation of new JE vaccines should be based on the Guidelines 
on nonclinical evaluation of vaccines (3). The following specific issues should be 
considered in the context of the development of an inactivated JE vaccine. In 
any event, the nonclinical experiments should be discussed with the national 
regulatory authorities.
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B.1 Immunogenicity studies
For JE virus the role of antibody in protection is well studied and neutralization 
assays are considered more appropriate than the virus binding assays such as 
ELISA (see General considerations and section C.2). Nonclinical studies should 
normally be undertaken using the same formulation of the vaccine as that 
intended for use in clinical trials unless otherwise justified.

The first studies should involve immunization of animals with various 
doses of the candidate vaccine given at various regimens and evaluation of the 
kinetics of the neutralizing antibody response. The inclusion of at least one 
licensed vaccine as a comparator may provide useful supporting data, but is 
optional. Studies are usually undertaken in mice as this species demonstrates 
an adequate immune response.

B.2 Active protection studies
The protective efficacy of the vaccine may be evaluated in challenge studies. The 
focus of these studies should be to demonstrate that prior vaccination protects 
against disease due to the homologous virus strain. The studies should be 
performed before the commencement of clinical studies. Protection studies that 
employ challenge should be undertaken with at least one other genotype 3 virus 
(e.g. another strain used for vaccine production). Similar studies using a non-
genotype 3 virus are encouraged. These studies may be performed later on in 
the development programme. Issues regarding biocontainment should be taken 
into consideration.

The optimal concentration of challenge virus and the route of 
inoculation which consistently result in disease and/or death in unvaccinated 
mice should be established. The intracerebral route is generally used for 
challenge but the intraperitoneal route may be appropriate for some virus 
strains. Mice are generally challenged with virus at the time of the maximum 
immune response.

B.3 Passive protection studies
Passive protection studies involve the administration of sera from vaccinated 
animals or humans to unvaccinated animals followed by virus challenge as 
described for active protection studies. By this means it may be possible to 
estimate titres of neutralizing antibody raised in response to vaccination which 
correlate with protection. While not necessarily mandatory, such studies could be 
undertaken in conjunction with phase I clinical studies when post-vaccination 
human sera become available.
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B.4 Toxicology
Toxicology studies on vaccines should reflect the maximum clinical dose 
anticipated for use in humans, the route of administration and the anticipated 
schedule.

If a vaccine is to be indicated for use in women of childbearing age, 
reproductive and developmental toxicology studies are recommended. However, 
these are not required if the vaccine is to be recommended only for use in 
children under the age of 12 years.

The addition of any preservative and novel adjuvant requires 
additional toxicological analysis. The absence of detailed toxicology studies 
should be justified. Changes in the manufacturing procedures might require a 
nonclinical assessment.

Part C. Clinical evaluation of new Japanese 
encephalitis vaccines (inactivated) for human use
C.1 General considerations for clinical studies
C.1.1 Clinical development programme
Clinical trials should adhere to the principles described in the Guidelines for 
good clinical practice (GCP) for trials on pharmaceutical products (23) and to 
the Guidelines on clinical evaluation of vaccines: regulatory expectations (4). All 
clinical trials should be approved by the relevant national regulatory authorities.

Some of the issues that are specific to the clinical evaluation of JE 
vaccines are discussed in the following sections. These sections should be read in 
conjunction with the general guidance mentioned above. It is also recommended 
that manufacturers should consult with the relevant national regulatory 
authorities regarding the overall clinical development programme and the plans 
for assessment of immune responses.

This guidance is intended to be applicable to all novel inactivated JE 
vaccines whatever the mode of production (i.e. including use of vectors to express 
viral antigens).

C.1.2 Range of clinical studies
The availability and widespread deployment of effective vaccines in areas where 
JE is endemic makes it unethical to conduct protective efficacy studies (i.e. with 
the end-point of prevention of clinically apparent illness) that compare a group 
given a new JE vaccine with an unvaccinated group. In addition, the use of the 
available JE vaccines has reduced the incidence of clinically apparent infections 
to such an extent that a study with sufficient power to estimate the relative 
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protective efficacy of a new vaccine compared with a licensed JE vaccine would 
require such large sample sizes that it would not be feasible.

As a result, the evaluation of the likely protective efficacy of new JE 
vaccines should be based on evidence derived from active and passive protection 
in animal models (see section B) and on an immunological parameter that is a 
suitable correlate for clinical protection in humans (see General considerations 
and section C.2).

It is important that the immunogenicity of a new JE vaccine should 
be assessed in accordance with the intended mode of use. Ideally, the clinical 
development programme should assess the safety and immunogenicity of the 
new vaccine in cohorts resident in non-endemic, endemic and hyper-endemic 
areas in order to enrol subjects with no pre-existing immunity and subjects 
with varying degrees of pre-existing immunity to JE as a result of previous 
vaccination and/or natural exposure. Some important considerations include 
the following:

 ■ The focus for use of JE vaccines in endemic and hyperendemic 
areas is most likely to be the vaccination of residents from an early 
age. Therefore an adequate assessment of the immunogenicity of a 
new vaccine in children in various age groups is important. Studies 
in the youngest children should generally follow once satisfactory 
assessments of safety and immunogenicity have been obtained in 
adults and older children.

 ■ In endemic and hyperendemic areas a substantial proportion of 
residents may have received JE vaccines in the past. Therefore it 
may be useful to evaluate the ability of a new JE vaccine to boost 
immunity in people who were previously vaccinated with other 
types of JE vaccines. 

 ■ Study design and location should take into consideration the 
existence of cross-reactive immunity between flaviviruses, which can 
influence pre-vaccination and post-vaccination levels of antibody to 
JE virus. For example, past natural infection with dengue or West 
Nile viruses (which may have been subclinical or not diagnosed) and/
or past exposure to, or vaccination against, yellow fever may result 
in detectable antibody to JE virus before any vaccine is administered.

 ■ In contrast, the use of JE vaccine in non-endemic areas is mainly 
intended to protect those who are travelling to endemic regions. 
Thus, although there is a potential for use across all age groups, 
most recipients of JE vaccines in non-endemic areas are likely to be 
non-immune adults.
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C.2 Immunogenicity
C.2.1 Methodology
It is recommended that the primary assessment of the immunogenicity of 
a new JE vaccine should be based on measurement of serum neutralizing 
antibody in pre-vaccination and post-vaccination sera. The PRNT is the most 
commonly used method for measurement of neutralizing antibody. However, 
the PRNT is technically demanding and methods vary between laboratories 
especially regarding choice of cell substrate, incubation conditions, exogenous 
complement, the size of wells and the definition of end-points. Therefore it 
is essential that the methodology employed for determining PRNT titres in 
clinical studies should be fully validated. It is also preferable that a single 
laboratory is used to perform these assays throughout a clinical development 
programme. If this is not possible cross-validation data between laboratories 
should be provided.

Expression of neutralizing antibody titres in terms of the highest 
dilutions of sera before mixing with virus preparation that accomplish a 
50% reduction in viral plaques (i.e. PRNT50) is preferred over the use of 90% 
reduction in plaques (i.e. PRNT90).

Initial studies should seek to establish whether vaccination elicits 
adequate immune responses to the vaccine strain (i.e. homologous virus) 
and should evaluate antibody kinetics. Further studies should evaluate post-
vaccination PRNT50 titres against other (i.e. heterologous) strains of JE virus 
in randomly chosen subsets of sera. There are five JE genotypes. Therefore 
use of heterologous strains of various genotypes of JE virus in PRNT assays is 
encouraged.

Methods that assess total (i.e. including non-functional) antibody 
may also be used during the clinical development programme but the results 
of these tests should be regarded as secondary immunogenicity parameters. 
These methods include haemagglutination inhibition (HI), enzyme-linked 
immunosorbent assay (ELISA) or immunofluorescent antibody (IFA) tests. 
If such tests are performed, any correlation between the results and those of 
PRNT50 should be explored.

Consideration may also be given to the assessment of vaccine-induced, 
cell-mediated immunity. Studies in mice have shown that adoptive transfer 
of T lymphocytes can confer passive protection against viral challenge. Also, 
human CD4 and CD8 cells harvested from vaccinated people can be stimulated 
by JE virus to proliferate in vitro. However current uncertainties regarding the 
interpretation of these data mean that they would also be considered secondary 
immunogenicity parameters.
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C.2.2 End-points and analyses
The primary assessment of immune responses should be based on proportions 
of previously seronegative subjects who reach a PRNT50 titre of at least 1:10 after 
vaccination (see also General considerations).

The primary population should be predefined in the protocol and 
should be selected in accordance with the study objectives. The population 
to be used in the primary analysis of immune responses should usually be 
confined to those subjects who are seronegative for JE virus before vaccination 
(i.e. have PRNT50 titres < 1:10). Therefore, before commencement of a study 
in a particular geographical area, an estimate should be made of the likely 
percentage of subjects who will have pre-vaccination PRNT50 titres ≥ 1:10. In 
some instances it may be appropriate to actively exclude those with a history of 
prior vaccination against JE in order to reduce the likelihood that subjects will 
already be seropositive. Alternatively, or in addition, studies could include a 
screening visit so that a subject’s pre-vaccination serostatus can be determined 
before enrolment and administration of the vaccine.

In people who are seronegative before vaccination, the most appropriate 
primary parameter for assessment of the immune response will be the 
proportion reaching PRNT50 titres ≥ 1:10 after vaccination, which will equal 
the seroconversion rate. Other immune parameters examined should include 
increases in titres after sequential doses, geometric mean titres and reverse 
cumulative distributions of titres. Variability between subjects in the immune 
response should also be reported.

In endemic areas it will be important to obtain some data on safety and 
immunogenicity of the new JE vaccine in subjects who are already seropositive 
owing to previous administration of other JE vaccines and/or to natural 
exposure to JE virus. This is because routine or emergency (i.e. outbreak control) 
vaccination programmes do not determine the serostatus of individuals before 
vaccination. Therefore some studies should plan to enrol and vaccinate subjects 
who are already seropositive. Analyses that include data from all vaccinated 
people regardless of baseline serostatus and which compare responses between 
previously seronegative and seropositive cohorts should be planned. Depending 
on the study design and its objectives, immune responses may also be compared 
between subjects of various ages and/or with certain other demographic 
characteristics.

In people who are seropositive at baseline (i.e. have PRNT50 titres ≥ 1:10) 
the primary assessment of immune responses to vaccination would usually be 
based on proportions achieving substantial increases (e.g. at least a 4-fold rise) 
in titre after one or more doses.

After completion of what is considered to constitute a primary course 
of vaccination, it is vital that assessment of antibody persistence is planned. 
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Therefore protocols should include appropriate long-term serological follow-
up at least in selected cohorts of subjects. Generally it would be expected that 
subjects should be followed for a minimum of 2 years and ideally for up to 5 years 
after completion of the primary series. In endemic areas, antibody persistence 
may reflect past vaccination as well as natural boosting due to exposure to JE 
virus and/or other flaviviruses. Therefore, data on antibody persistence should 
not be extrapolated to non-endemic areas or to other endemic areas with much 
lower or higher risk of exposure to flaviviruses.

Data on antibody persistence should be used to guide the need for 
and response to booster doses. However, it may also be useful to pre-plan for 
administration of a booster dose to selected cohorts at specified times post-
primary. The timing of booster doses may be based on currently approved 
vaccines. Pre-boost and post-boost antibody responses and post-boost follow-up 
are important elements of the overall assessment and will provide evidence of 
past priming with the new JE vaccine.

C.2.3 Dose and schedule
Based on past experience with inactivated JE vaccines it is anticipated that 
more than one dose will be needed to achieve and maintain protection. As with 
all vaccines it is important that sufficient immunogenicity data are generated 
to support the dose of antigen chosen, number of doses and dose intervals. 
However, it is accepted that there are limitations on the number of possible 
regimens that can realistically be explored and so some degree of justification 
for the regimen chosen based on available vaccines may be acceptable.

As a minimum, it is important that an appropriate schedule is identified 
for children in endemic areas taking into account the recommended age from 
which vaccination should commence. If the vaccine is proposed for travellers 
from non-endemic areas, who are very likely to be non-immune, different 
primary vaccination schedules may have to be explored. For example, it may be 
important to study accelerated immunization schedules for people who have to 
travel at very short notice.

As mentioned in section C.2.2, the assessment of the need for optimal 
timing of booster doses should be built into the overall clinical development 
plan. However, as with other vaccines, it is commonly possible to gain an initial 
marketing authorization without specific data on antibody persistence and 
responses to booster doses and to modify the prescribing information at a later 
date whenever sufficient data become available.

C.2.4 Comparative immunogenicity studies
The clinical development programme for a novel JE vaccine should include 
at least one study in which the immune response is compared between the 
candidate and a licensed and widely used JE vaccine. These comparisons should 
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preferably be made in seronegative people since such studies would be more 
sensitive and thus better able to detect any real differences between vaccines.

In some instances it may be useful or necessary to perform studies to 
compare a new JE vaccine against more than one licensed product depending on 
the regions where subjects are enrolled and the JE vaccines that are available. If 
more than one comparative vaccine is used in the same study then the protocol 
should predetermine whether the primary analysis should compare the new 
vaccine with pooled comparative vaccines or with individual comparative 
vaccines. Each of these study designs raises some potentially complex statistical 
issues and expert advice should be sought before finalizing the protocol and 
analysis plan.

The comparison between immune responses to the candidate and to 
the licensed vaccine should be assessed against the respective vaccine strains. 
Immune responses to heterologous strains should also be assessed. The selection 
of the primary immune parameter should take into consideration the points 
made in section C.2.2. Whatever is chosen as the primary parameter, the margin 
of non-inferiority will need very careful justification: published guidance should 
be consulted and expert statistical input obtained. In addition, protocols should 
plan for secondary analyses based on examination of a full range of immune 
response parameters.

Although provision of at least one comparative study would be expected, 
it is recognized that in some countries there is no licensed JE vaccine and in 
others the comparative vaccine or vaccines that are chosen for study may not be 
licensed. Therefore in these countries the regulatory approach to the data from 
such studies may not be the same as in the countries in which at least one of the 
selected comparative vaccines is licensed. As a result, regulators may place less 
emphasis on the demonstration of non-inferiority and relatively more reliance on 
the immune response to the new vaccine especially in relation to PRNT50 titres.

C.2.5 Concomitant vaccinations
As with all vaccines a specific endorsement in the prescribing information for 
co-administration with another vaccine should be supported by clinical data 
(see the WHO guidelines on regulatory expectations for the clinical evaluation 
of vaccines (4).

However, special considerations would arise if it is proposed that a new 
JE vaccine could be co-administered with a vaccine against another flavivirus. 
Yellow fever vaccines are widely available and used and vaccines against dengue 
and West Nile fever are in development. There are some overlaps in endemic 
areas between each of these diseases and JE. The effects of co-administration of 
antigens from closely related flaviviruses on safety and immunogenicity cannot 
easily be predicted. Therefore special care may be needed when considering 
such investigations.
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C.3 Safety
The general approach to the assessment of safety of a new JE vaccine during 
clinical studies should be in accordance with the WHO guidelines on regulatory 
expectations for the clinical evaluation of vaccines (4).

Matters relating to JE vaccines that require particular attention include:

 ■ reactogenicity with sequential doses in the primary series and with 
boosters administered at different intervals;

 ■ comparisons of reactogenicity between subpopulations with or 
without pre-existing antibody to JE virus and/or other flaviviruses 
as a result of natural exposure; and

 ■ comparisons of reactogenicity between persons who have or have 
not been exposed to other JE vaccines and/or other flavivirus vaccines 
in the past.

The second and third items are especially important for actual use since 
pre-vaccination serostatus and the vaccination history may be unknown or 
uncertain.

C.4 Post-licensure investigations
C.4.1 Effectiveness
Because it is not feasible to study the protective efficacy of a new JE vaccine 
before initial licensure, it is highly desirable that plans should be made to assess 
its effectiveness by disease surveillance after its introduction into a vaccination 
programme. However, the following issues need to be taken into consideration:

 ■ Unless a specific JE vaccine were to be the only such product used 
in a country or region the overall effectiveness measured will not be 
product-specific but “campaign-specific”.

 ■ The effectiveness of JE vaccines in a country or region may be heavily 
influenced by pre-existing immunity in the population whether from 
natural exposure or previous vaccination. Therefore it may not be 
possible to extrapolate the findings from one region to another.

 ■ It is not likely to be possible or appropriate for manufacturers to 
conduct studies to estimate vaccine effectiveness since coordinated 
national or regional public health networks and infrastructures 
are necessary to ensure that cases are reliably detected. However, 
manufacturers should discuss arrangements for continuous disease 
surveillance and the potential for estimating effectiveness with the 
relevant national regulatory authorities in the countries where the 
new vaccine is to be used and where reliable surveillance systems 
are in place.
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 ■ Effectiveness data should be used in conjunction with data 
on antibody persistence to identify the need for and timing of 
booster  doses.

C.4.2 Safety
The general considerations for safety surveillance and for development of a 
pharmacovigilance plan are the same as for all other types of medicinal products. 
It is particularly important that data are collected on any vaccine failures.

If particular issues arise during pre-licensure studies or during post-
licensure safety surveillance it may be necessary to conduct specific post-
licensure safety studies and/or to put in place a scheme for enhanced surveillance 
of specific adverse events.

C.4.3 Studies to support change in manufacturing process
Changes in production methods and/or vaccine formulation may sometimes 
require the provision of the results of a comparative clinical study. Such studies 
would usually compare the safety and immunogenicity of the “new” with that of 
the “previous” vaccine. The need for, and the design of, a clinical study intended 
to support the proposed change should be evaluated on a case by case basis after 
a careful assessment of the data provided by a manufacturer. For this reason, 
it is recommended that relevant national regulatory authorities should be 
consulted on all changes before they are implemented since this would enable 
an early appraisal of the likely need for clinical data to be generated. The design 
of a clinical study to support a change will depend on the primary objective. In 
most instances it is likely that the primary or co-primary objective would be to 
demonstrate that the immune responses to the “new” vaccine are non-inferior 
to those elicited by the “previous” vaccine. Further details on demonstrating 
non-inferiority are provided in the Guidelines on clinical evaluation of vaccines: 
regulatory expectations (4).

C.4.4 Studies to support new dosing schedules and a new population
In general any proposed modifications of the mode of use of a vaccine after 
initial licensure would require provision of suitable clinical data. Examples 
include endorsements for use in immunosuppressed, elderly and premature 
populations. In these cases it is usual to perform a comparative safety and 
immunogenicity study to compare vaccination of the population of interest 
with vaccination of the population in which the vaccine is already approved. 
In the case of adding recommendations for booster dose(s), data on antibody 
persistence and post-licensure effectiveness may indicate the need for and 
optimal timing of additional doses.
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Part D. Recommendations for national 
regulatory authorities
D.1 General
The general recommendations for national regulatory authorities provided in 
the Guidelines for national authorities on quality assurance for biological products 
(24) should be followed. These specify that no new biological substance should 
be licensed until consistency of production has been established.

The detailed production and control procedures as well as any change 
to them that may affect quality, safety and efficacy of JE vaccine should be 
discussed with and approved by the national regulatory authority.

D.2 Release and certification
A vaccine lot should be released only if it fulfils Part A of these Recommendations. 
Before any vaccine lot is released from a manufacturing establishment, the 
recommendations for consistency of production provided in the Guidelines 
for national authorities on quality assurance for biological products (24) should 
be met.

A statement signed by the appropriate official of the national regulatory 
authority or national control laboratory should be provided and should certify 
whether or not the lot of vaccine in question meets all national requirements, 
as well as Part A of these Recommendations. The certificate should also state 
the lot number, the number under which the lot was released, and the number 
appearing on the labels of the containers. In addition, the date of the last 
satisfactory potency test as well as the assigned expiry date on the basis of shelf-
life should be stated. A copy of the official national release document should 
be attached.

The purpose of the certificate is to facilitate the exchange of JE 
vaccine between countries.
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Appendix 1

Model summary protocol for Japanese encephalitis 
vaccine (inactivated) for human use

The following protocol is intended to provide general guidance, and indicates 
the information that should be provided as a minimum by the manufacturer 
to the national regulatory authority. The protocol should be accompanied by 
a lot release certificate from the licensing authority which may or may not 
be the country of manufacturing origin. Information and tests may be added 
or deleted as required by the national regulatory authority of the importing 
country, if applicable.

It is thus possible that a protocol for a specific product may differ in 
detail from the model provided. The essential point is that all relevant details 
demonstrating compliance with the licence and with the relevant WHO 
guidance for a particular product should be given in the protocol submitted.

The section concerning the final product should be accompanied by 
a sample of the label and a copy of the leaflet that accompanies the vaccine 
container. If the protocol is being submitted in support of a request to permit 
importation, it should also be accompanied by a lot release certificate from the 
national regulatory authority of the country in which the vaccine was produced 
stating that the product meets national requirements as well as Part A of these 
WHO Recommendations.

It is important to note that satisfactory test results do not necessarily 
imply that the vaccine is safe and effective, since many other factors should be 
taken into account, including the characteristics of the manufacturing facility.

1. Summary information on the finished product (final lot)
International name:  
Trade name:  
Batch number(s):  
Type of container:  
Total number of containers in this batch:  
Number of doses per container:  
Composition (antigen concentration)/volume of  

single human dose:  
Target group:  
Date of expiry:  
Storage temperature:  
Product licence number:  
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Name and address of manufacturer:  
Name and address of product licence holder  

(if different):  

2. Production information
Purified bulk

Site of manufacture:  
Date of manufacture:  

Final bulk
Site of manufacture:  
Date of manufacture:  

Finished product
Site of manufacture:  
Date of manufacture:  

3. Cell banks and virus seeds
The information requested below is to be presented on each submission. Full 
details on cell banks and virus seed lots should be provided upon first submission 
only and whenever a change has been introduced.

3.1 Cell banks
Origin of cell substrate  

Master cell bank (MCB)
Lot number:  
Date of preparation:  
Population doubling level:  

Manufacturer’s working cell bank (MCWB)
Lot number:  
Date of preparation:  
Population doubling level:  

Identification of cell substrate
Method:  
Specification:  
Date:  
Result:  
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Nature and concentration of antibiotics or  
selecting agent(s) used in production cell  
culture maintenance medium:  

Identification and source of starting materials used in preparing  
production cells including excipients and preservatives  
(particularly any materials of human or animal origin  
e.g. albumin, serum):  

3.2. Virus seed
Strain name and short description of history:     

Master seed lot
Lot number:  
Date of preparation:  

Working seed lot
Lot number:  
Date of preparation:  

Number of passages between master and  
working virus seed lots:  

Number of subcultures between working  
seed lot and production:  

3.2.1 Test for each seed lot
Identity

Method:  
Specification:  
Date:  
Result:  

Bacteria and fungi
Method:  
Media:  
Volume inoculated:  
Date (test on – off):  
Result:  
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Mycoplasmas
Method:  
Media:  
Volume inoculated:  
Date (test on – off):  
Result:  

Adventitious agents
Method:  
Specification:  
Date:  
Result:  

Additional tests e.g. virus titration
Method:  
Specification:  
Date:  
Result:  

4. Control cell cultures
Provide information on control cells corresponding to each single harvest.

Ratio or proportion of control to production  
cell cultures:  

Volume of control cells:  
Period of observation of cultures:  
Percentage rejected for non-specific

reasons:  
Result:  

Identity test by DNA fingerprinting (if applicable)
Method:  
Probe:  
Reference cells:  
Restriction enzymes:  
Date (test on – off):  
Result:  

Test for haemadsorbing viruses
Type(s) of red blood cell (RBC):  
Storage time and temperature of RBC:  

WHO_TRS_963.indb   104 11/8/11   11:26 AM



Annex 1

105

Incubation time and temperature of RBC:  
Percentage cultures tested:  
Date (test on – off):  
Result:  

Tests on supernatant fluids for other adventitious agents (if relevant)
Date of sampling from production  
cell cultures:  

Name of production cell:  
Quantity of sample inoculated:  
Incubation temperature:  
Date (test on – off):  
Percentage of viable culture at the end:  
Result:  

Name of human cells:  
Quantity of sample inoculated:  
Incubation temperature:  
Date (test on – off):  
Percentage of viable culture at the end:  
Result:  

Name of other sensitive cells:  
Quantity of sample inoculated:  
Incubation temperature:  
Date (test on – off):  
Percentage of viable culture at the end:  
Result:  

5. Single harvests (or pools)
Batch number(s):  
Date of inoculation:  
Date of harvesting:  
Volume(s), storage temperature, storage time  

and approved storage period:  

Pooling of single virus harvest
Number of single harvests pooled:  
Volume of pooled bulk material:  
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Bacteria and fungi
Method:  
Media:  
Volume inoculated:  
Date (test on – off):  
Result:  

Identity of vaccine virus
Method:  
Specification:  
Date:  
Result:  

Virus content
Method:  
Specification:  
Date:  
Result:  

Consistency of yield
Method:  
Reference preparation:  
Specification:  
Date:  
Result:  

6. Purified bulk
Batch number(s) of inactivated, purified bulk:  
Date(s) of purification(s) and/or inactivation:  
Volume(s), storage temperature, storage time  

and approved storage period:  

6.1 Inactivation
Agent and concentration:  
Temperature:  

Period of inactivation
Date of start of inactivation:  
Date of completion of inactivation:  
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Test for effective inactivation
Method:  
Specification:  
Date:  
Result:  

6.2 Purification of virus
Method of purification:  
Concentration:  

6.3 Tests on purified bulk
Myelin basic protein content (if applicable)

Method:  
Specification:  
Date:  
Result:  

Protein content
Method:  
Specification:  
Date:  
Result:  

Antigen content
Method:  
Specification:  
Date:  
Result:  

Ratio of antigen: protein content
Specification:  
Result:  

Residual DNA (if applicable)
Method:  
Specification:  
Date:  
Result:  

Residual animal serum
Method:  
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Specification:  
Date:  
Result:  

Residual chemical(s)
Method:  
Specification:  
Date:  
Result:  

7. Final bulk
Batch number:  
Date of manufacture:  

Batch numbers and volumes of purified  
bulk vaccines used for the formulation  
of the final bulk vaccine:  

Batch number(s) and volume(s) of bulk alum  
diluent (if applicable):  

Volume, storage temperature, storage time and  
approved storage period:  

Preservatives and other substances –  
name and concentrations:  

7.1 Tests on final bulk
Bacteria and fungi

Method:  
Media:  
Volume inoculated:  
Date (test on – off):  
Result:  

Adjuvants (if applicable)
Method:  
Specification:  
Date:  
Result:  
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Degree of adsorption (if applicable)
Method:  
Specification:  
Date:  
Result:  

Preservative content
Method:  
Specification:  
Date:  
Result:  

Potency
Species, strain, sex and weight  

specifications:  
Dates of vaccination, bleeding:  
Date of assay of each type:  
Batch number of reference vaccine and  

assigned potency:  
Vaccine doses (dilutions) and number of animals  

responding at each dose for each type:  
Specification:  
PRNT50

1 or ED50
2 of reference and test vaccine  

for each type:  
Potency of test vaccine versus reference vaccine for  

each type with 95% fiducial limits of mean:  

8. Final lot
Batch number:  
Date of filling:  
Type of container:  
Filling volume:  
Number of containers after inspection:  

Inspection of final container (appearance)
Method:  
Specification:  

1 Plaque reduction neutralization test.
2 Effective dose (the dosage that produces a desired effect in half the test population).
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Date:  
Result:  

Identity
Method:  
Specification:  
Date:  
Result:  

Bacteria and fungi
Method:  
Media:  
Volume inoculated:  
Date (test on – off):  
Result:  

pH
Method:  
Specification:  
Date:  
Result:  

Osmolarity
Method:  
Specification:  
Date:  
Result:  

General safety (abnormal toxicity)
Method:  
Specification:  
Date:  
Result:  

Protein content
Method:  
Specification:  
Date:  
Result:  

Residual DNA (if applicable)
Method:  
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Specification:  
Date:  
Result:  

Potency
Species, strain, sex and weight  

specifications:  
Dates of vaccination, bleeding:  
Date of assay of each type:  
Batch number of reference vaccine and assigned  

potency:  
Vaccine doses (dilutions) and number  

of animals responding at each dose for  
each type:  

Specification:  
PRNT50 or ED50 of reference and test vaccine  

for each type:  
Potency of test vaccine versus reference vaccine for  

each type with 95% fiducial limits of mean:  

Accelerated thermal stability
Method:  
Specification:  
Date:  
Result:  

Residual moisture (if applicable)
Method:  
Specification:  
Date:  
Result:  

Pyrogenic substances
Method:  
Specification:  
Date:  
Result:  

Residual animal serum albumin
Method:  
Specification:  
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Date:  
Result:  

Preservatives
Method:  
Specification:  
Date:  
Result:  

Adjuvant content (if applicable)
Method:  
Specification:  
Date:  
Result:  

Degree of adsorption (if applicable)
Method:  
Specification:  
Date:  
Result:  

Extractable volume (if applicable)
Method:  
Specification:  
Date:  
Result:  

Freezing point (if applicable)
Method:  
Specification:  
Date: 
Result:  

Other tests
Additional comments (if any):  

A sample of a completed final container label and package insert should be 
attached.
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9. Certification
9.1 Certification by producer
Certification by head of the quality assurance department taking overall 
responsibility for production and control of the final vaccine:

I certify that lot no  of Japanese encephalitis vaccine 
(inactivated) for human use, whose number appears on the label of the final 
container, meets all national requirements3 and satisfies Part  A of the WHO 
Recommendations for Japanese encephalitis vaccine (inactivated) for human use.

Signature:  
Name (typed):  
Date:  

9.2 Certification by the national controller
If the vaccine is to be exported, please provide a copy of the certificate from the 
national regulatory authority as described in section D.2 and by referring to 
the model certificate in Appendix 2, together with a label for a final container 
and a leaflet containing instructions for users.

3 If any national requirement(s) is (are) not met, specify which one(s) and indicate why release of the lot 
has nevertheless been authorized.
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Appendix 2

Model certificate for the release of Japanese encephalitis 
vaccine (inactivated) for human use

Certificate No.  

Lot release certificate
The following lot(s) of Japanese encephalitis vaccine (inactivated) for human 
use produced by 1 in ,2 whose numbers 
appear on the labels of the final containers, meet all national requirements3 
and Part  A4 of the WHO Recommendations for Japanese encephalitis vaccine  
(inactivated) for human use ( ),5 and comply with Good manufacturing 
practices for pharmaceutical products: main principles6 and Good manufacturing 
practices for biological products.7

As a minimum, this certificate is based on examination of the summary 
protocol of manufacturing and control.

Final lot no. No. of released human 
doses in this final lot

Expiry date

The Director of the National Regulatory Authority (or Authority as appropriate):

Name (typed)  
Signature  
Date  

1 Name of manufacturer.
2 Country of origin.
3 If any national requirements are not met, specify which one(s) and indicate why release of the lot(s) has 

nevertheless been authorized by the national regulatory authority.
4 With the exception of provisions on distribution and shipping, which the national regulatory authority 

may not be in a position to assess.
5 WHO Technical Report Series, No. 963, 2011, Annex 1.
6 WHO Technical Report Series, No. 908, 2003, Annex 4.
7 WHO Technical Report Series, No. 822, 1992, Annex 1.
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Appendix 3

General scheme for the preparation of Japanese 
encephalitis vaccines (inactivated) for human use

Stage  Procedures  Tests

Single harvest

(1 production run)

•  Cell culture-derived 
vaccine —   •  Sterility

•  Identity
•  Virus content•  Mouse brain-derived 

vaccine
Inactivation  

Purified bulk 

(1 or more pooled harvests)

  Filtration or continuous 
centrifugation   •  Inactivation

•  Myelin basic protein
•  Protein content
•  Antigen content
•  Residual DNA
•  Residual animal serum
•  Residual chemicals

•  Cell culture derived 
vaccine 

  Inactivation  

  Purification  

•  Mouse brain derived 
vaccine 

Purification  

Final bulk

(1 or more pooled purified 
bulks)

Addition of 
preservatives and 
stabilizers

•  Sterility
•  Adjuvant content if applicable
•  Preservative content
•  Potency

Final lot Filling •  Inspection of final containers
•  Identity
•  Sterility
•  pH
•  Osmolarity
•  General safety
•  Protein content
•  Residual DNA
•  Potency
•  Accelerated stability
•  Residual moisture
•  Pyrogenicity
•  Residual animal serum
•  Preservative content
•  Adjuvant content if applicable
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Introduction
Strategies to shorten the time between emergence of a human influenza 
pandemic virus and the availability of safe and effective pandemic influenza 
vaccines are of the highest priority in global health security. One fundamental 
component of such a strategy is to promote convergence between national 
regulatory authorities on regulatory evaluations to assure the quality, safety 
and efficacy of human vaccines that will be used for pandemic influenza. The 
World Health Organization (WHO) with support from Health Canada, the 
United States Food and Drug Administration (US FDA), the Government 
of Japan and the Government of Spain convened three technical workshops 
with representatives of national regulatory authorities from a broad range 
of countries, including vaccine-producing countries and countries that have 
indicated an interest in exploring influenza vaccine production.

The goal of these workshops was to build a global network of key 
authorities engaged in and responsible for influenza vaccine regulation and to 
develop guidelines on regulatory preparedness for pandemic influenza vaccines. 

These guidelines have been prepared based on discussions at the three 
workshops and the information available at the time of writing. Although 
several regulatory dossiers have been evaluated, the scientific knowledge base 
concerning pandemic influenza vaccines is rapidly evolving. Therefore, the 
guidelines may be updated as new knowledge and approaches become available. 
Any revisions to the guidelines will be published on the WHO website (http://
www.who.int/biologicals/).

To address the pressing need for a global agreement on information 
sharing, the World Health Assembly of May 2007 urged Member States and 
the Director-General to pass a resolution on preparedness for pandemic 
influenza specifically in the areas of sharing of influenza viruses and other 
relevant information, access to vaccines, and other benefits. Recognizing the 
importance of global information sharing related to regulatory preparedness 
for pandemic influenza vaccines, WHO is investigating different mechanisms to 
facilitate this process.

General considerations
The guidelines are intended to provide both national regulatory authorities and 
vaccine manufacturers with the most up-to-date advice concerning regulatory 
pathways for pandemic influenza vaccines; regulatory considerations to take 
into account in evaluating the quality, safety and efficacy of vaccine candidates; 
and requirements for effective postmarketing surveillance of pandemic 
influenza vaccines.

These guidelines are intended to cover the following scenarios.
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Vaccines that are developed during the inter-pandemic period in 
anticipation of an influenza pandemic. These vaccines contain an influenza A 
virus subtype not currently circulating in humans. Throughout this document 
these vaccines are referred to as vaccines against novel human influenza viruses. 
It is anticipated that the development and regulatory evaluation of these vaccines 
will facilitate the licensing of pandemic influenza vaccines once a pandemic is 
declared and the pandemic human influenza A virus strain is identified.

Vaccines that are developed for stockpiling purposes. WHO and 
some countries are considering establishing stockpiles of vaccines against 
novel human influenza viruses as part of their plans for pandemic influenza 
preparedness. Where applicable, special considerations for candidate vaccines 
intended for stockpiling are noted within the guidelines.

Vaccines that are developed once an influenza pandemic is declared. 
These vaccines can only be developed once the pandemic human influenza A 
virus strain is identified. It is expected that the regulatory evaluation of 
these vaccines will rely largely on information collected during the inter-
pandemic period.

Some countries are discussing the use of vaccines against novel 
human influenza viruses before a pandemic is declared. As the risk–benefit 
considerations are different in this situation from intended use after a pandemic 
is declared, special regulatory provisions are outlined in the guidelines. 
However, the provision of this advice should not be interpreted as any sort of 
endorsement of, or recommendation for, the use of such a vaccine before a 
pandemic is declared. Any decisions to recommend the use of human influenza 
vaccines containing influenza A virus strain(s) with pandemic potential before 
a pandemic is declared should be in line with national policies and are solely 
the responsibility of individual governments and their public health authorities.

These guidelines are intended to cover both inactivated influenza 
vaccines and live attenuated influenza vaccines (LAIV) produced in either 
embryonated chicken eggs or in cell cultures. The principles outlined in the 
guidelines will also apply to novel production systems for influenza vaccines 
currently under development, such as vaccines comprising influenza proteins 
expressed in various genetically engineered constructs. However, there may be 
additional quality control and regulatory considerations that need to be taken 
into account for such vaccine candidates.

Part A. Definitions
A.1 Terminology
For clarity and consistency of the guidelines, the following terms relating to 
human influenza vaccine have been used:
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Candidate vaccine: a prospective influenza  A virus vaccine which 
is in the research and clinical development stages and has not been granted 
marketing licensure by a regulatory agency.

Pandemic influenza vaccine: a monovalent vaccine containing the 
human influenza A virus strain recommended by WHO for use either when a 
pandemic is considered by WHO to be imminent (potentially pandemic phases 
4 or 5) or during a pandemic (pandemic phase 6).

Seasonal influenza vaccine: a trivalent vaccine containing the two 
influenza A strains and one influenza B virus strain recommended annually by 
WHO for use in seasonal influenza vaccination.

Vaccines against novel human influenza viruses: a monovalent 
vaccine containing a human influenza  A virus strain that is not in general 
circulation among human populations, but the virus is considered to pose a 
threat of infection in humans and to be a potential cause of a pandemic. The 
term “novel” refers to the human influenza A virus. An H5N1 vaccine is one 
specific example of a vaccine against novel human influenza viruses, but 
vaccines based on other influenza A virus subtypes (e.g. H7 or H9) would also 
apply. There are several potential ways in which such vaccines might be used, 
including stockpiling, the vaccination of selected individuals to provide direct 
protection against the specific influenza  A virus in non-pandemic situations, 
or priming human populations in the inter-pandemic period in the situation 
in which the likelihood of a pandemic related to that specific influenza A virus 
is considered high. Vaccines against novel human influenza viruses are also 
referred as “pre-pandemic” and “pandemic-like” vaccines by some regulators 
and manufacturers.

WHO prequalification: the process by which WHO assesses the 
acceptability of vaccines for purchase by UN agencies. Prequalification 
ensures that vaccines purchased by UN agencies are consistently safe and 
effective under conditions of use for national immunization programmes. 
WHO prequalification provides a single standard against which products 
from manufacturers can be assessed and so provides a basis upon which 
emerging suppliers can compete on international markets. Information 
on WHO prequalified vaccines can be used by countries directly procuring 
vaccines as an independent verification of quality. A WHO prequalification 
process already exists for seasonal influenza vaccines,1 and processes are being 
developed for vaccines against novel human influenza viruses and pandemic 
influenza vaccines.

1 Special considerations for the expedited procedure for evaluating seasonal influenza vaccine (http://
www.who.int/immunization_standards/vaccine_quality/final_expedited_procedure_flu_240207.pdf ).
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A.2. Acronyms
AEFI  adverse event following immunization
CBER  Center for Biologics Evaluation and Research 
EMEA  European Medicines Agency
EU  European Union
GBS  Guillain-Barré Syndrome 
GISN  Global Influenza Surveillance Network
GMP  good manufacturing practices
GMT  geometric mean titre 
HA  haemagglutinin
HI  haemagglutination inhibition 
ICH International Conference on Harmonisation of Technical 

Requirements for Registration of Pharmaceuticals for Human Use 
LAIV  live attenuated influenza vaccines
LAL.  Limulus amoebocyte lysate
NCL  national control laboratory
NRA  national regulatory authorities
PIC/S  Pharmaceutical Inspection Cooperation Scheme
PSR  periodic safety reports
QC  quality control
SRID  single radial immunodiffusion test
USA  United States of America 
US FDA  United States Food and Drug Administration
WHO  World Health Organization

A.3  Background on vaccines against novel 
human influenza viruses

A vaccine against a novel human influenza virus is designed to confer protection 
against an influenza  A virus that is not currently circulating in human 
populations. It contains viral antigens which differ from those used in current 
or recent seasonal influenza vaccines and to which humans are immunologically 
naïve. It is anticipated that, in the case of an influenza pandemic, the demand 
for vaccine will far exceed current supply. Thus, a diversity of technical solutions 
and manufacturing options, which differ from those used in current or recent 
seasonal influenza vaccines, are also under intensive investigation.

Current production of vaccines against novel human influenza viruses 
depends entirely on the manufacturing facilities producing seasonal influenza 
vaccines. Based on a situational analysis, in 2006, potential vaccine supply in the 
case of an influenza pandemic will fall short by several billion doses that would 
be needed to provide protection to the global population. In response to these 
shortcomings, WHO has developed a Global Action Plan for human pandemic 

WHO_TRS_963.indb   122 11/8/11   11:26 AM



Annex 2

123

influenza vaccines to identify and prioritize practical solutions to fill the 
anticipated gaps in vaccine supply. The plan aims to promote increased capacity 
for production of pandemic influenza vaccines to narrow the anticipated gap 
between potential demand for vaccine and supply during an influenza pandemic. 
The plan proposes to increase capacity for the production of pandemic influenza 
vaccine by reaching beyond current seasonal influenza vaccine producers. 
Consequently, it is anticipated that influenza vaccine will be produced by new 
influenza vaccine manufacturers over the next few years.

Supported by the laboratories of the WHO Global Influenza Surveillance 
Network (GISN), manufacturers who intend to produce vaccines against novel 
human influenza viruses or pandemic influenza vaccines are expected to use 
vaccine strains that match circulating inter-pandemic or pandemic influenza A 
variant viruses.

Steps to improve industrial preparedness for an influenza pandemic 
range from the construction of new production plants meeting higher biosafety 
standards, through investigation of antigen-sparing technologies (i.e. adjuvants), 
to the development of candidate vaccine prototype libraries. Some steps taken 
to develop pandemic influenza vaccines are expected to influence production 
of seasonal influenza vaccine. Some countries are potentially considering the 
use of veterinary vaccine production facilities during a pandemic to address 
their shortage of a human influenza vaccine supply. These new approaches may 
expedite vaccine production on a larger scale in a pandemic situation, making 
vaccine potentially available weeks before it could be supplied by conventional 
manufacture (1).

At a WHO meeting in 2007 (2), 16 manufacturers from 10 countries 
reported that they were developing prototype vaccines against H5N1 influenza 
A viruses. Five manufacturers were also involved in the development of 
vaccines against other avian influenza viruses (H9N2, H5N2, and H5N3). Most 
manufacturers reported using reference vaccine strains corresponding to viruses 
provided by WHO Collaborative Centres. More than 40 clinical trials, mostly 
focusing on healthy adults, had been completed or were in progress. After 
completing safety analyses in adults, some manufacturers had initiated clinical 
trials in the elderly and in children. All vaccines tested to date were safe and well 
tolerated by all age groups. Most of the data obtained were from trials in healthy 
adults and further studies in children, the elderly and the immunosuppressed 
were considered necessary.

Most vaccine immunogenicity data have been generated from the use 
of egg-grown influenza vaccines. Whole virion preparations appear to be more 
immunogenic than equivalent doses of split vaccine. Split vaccines with alum 
as adjuvant, in striking contrast to some of the more promising whole virion 
vaccines with alum as adjuvant, show modest increases in immunogenicity 
over unadjuvanted vaccines not allowing significant dose sparing. Some split 
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vaccines formulated with newer adjuvants show encouraging immunogenicity, 
which would be likely to allow dose sparing. Some studies have demonstrated 
that vaccination with currently available H5N1 prototype vaccines induced 
a potentially protective immune response against highly pathogenic strains 
of H5N1 virus isolated at different times and different geographical locations. 
Because of the inherent variability in the assay systems used to measure immune 
responses, it is unwise to directly compare results from different studies.

The cell culture approach does not rely on embryonated chicken eggs for 
manufacture, thus allowing for faster (but not infinite) scale-up. Provided that 
the required biosafety levels can be guaranteed, cell cultures offer the potential 
to work with pandemic influenza A virus strains that would be lethal to eggs 
without genetic modification. A potential limitation of the cell culture approach 
is that the process may still require the production of high-yield reassortants. 
Multiple passage in tissue culture may introduce cell-line-specific mutations in 
viral genes that can lead to selection of variants with antigenic and structural 
changes in the HA protein, potentially resulting in less efficacious vaccines. 
Regulatory issues would include the presence of potential adventitious agents 
in mammalian cells and unknown side-effects caused by residual host cell and 
media proteins in combination with new adjuvants (e.g. oil in water emulsions).

Some constraints could be overcome by using recombinant DNA 
technology to produce HA and NA viral antigens in cell culture. These purified 
antigens would, in turn, be used as the active ingredients in vaccines against 
novel human influenza viruses and/or pandemic influenza vaccines. Further 
information is needed to determine whether the recombinant DNA approach 
to production of influenza vaccine would meet the challenge of a potential 
pandemic. Nevertheless, the principles outlined in this document would also 
apply to such novel vaccine production systems, although additional regulatory 
considerations may need to be taken into account owing to the recombinant 
nature of these vaccine candidates.

Based on a WHO situational analysis, live attenuated influenza vaccine 
(LAIV) technology might be more appropriate for production of pandemic 
influenza vaccines because it requires less complex downstream processing 
than that needed for inactivated vaccines. Thus, the WHO Global Action Plan 
encourages increased production and technology transfer of LAIV.

However, it should be noted that unresolved potential concerns 
related to public and animal health are associated with live attenuated 
vaccines against novel human influenza viruses. They relate to whether, even 
if unlikely, shed vaccine virus containing novel antigens could recombine with 
circulating influenza viruses to become pathogenic and spread to human or 
animal populations. This type of environmental concern would not exist during 
a pandemic.
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A.4 Background on seasonal human influenza vaccines
Four types of seasonal inactivated influenza vaccine, defined in the WHO 
Recommendations for the production and control of influenza vaccine (inactivated) 
(3), are currently available or have been used extensively:

 ■ a suspension of whole virus particles inactivated by a suitable method; 
 ■ a suspension treated such that the virus particles have been partially 

or completely disrupted by physicochemical means (split vaccine); 
 ■ a suspension treated so that the preparation consists predominantly 

of haemagglutinin and neuraminidase antigens (subunit vaccine); 
 ■ a suspension of whole virus particles, split or subunit components 

formulated with an adjuvant.

Inactivated, adjuvanted whole-virion vaccine against seasonal influenza 
is used in at least one country (4); however, most countries use split virion or 
subunit non-adjuvanted inactivated vaccines. Although they are in general less 
reactogenic, purified influenza virus surface antigens are less immunogenic 
than purified whole virion vaccines in immunologically naïve individuals 
(e.g. small children and people with no contact with circulating influenza 
viruses) (5). Individuals with residual immunity display a booster rather than 
a primary immunization effect post re-vaccination. These observations define 
the current understanding of split or subunit seasonal influenza vaccines, as 
they must be given annually to boost the immune system against seasonally 
circulating virus strains.

All seasonal inactivated influenza vaccines are formulated to meet the 
WHO requirements of not less than 15 micrograms of haemagglutinin subtype 
per human dose (3). Currently, most companies produce their vaccine(s) 
by growing the virus in embryonated chicken eggs. Manufacturers are also 
developing a number of cell culture-based technologies to produce subunit 
inactivated seasonal influenza vaccines. The continuous cell lines currently used 
include Vero cells, which are widely used in the manufacture of other vaccines, 
the Madin Darby Canine Kidney (MDCK) cell line and others which are less 
extensively used as a substrate for human vaccine.

At least two countries use live attenuated seasonal influenza vaccines in 
immunization programmes. There is preliminary evidence that live attenuated 
seasonal influenza vaccines produced in embryonated chicken eggs might 
be more efficacious than unadjuvanted and inactivated seasonal influenza 
vaccines. LAIV have been shown to be more effective in immunologically naïve 
individuals, i.e. children under the age of 2 years with no residual immunity 
towards influenza virus antigens. Efficacy trials in this age group revealed 
vaccine efficacy (defined as preventing laboratory-confirmed influenza 
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infection) exceeding 90% after one dose against influenza virus strains 
homologous to the vaccine antigens. These findings are in strong contrast to 
those for use of inactivated seasonal influenza vaccines in this age category (6). 
Further studies on protection against heterogonous virus and minor variants as 
well as evidence of induction of herd immunity through childhood vaccination 
are required. A review of the safety of LAIV in high-risk patients (such as those 
with asthma, those who are immunocompromised, and the very young and the 
elderly) would also be beneficial.

Part B. Regulatory pathways for licensing 
vaccines against novel human influenza 
viruses and pandemic influenza vaccines
B.1 General remarks
This section is intended to aid countries in assessing their state of regulatory 
preparedness for pandemic influenza vaccines, and to identify what may be 
needed to establish an appropriate regulatory pathway. This section:

 ■ describes possible regulatory pathways to be considered by national 
regulatory authorities in licensing vaccines against novel human 
influenza viruses and for licensing pandemic influenza vaccines;

 ■ identifies existing regulatory methods in the process of licensing 
vaccines against novel human influenza viruses and pandemic 
influenza vaccines; and

 ■ delineates regulatory areas with potential for international 
harmonization.

B.2 Current regulatory approaches
The regulatory approaches for pandemic influenza vaccines in Australia, 
Canada, the European Union, Japan and the United States (US) were analysed in 
detail. These national regulatory authorities have defined regulatory pathways for 
the licensure of influenza vaccines for use in a pandemic situation. Emergency 
options have also been identified should a pandemic influenza vaccine be 
needed before the vaccine has been licensed.

An outline of existing regulatory pathways, including key scientific and 
administrative elements in the licensing process for pandemic influenza vaccines 
of the five national regulatory authorities is presented in Appendix 1. This will 
aid national regulatory authorities in all countries to determine, in advance 
of a pandemic, the extent of their regulatory capabilities and authority, and to 
make changes to regulations or pursue mechanisms to obtain or use additional 
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regulatory authority in an emergency situation, as needed and deemed feasible. 
Countries without an appropriate regulatory pathway are strongly encouraged to 
take action as a matter of urgency.

B.2.1 Commonalities of five selected national regulatory authority pathways
The following characteristics are common to the five national regulatory 
authorities studied or are similar with respect to the licensure of a pandemic 
influenza vaccine:

 ■ All have a clear legal basis and mandate to develop regulatory 
requirements for these products.

 ■ All have domestic vaccine manufacturers and one or more 
approved seasonal influenza vaccine(s).

 ■ All have an inspectorate qualified to conduct inspections of good 
manufacturing practices (GMP), most using the Pharmaceutical 
Inspection Cooperation Scheme (PIC/S). (The US applied recently 
for PIC/S membership; Japan is not a PIC/S member.) 

 ■ All have outlined regulatory pathways for the licensing of pandemic 
influenza vaccines thus giving individual companies a predictable 
environment for planning vaccine development and production.

 ■ All have regulatory provision to request postmarketing surveillance 
studies if needed.  

 ■ All have proposed a flexible approach to the receipt and review of 
information as part of the licensure of pandemic influenza vaccine.

 ■ All have issued government contracts to manufacturers to produce 
investigational vaccines and conduct clinical trials. Contracts have 
been signed at a national level in Europe and the United States.

 ■ All will include review of information on a vaccine against novel 
human influenza virus as part of the licensure process.

 ■ All will utilize immunogenicity as a likely predictor of efficacy and 
seek postmarket confirmatory evaluation of effectiveness.

 ■ All agree that wherever possible, the manufacturing, safety, quality 
and immunogenicity of pandemic vaccines should be evaluated as 
fully as possible before an influenza pandemic.

 ■ All have identified emergency use options and provisions, including 
evaluating potential risks and benefits should a pandemic influenza 
vaccine be needed for use before the licensure process can be 
completed (e.g. when there are limitations of the data available that 
would be required to support licensure).
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B.2.2 Differing features of five selected national 
regulatory authority pathways

The similarities and differences in regulatory pathways for human influenza 
vaccine are presented in these guidelines to provide information to national 
regulatory authorities and manufacturers and should not be considered as 
indicating WHO’s endorsement of any specific regulatory pathway.

Europe, the US, Australia and Japan plan to license inactivated vaccines 
against novel human influenza viruses. Canada has no current plans to license 
such vaccines; however, data on a vaccine against novel human influenza 
virus will be required to support licensure of a pandemic influenza vaccine. 
Modifications of the mechanism of licensure for a vaccine against novel 
human influenza virus are being explored to facilitate, if necessary, Canada’s 
contribution to a WHO vaccine stockpile.

There are two regulatory pathways that can be followed depending 
on the intended use of a vaccine against a novel human influenza virus in 
Europe. On one pathway, the vaccine against a novel human influenza A virus, 
although approved via a core pandemic dossier in the interpandemic period, 
is not intended to be used or marketed before the pandemic is announced. 
Once pandemic influenza is declared, the matching pandemic influenza A 
virus strain would be supplanted in the core dossier and undergo fast track 
approval of a pandemic variation. On the second pathway, where a vaccine for 
a novel human influenza A virus is intended to be used before the pandemic is 
declared, special regulatory provisions apply. Refer to the European Medicines 
Agency (EMEA) Guideline on dossier structure and content of marketing 
authorization applications for influenza vaccines with avian strains with a 
pandemic potential for use outside of the core dossier context (EMEA/CPMP/
VEG/4717/2003- Rev.1, available at http://www.emea.europa.eu/pdfs/human/
vwp/471703enfin.pdf). EMEA guidance regarding licensure of vaccines for 
novel human influenza viruses is limited to inactivated vaccines. No guidance 
exists for LAIV.

In the US, all submissions for initial licensure of a vaccine against novel 
human influenza viruses or a pandemic influenza vaccine would be submitted 
in the form of a Biologics License Application (BLA). This allows for separation 
of trade names and segregation of reporting of adverse events from those of 
seasonal influenza vaccines. The amount of data required by FDA from the 
manufacturer for submission with its application for a licence for a pandemic 
influenza vaccine would depend on whether the manufacturer already has a 
licensed influenza vaccine and intends to use the same manufacturing process 
for its pandemic vaccine.

Japan’s approval of vaccines against novel human influenza viruses 
intended to be used during both inter-pandemic and pandemic phases is given 
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based on the quality, nonclinical and clinical data on the potential pandemic 
influenza vaccine. The application must contain data on the vaccine which is 
produced with the potential pandemic influenza A virus strain.

Canada has entered into a contract with one domestic supplier to 
provide enough pandemic influenza vaccine for the entire Canadian population; 
therefore, regulatory preparedness is based on the concept of a single supplier. 
The regulatory preparedness of Australia, Japan, the USA and the EMEA is 
based on several suppliers.

Europe and the USA have numerous guidance documents related to 
pandemic influenza vaccines. Australia follows many EU and USA guidance 
documents and Canada has recently developed a guidance document for 
pandemic influenza vaccine manufacturers. Japan has published a policy 
document on the H5N1 vaccine regulatory process. In May 2007, the USA issued 
the following documents: Guidance for industry: clinical data needed to support 
the licensure of pandemic influenza vaccines and Guidance for industry: clinical 
data needed to support the licensure of seasonal inactivated influenza vaccines. 
See Appendix 2 for an inventory of guidance documents from selected national 
regulatory authorities and WHO.

B.3 Towards a harmonized regulatory pathway
A harmonized regulatory process would facilitate (but is not a prerequisite for):

 ■ the availability of pandemic influenza vaccine in a timely manner on 
a global scale;

 ■ WHO prequalification of pandemic influenza vaccines; and 
 ■ the ability to distribute pandemic influenza vaccine between 

countries.

However, transfer of virus seed strains, particularly wild type virus 
strains, or bulk materials in and out of some countries could be hampered 
without the cooperation of internal national regulatory authorities and national 
security agencies. Dialogue and agreements between interested parties within a 
country will be essential for international harmonization.

Furthermore, harmonization may allow the establishment of global 
emergency options and criteria for invoking them in an influenza pandemic 
situation.  

While harmonization may be the ultimate goal, it may not always be 
fully possible or desirable for all. Individual governments have the responsibility 
for implementing their own national pandemic influenza preparedness plans. 
All countries will be constrained somewhat by the existing laws and regulations 
concerning licensure and use of vaccines within their territory. While it may be 
possible for some countries to acquire new, additional regulatory capabilities to 
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address a pandemic, for others this may not be possible or may be possible only 
once a pandemic has been declared.

The extent to which harmonization is possible depends on the 
following factors:

Agreement on core data requirements

Agreement on core data requirements Recommendations pertaining to core 
quality, nonclinical, clinical, and postmarketing specifications, as outlined 
in subsequent sections of this document, are agreed as the international 
expectations for regulatory evaluations of vaccines against novel human 
influenza viruses, candidate influenza vaccines intended for stockpiling, and 
subsequent pandemic influenza vaccines. It is recognized that the pathways 
for vaccine licensure and use may differ between jurisdictions. National 
regulatory authorities are encouraged to limit requests for additional data 
to those that are clearly justified to address safety and/or efficacy concerns 
unique to that jurisdiction.

WHO prequalification of vaccines against novel human influenza viruses,  
pandemic and seasonal influenza vaccines

In 2007, WHO established a process to prequalify seasonal influenza vaccines 
which would undoubtedly assist in the evaluation of vaccines against novel 
human influenza viruses and of pandemic influenza vaccines in due course. 
While there is no guarantee that any manufacturer will be able to supply 
vaccine to a non-domestic market, prequalification will enhance the level of 
regulatory confidence in an influenza vaccine should a pandemic arise and 
would ultimately enhance vaccine availability. The prequalification process 
will include specific modifications for vaccines against novel human influenza 
viruses and pandemic influenza vaccines. This process would be based on the 
existing WHO “Special considerations for expedited procedure for evaluating 
seasonal influenza vaccines”.2

In addition to aiding developing countries with their pandemic 
preparedness, prequalification would help national regulatory authorities in 
acquiring alternative non-domestically produced influenza vaccines in the 
event of a shortage of vaccine supply. Prequalification would help identify 
vaccine sources particularly available to developing countries and ensure 
that only vaccines of assured quality were used. Prequalification would also 
provide a level of assurance that any vaccine exported from a country, even if 

2 http://www.who.int/immunization_standards/vaccine_quality/final_expedited_procedure_
flu_240207.pdf
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not manufactured for domestic use, would be of acceptable quality as defined 
by WHO.

Upon declaration of a pandemic there will be a lag time before any 
vaccine becomes available. Vaccines against novel human influenza viruses 
could be the only vaccines available to developing countries, particularly 
those most affected during the early stages of the pandemic. With various 
manufacturers proceeding to developing vaccines against novel human 
influenza viruses with H5N1 strains, potential uses of the vaccine must be 
maximized in the early stages of a pandemic. Stockpiling vaccines against novel 
human influenza viruses is an option for preparedness for pandemic influenza; 
this approach is being pursued or is under consideration by some countries and 
WHO. Prequalifying bulk producers and “finishers” as well as stockpiling bulk 
material should also be considered. WHO prequalification of vaccines against 
novel human influenza viruses could enhance the ability of countries to accept 
supplies of such vaccines and may expedite the prequalification of pandemic 
vaccines following identification of the pandemic virus strain.

Information sharing

It is imperative that mechanisms be in place for national regulatory authorities 
and vaccine manufacturers to share data from clinical trials with different 
vaccine types (e.g. whole virion, split antigen or subunit vaccines and cell 
culture derived vaccines), formulations (e.g. antigen content, adjuvants) and 
dosing schedules to establish the most appropriate pandemic vaccine for a 
particular use (e.g. in a pandemic emergency, for priming vaccination or for 
stockpiling). This information could be used by other countries or regions 
in making decisions regarding their pandemic preparedness and vaccine 
licensure plans.

It should be recognized that vaccine development in the inter-pandemic 
phase will provide important information for developing countries to use in 
their pandemic response. As some of these countries are planning to proceed 
directly to manufacturing pandemic influenza vaccine (without an inter-
pandemic step), information sharing between national regulatory authorities 
and developing countries is essential to maximize successful vaccine production 
to achieve the best possible vaccine quality, safety and effectiveness throughout 
the global community.

Although vaccine manufacturers should be prepared to respond to an 
expectation that information would be shared freely with other key stakeholders 
(e.g. WHO, national regulatory authorities, national control laboratories and 
public health authorities), the key areas in which data should be shared could 
be identified in advance. For example, in a pandemic situation the key strengths 
would be production capacity, production speed, rapid availability of reagents 
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and low cost. The key strengths for an inter-pandemic stockpile could be long-
term stability and strain cross-protection.

Taking into account national laws and regulations and under clearly 
defined terms, vaccine manufacturers and national regulatory authorities should 
work together on defining a process for regulatory information sharing. WHO is 
investigating various mechanisms to facilitate this process.

Standard process

Building on the aforementioned factors necessary for harmonization of 
regulatory pathways, the skeleton of a standard process for authorization of 
pandemic influenza vaccine can be developed and is provided as Appendix 3 to 
this document. It may be that not all steps of the process may be necessary or 
possible for a particular jurisdiction to follow; however, they can be used as a 
guide. It is important to highlight steps where the global sharing of information 
is critical.

B.4 Criteria for emergency use
The global regulatory community agrees that as many data as possible should 
be obtained in the inter-pandemic period with the goal of licensing candidate 
pandemic influenza vaccines. Since the likelihood, timing and speed of spread of 
a pandemic cannot be predicted, a high probability exists that all necessary data 
may not be available. Hence, it will not be possible for the full licensure process 
requirements to be met before the vaccine is needed. In such instances, some 
sort of emergency use evaluation and authorization process may be required.

Although it is desirable that internationally accepted emergency use 
release criteria be established, a number of difficulties exist. Firstly, existing 
laws and regulations within each jurisdiction will dictate what, if any, 
emergency options are available. While some national regulatory authorities 
may have a range of regulatory options for emergency use, those of other 
countries may be more limited. It is recommended that countries carefully 
review the options available to them and implement any corrective measures 
needed as soon as possible.

Secondly, once the need to invoke emergency options is determined, the 
choice of usable options will depend on availability of data on the vaccine, if 
any, and the extent of vaccine distribution under such an option. A developing 
country at the source of an influenza pandemic may need to initiate a large-
scale immunization campaign. Other countries may use the emergency option 
only for certain population groups to be immunized on a priority basis. 
Therefore, instead of establishing criteria based on population data before using 
an emergency option, it is the available data which dictate what option for 
emergency use is most suitable.
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In the case that pandemic vaccines are unavailable upon the declaration 
of a pandemic, the use of cross-protective vaccines against novel human 
influenza viruses of assured quality and safety, with proven preclinical efficacy 
and safety, and satisfactory supporting clinical data from manufacturers of 
prequalified influenza vaccine would be advisable. Vaccines against novel 
human influenza viruses of assured quality could be the only vaccines available 
to developing countries, particularly those most affected early in the pandemic. 
Vaccines against novel human influenza viruses would be used only in case of 
emergency, i.e. a national disaster, and after approval by the ministry of health, 
when a specific pandemic vaccine, produced using the same manufacturing 
process as seasonal influenza vaccines, is not available.

Regulatory pathways for human pandemic influenza vaccines are 
outlined in Appendix 3. A proposed standard process to guide jurisdictions on 
the use of an emergency option is provided in Appendix 4 to these guidelines.

Part C. Regulatory considerations for the 
development and evaluation of vaccines 
against novel human influenza viruses
C.1 Quality and manufacturing
C.1.1 General manufacturing requirements
The following general requirements should apply to all manufacturers:

 ■ The general manufacturing requirements contained in the WHO Good 
manufacturing practices for biological products (7) should apply 
to establishments manufacturing vaccines against novel human 
influenza viruses.

 ■ Supported by laboratories of the WHO’s GISN, companies that 
intend to produce vaccines against novel human influenza viruses 
are expected to use reference vaccine strains that match a wide range 
of circulating influenza A variant viruses.

 ■ Production and handling of live influenza viruses during the initial 
stages of manufacture of inactivated vaccines against novel human 
influenza viruses require an appropriate containment facility 
(biosafety level) as defined in the WHO biosafety risk assessment 
and guidelines for the production and quality control of human 
influenza pandemic vaccines (8). Independent evidence that a 
manufacturer is complying with the appropriate biosafety standard is 
also required. The responsiblity for assessing compliance may differ 
between jursidictions. Where applicable, the national regulatory 
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authority and the agency responsible for biosafety inspections 
should work together.

 ■ Quality specifications for production and control of egg-grown 
and tissue culture-grown inactivated vaccines against novel 
human influenza viruses and pandemic influenza vaccines exist 
in WHO publications. Current WHO recommendations for the 
production and control of inactivated influenza vaccines (3) 
including the specifications for pandemic influenza vaccine should 
be met. However, if indicated by a risk–benefit analysis of a clinical 
development programme, some specifications may be modified. 
For example, the total protein content specification allows up to 
100 micrograms of total protein per virus strain per human dose 
(3). If an unusually high incidence of local and systemic adverse 
events and/or severe adverse events unknown with other influenza 
vaccines occurred in a clinical trial of a vaccine against a novel 
human influenza virus, the vaccine virus concerned may require 
further purification and more stringent specifications.

 ■ If a cell line is used for manufacturing influenza vaccine, current 
WHO requirements for the use of animal cells as in vitro substrates 
for the production of biologicals (9, 10 and subsequent updates) 
should be met.

 ■ The general requirements on vaccine packaging and labelling 
contained in the WHO Good manufacturing practices for biological 
products (7) should apply to establishments manufacturing vaccines 
against novel human influenza viruses. Specific WHO requirements 
regarding the information on a standardized label for stockpiled 
vaccine or surplus vaccines released to international markets are not 
currently available. National regulatory authorities should require 
that any manufacturer producing vaccines under contract to them 
should label vaccines in accordance with the particular requirements 
of their jurisdiction.

C.1.2 General considerations for novel production systems
If in vivo cell substrates are explored for manufacturing influenza vaccine, 
the relevant WHO specifications would apply (9, 10). Production of influenza 
vaccines in cell substrates is a novel technology and the safety and efficacy of 
vaccine candidates produced in cell substrates has not been fully evaluated. 
Using influenza vaccines prepared in well-characterized cell substrates by 
prequalified vaccine manufacturers would be advisable only after data supporting 
safety, efficacy, and immunogenicity for use in humans become available. The 
provision of this advice should not be interpreted as any sort of endorsement of, 
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or recommendation for, the use or development of human influenza vaccines 
produced in cell substrates.

For more independence from the embryonated chicken egg substrate, 
production of vaccines against novel human influenza viruses and pandemic 
influenza vaccines using expression of influenza virus surface proteins in 
recombinant bacteria, yeast, animal cells, or plants is also under investigation. 
Although full-scale manufacturing processes are not yet established, the WHO 
guidelines for assuring the quality of pharmaceutical and biological products 
prepared by recombinant DNA technology (11), the WHO guidelines for the 
production and quality control of synthetic peptide vaccines (12), and the 
WHO guidelines for assuring the quality of DNA vaccines (13) may apply. A 
WHO informal consultation on the scientific basis for regulatory evaluation of 
candidate human vaccines from plants (14) also provides relevant guidance.

The following steps and quality control procedures may be crucial in the 
production of biotechnology-derived influenza vaccines:

 ■ Fermentation: definition of optimal harvest time and other 
harvest  parameters; definition of cell density, cell viability, size 
distribution; performance of haemadsorption assay to monitor 
haemagglutinin expression.

 ■ Purification: detergent extraction of recombinant HA protein; 
removal of residual DNA, host cell protein, detergents and other 
trace residuals.

 ■ Quality control procedures: determine glycosylation patterns, purity, 
amino acid sequence  and molecular size of recombinant protein.

 ■ Specifications for purity of recombinant HA which may be expected 
to be ≥ 95%.

 ■ Adaptation of tests such as single radial immunodiffusion (SRID) 
test to determine the specific antigen concentration in the vaccine 
derived using novel technology.

C.1.3 Stability criteria applicable to vaccines against 
novel human influenza viruses

Independent of virus growth substrate and vaccine production method, shelf-
life assigned to vaccine intermediates and products should be justified by data 
on storage conditions under real time and real temperature as well as under 
elevated temperatures. Applicable WHO and International Conference on 
Harmonisation of Technical Requirements for Registration of Pharmaceuticals 
for Human Use (ICH) stability guidelines should be followed. Refer to section 
D.2 for guidance on the stability of vaccines against novel human influenza 
viruses intended for stockpiling.
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C.2 Preclinical and nonclinical evaluation of vaccines 
against novel human influenza viruses

Preclinical and nonclinical testing are prerequisites to moving candidate human 
influenza vaccines from the laboratory into the clinic and general principles 
apply. Preclinical testing includes all aspects of testing, product characterization, 
proof of concept, protective efficacy studies, and safety testing using appropriate 
animal models before testing the vaccine in human trials. Nonclinical evaluation 
refers to all in vivo and in vitro testing performed before and during the clinical 
development of the vaccine.

Guidance to national regulatory authorities and vaccine manufacturers 
on the nonclinical evaluation of vaccines as well as the international regulatory 
expectations in this area published by WHO (15) should be considered. These 
guidelines should be applied in conjunction with the WHO Guidelines on clinical 
evaluation of vaccines: regulatory expectations (16) pertinent to different stages 
of vaccine development and for marketing approval. Relevant guidance for 
national regulatory authorities and manufacturers is also provided in the WHO 
guidelines on regulation and licensing of biological products in countries with 
newly developing regulatory authorities (17).

Nonclinical safety testing should normally be performed with the 
vaccine candidate that contains a variant virus antigenetically and genetically 
related to the strain intended for the final product. If some or all data were 
obtained with seasonal influenza vaccine strains or other potential pandemic 
strains, the applicant should justify the relevance of these data to the final 
product. If reference is made to the literature as supportive bibliographical data, 
this literature should be provided and its relevance to the pandemic influenza 
vaccine candidate should be discussed.

In line with WHOßs policy statement on the use of opened multi-dose 
vials of vaccine in subsequent immunization sessions, an effective antimicrobial 
preservative may be used (http://www.who.int/vaccines-documents/DocsPDF99/
www9924.pdf). The risk of possible microbial contamination during use of 
opened multi-dose vials of vaccine in subsequent immunization sessions may 
be assessed. For evaluation of new additives (i.e. excipients and antimicrobial 
preservatives), the WHO guidelines on clinical evaluation of vaccines: regulatory 
expectations (16) should be followed.

It may be useful to obtain immunogenicity data from an accepted 
animal model that responds well to human influenza vaccines (e.g. ferret) 
before commencing human clinical trials. The investigations should include 
an evaluation of immune responses according to dose and dose intervals 
using the vaccine that contains the strain intended for the final product. 
Immunogenicity studies in relevant animal models may be used to document 
consistency of production, in particular during the validation phase of the 
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vaccine manufacturing process. Immunogenicity data on the first three batches 
should be presented to document consistency of production. The choice of 
immunogenicity assay(s) needs to be approved by the national regulatory 
authority; assays need to be appropriately standardized and validated to enable 
comparison of data between different studies.

For vaccines against novel human influenza viruses, protective efficacy 
and cross-protection against influenza  A viruses with pandemic potential 
will be very difficult to establish in human clinical trials. Therefore, challenge 
studies in appropriate animal models (e.g. ferrets or other suitable animals) to 
support potential vaccine efficacy in humans should normally be conducted 
using both the original wild type strain from which the vaccine virus was 
derived and a more antigenically distant wild type variant to the vaccine strain. 
The challenge virus strains should be chosen to enable an assessment of efficacy 
against lethal challenge.

If the applicant submits data from challenge studies performed only 
with other potential pandemic strains, the relevance of the findings to the final 
product should be justified. It is difficult to provide specifications for such 
tests until more data become available. Instead, a detailed justification for the 
definition of the nonclinical end-points selected for the animal studies, e.g. 
death, weight loss, virus excretion rates, clinical signs such as fever, oculonasal 
secretions, and others to estimate nonclinical efficacy, should be provided.

For whole virion, split or subunit inactivated human influenza vaccines 
manufactured by an established production process and formulated similarly 
to a licensed seasonal influenza vaccine (apart from the strain), nonclinical 
safety investigations need not be repeated, provided that they have been 
performed in accordance with relevant WHO requirements (15) and national or 
regional requirements.

Changes to the dose of whole virion, split or subunit pandemic influenza 
vaccines derived from a licensed process may not require repetition of the 
nonclinical safety testing provided that the total HA content per dose does not 
exceed an amount agreed by the national regulatory authority. The threshold 
HA content may be based on evidence from seasonal influenza vaccines and the 
safety of this HA content (plus corresponding impurities) has been confirmed 
over many years with numerous influenza drift variants. If a candidate vaccine 
exceeds this threshold, a study on local tolerance to administration of single and 
repeated doses may be required. Local tolerance may be investigated when the 
vaccination schedule consists of multiple vaccine doses with total HA antigen 
content higher than that agreed on by the national regulatory authority. In view 
of the possible use of vaccines against novel human influenza viruses in pregnant 
women, reproductive toxicity studies should be performed in animals.

Evaluation of a vaccine against a novel human influenza virus in 
combination with a well-established adjuvanting system will require only local 
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tolerance studies following administration of single and repeated doses. New 
adjuvanting systems with which little experience has been gained in relation to 
human use need to be specifically investigated for their safety profile, separately 
and in combination with the influenza virus antigen.

Enhancing the immunogenicity of vaccine antigen using adjuvants may 
carry the risk of increased reactogenicity, thus requiring careful benefit–risk 
analysis. Considering the expected substantial impact of adjuvants on antigen-
sparing, the benefits of using safe adjuvanted vaccines may far outweigh the 
risks, especially during a pandemic. However, theoretical concerns over the 
quality of the immune response generated by some adjuvanted influenza 
vaccines remain.

It has been argued that whole-virion formalin-inactivated alum-
adjuvanted pandemic influenza vaccines used in a naïve population (e.g. young 
children) could trigger a predominantly Th2 cellular immune response making 
vaccinees more prone to serious influenza disease during a pandemic. This 
concern is extrapolated from studies on non-human primates with other whole-
virion adjuvanted vaccines (Respiratory Syncytial Virus, measles, severe acute 
respiratory syndrome (SARS)). In these cases, internal proteins e.g. nuclear 
proteins, are most likely to be responsible for over-stimulation and/or skewing 
of the cellular immune response. If the nuclear protein was responsible, it 
could be postulated that the predominantly Th2 cellular response is not only 
limited to whole-virion influenza vaccines, but also split vaccines. It could 
be further postulated that adjuvants other than alum (especially adjuvants 
promoting a Th2 rather than a Th1 response) could cause the same reaction. 
Therefore, regulatory authorities in at least one region of the world request 
that manufacturers consider studying this issue, and address it in regulatory 
submissions. However, the data generated so far in response to this concern 
are reassuring.

Inactivated influenza vaccines, including vaccines against novel human 
influenza viruses and pandemic vaccines produced in cell cultures are expected 
to contain much less process residuals than egg-derived vaccines. This is due to 
extensive downstream purification. It should be noted that at least one country 
requires more stringent specifications than WHO, with regard to residual 
cellular DNA, if continuous cell lines are used.

C.3 Clinical evaluation of vaccines against 
novel human influenza viruses

In principle, the clinical development of candidate vaccines against novel 
human influenza viruses should be done in accordance with the WHO 
Guidelines on clinical evaluation of vaccines: regulatory expectations (16) and 
relevant national or regional recommendations regarding clinical development 
of vaccines. In the clinical development phase, the applicants are encouraged 
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to present and discuss with the national regulatory authorities the clinical 
development plan and any interim results.

The indication to use a vaccine against a novel human influenza 
virus should strictly reflect the characteristics (e.g. age range and/or 
immunocompetence) of the population(s) for which sufficient evidence 
supports that indication. As with all vaccines, variations to the indication 
extending beyond the population in which dose recommendations were 
established may be approved if suitable data are provided.

Serological evaluation of vaccines against novel human influenza 
viruses may follow established criteria for seasonal influenza vaccines. In one 
region of the world,3 the serological criteria for assessment of seasonal influenza 
vaccines include:

 ■ number of seroconversions or significant increase in 
antihaemagglutinin antibody titre > 40%; 

 ■ increase in geometric mean titre (GMT) > 2.5; and 
 ■ the proportion of subjects achieving a haemagglutination inhibition 

(HI) titre ≥  40 or single radial haemolysis (SRH) titre >  25  mm² 
should be 70%.

These three parameters are evaluated yearly in human clinical trials due 
to the annual update of seasonal influenza vaccine strain composition.3 For a 
candidate seasonal vaccine in which only one of the three strains in previously 
registered vaccines is changed, at least one of the serological criteria must be 
exceeded for the immunogenicity of the new strain(s) to be accepted. For a 
new candidate seasonal influenza vaccine (e.g. new producer, new production 
method) all three serological criteria must be met unless specific scientific 
justification is provided to the contrary.

Failure to meet the three serological criteria may occur if a given study 
population has a very high residual immunity from pre-vaccination that 
cannot be further boosted by the candidate influenza vaccine. Seroconversion 
(increased HI titre >  40% post-vaccination) is assumed to correlate with 
protection, as it has been associated with a 50% reduction in influenza-like 
illness in healthy adults after intranasal challenge in the presence of pre-existing 
immunity against the influenza strains included in the vaccine.

This observed correlation, between HI titre and protection, may not 
be as strong for vaccines against novel human influenza viruses for which the 
human population is immunologically naïve. Evidence suggests that there may 
be different degrees of disease reduction linked to serological performance of 

3 CPMP/BWP/214/96; http://www.emea.europa.eu/pdfs/human/bwp/021496en.pdf
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the vaccine strain. However, the correlation of these two factors is unknown. 
As a general principle, vaccines used for primary immunization of a previously 
immunologically naïve population should induce as high an immune response 
as possible. This principle must be balanced, in the special circumstances of 
a pandemic vaccine, with the need of antigen-sparing approaches for vaccine 
formulation to maximize vaccination coverage.

Taking all the above factors into account, vaccines against novel human 
influenza viruses should induce high GMTs and seroconversion rates, preferably 
after only two doses. Ideally, the three serological criteria for assessment of 
seasonal influenza vaccines as defined in guideline CPMP/BWP/214/964 should 
be exceeded in the target population, with the proportion of subjects achieving 
an HI titre ≥ 40 being the most important.

Based on current understanding, the public health benefit of an 
influenza vaccine fulfilling or exceeding these three serological criteria cannot 
be fully estimated. It is not known whether these are the optimal criteria or 
whether lower levels of antibody would produce significantly less benefit. 
Based on the results from studies of seasonal influenza vaccines in animals 
and humans, the possibility cannot be excluded that there would be little or 
no public health benefit if some or all of these serological criteria were not 
fulfilled. Although the ferret model may not always be predictive of human 
influenza vaccine responses, recent studies suggest that substantial vaccine-
induced protection may be achieved against some potentially pandemic H5N1 
strains in ferrets with low antibody levels that do not meet the seroconversion 
criteria. Applicants as well as regulatory and public health agencies should 
carefully consider the expected public health benefits if a candidate vaccine 
does not fulfil all the serological criteria specified above. High quality data 
from immunization and challenge studies in animal models may assist in the 
decision-making process (28).

In addition to fulfilling the three serological criteria for assessment of 
influenza vaccines, defining and evaluating neutralizing antibodies could be 
of primary importance for vaccines against novel human influenza viruses. 
Neutralizing antibodies should be measured in at least a subset of vaccinated 
individuals, using standardized procedures and/or international reference 
standard sera. Additional immunological assessments including cell-mediated 
immunity and neuraminidase inhibition tests are of unknown relevance to 
protection. These assessments could be explored in a subset of vaccinees to 
provide more insight into the overall effects of vaccination.

4 Cell culture inactivated influenza vaccines – Annex to note for guidance on harmonization of requirements 
for influenza vaccines (CPMP/BWP/214/96) (EMEA Guidance). Effective: 5 March 2003 (http://www.tga.
gov.au/docs/pdf/euguide/bwp/249000en.pdf ).
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To study the need for revaccination, immune responses should be 
determined at intervals after completion of the primary series in at least a 
statistically valid subset of the vaccinated population. At the time of initial 
licensure, these data may be limited (e.g. to 6–12 months and for only a subset 
of the vaccinated population). Applicants would be expected to have plans in 
place to follow antibody levels over time and commitments to this effect should 
be agreed at the time of first approval.

Also at the time of initial licensure, plans should be in place to assess 
antibody persistence, cross-reactivity to new circulating variant viruses 
(compared to the vaccine strain) and responses to booster doses in cohorts of 
vaccinees from each age and risk group for which registration is sought. Plans 
to assess vaccine effectiveness after exposure to circulating influenza A viruses 
with pandemic potential should also be prepared (see sections G.3.4 and G.3.5). 
These plans are important to provide insight as to whether prior vaccination 
may afford at least some protection against influenza A virus strains that might 
trigger a pandemic.

The applicant should investigate the immunological response which 
may include antigenic cross-reactivity elicited by each vaccine against novel 
human influenza viruses with circulating influenza A viruses having pandemic 
potential (e.g. drift variants). However, no clinical claims of cross-protection 
against drift variants should be made without provision of additional evidence 
(e.g. cross-neutralizing activity of post-vaccination antisera and/or protection 
demonstrated in animal challenge models). Reporting on antibody boosting 
effect and persistence of antibody titres would strengthen the application.

Despite the naivety of the population, even a single dose of an 
inactivated influenza vaccine used before the pandemic is declared might be 
sufficient to elicit an immune response with public health benefit. Because of 
the uncertainties, a priming schedule with two (or even more) vaccine doses 
may be preferred as well as incorporation of an adjuvant. Thus, in addition 
to the need to determine the optimal dose of the antigens, several potentially 
feasible vaccination schedules should be explored.

The optimal dose and schedule may depend upon:

 ■ vaccine-specific factors including antigen type and content, and 
type of adjuvant;

 ■ population-specific factors such as age and immunological naivety 
to the potential pandemic virus strain(s);

 ■ circumstances of use: for example, a regimen of short duration 
would be needed to rapidly achieve seroprotection in people 
who might come into contact with the virus e.g. poultry workers, 
veterinarians, animal caretakers and human health care providers.
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To identify vaccine formulations (e.g. antigen dose and, if needed, 
amount of adjuvant) and schedules eliciting adequate serological responses, 
naïve individuals (i.e. HI titre <  1:10) from each specific population group 
should be studied for each proposed dose and schedule. The number of naïve 
subjects per dose group should be statistically justified. In the initial dose-
finding study, the recommended sample size is at least 50 people.5

Once the applicant considers that the appropriate vaccine formulation 
and schedule have been identified for healthy adults aged 18–60 years, the safety 
and immunogenicity of the chosen vaccine candidate should be evaluated in 
a larger sample of healthy adults aged 18–60 years. The recommended size of 
the safety database required to detect adverse events following immunization 
(AEFIs) is shown in Table 1. Depending on the sample size in the initial dose-
finding studies, sub-stratification of data by age may be appropriate to obtain 
more information in under-represented strata. These strata should preferably 
be predefined in the clinical development programme and should be agreed 
on by the relevant national regulatory authority. Extension of the population 
in which use of the vaccine is indicated (e.g. by age group and/or risk factors) 
might be based on studies completed before or after initial licensure.

Table 1
Size of the safety database required to detect adverse events following immunization 
(AEFIs) at stated frequencya

Age group AEFI frequency and sample size

Adults from 18–60 years ≤ 1 in 1000 persons vaccinated (i.e. rare AEFIs) 
(e.g. a database of approximately 3000 
subjects might be sufficient)

Specified age groups
(e.g. infants, children, adolescents, 
adults over 60 years of age) 

< 1 in 100 (i.e. uncommon AEFIs) 
(e.g. a database of approximately 300 
subjects from each specified age group might 
be sufficient) 

Specified risk groups
(e.g. immunocompromised 
individuals, chronically ill patients)

≤ 1 in 100 (i.e. uncommon AEFIs) 
(e.g. a database of approximately 300 
subjects from each specified risk group might 
be sufficient) 

a  Applicants are encouraged to discuss the proposed size of the safety database with the national regulatory 
authority during the clinical development programme.

5 Defined in guideline CPMP/BWP/2490/00 (www.emea.europa.eu/pdfs/human/bwp/249000en.pdf and 
CHMP/VWP/164653/2005 at www.emea.europw.eu/pdfs/human/vwp/16465305en.pdf ).
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6 Defined in guideline CPMP/BWP/2490/00 (www.emea.europa.eu/pdfs/human/bwp/249000en.pdf and 
CHMP/VWP/164653/2005 at www.emea.europw.eu/pdfs/human/vwp/16465305en.pdf ).

The size of safety database for each vaccine would differ depending on 
the population studied (Table 1). Follow-up of clinical trial participants for the 
evaluation of safety should continue for at least 6 months and should include 
specified parameters of adverse event causality, seriousness, expectedness and 
severity.6 These data should be submitted as part of the licence application. If any 
new issues regarding safety arise during the clinical development programme 
and/or vaccine use, they need to be followed up specifically as part of a risk 
management plan. Tools should be developed to better interpret rare adverse 
events occurring within the context of a clinical trial. If the vaccine against 
novel human influenza virus contains thiomersal as a preservative, relevant 
WHO and national or regional guidance should be followed.

Whenever the opportunity arises, national regulatory authorities 
should request further information on safety, immunogenicity and efficacy to 
expand the safety database on vaccines against novel human influenza viruses. 
It is particularly recommended to collect additional data in the populations 
less studied during the pre-authorization clinical trials. A risk management 
plan should be provided, with the safety information for each major population 
group that was not studied or was studied only to a limited extent in the pre-
authorization phase. During a pandemic influenza event, the effectiveness of 
prior vaccination in people who do and who do not receive a dose of pandemic 
vaccine should be estimated through standardized and well-controlled trials.

As is done for seasonal influenza vaccines, the marketing authorization 
holder might wish to propose replacement of the strain in an approved vaccine. 
For example, this might occur if sequential studies show low or negligible cross-
reactivity and cross-protection to drift variants and/or if expert opinion suggests 
that the influenza virus subtype most likely to trigger a pandemic has changed. 
Consequently, two scenarios are possible:

 ■ replacement of the virus strain in the approved vaccine with a 
different strain of the same subtype (e.g. supplanting the original 
H5N1 with another H5N1 strain);

 ■ replacement of the HA/NA subtype of virus strain (e.g. supplanting 
the original H5N1 strain with an H7N7 strain).

These two scenarios may have different regulatory implications and the 
following general principles apply:

 ■ The market authorization holder would have to submit all 
manufacturing and quality data related to the new strain.

WHO_TRS_963.indb   143 11/8/11   11:26 AM



144

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
63

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-eighth report

 ■ A study in a relevant animal model should be conducted to 
demonstrate that immune responses to the new vaccine strain 
are  at least as good as those to the original vaccine strain in the 
licensed product.

 ■ A clinical study should be conducted to demonstrate that immune 
responses to the new vaccine strain are adequate. If feasible, it is 
recommended that the new vaccine strain be administered to a 
cohort that previously received the original vaccine strain in order 
to assess cross-priming.

 ■ Applicants are encouraged to obtain advice from the national 
regulatory authority regarding the extent and type of clinical data 
that would be required for strain change within same subtype.

 ■ It should be expected that changes in virus strain subtype would 
have more extensive data requirements. Advice from the national 
regulatory authority should be sought on the regulatory framework 
and data requirements for such a change.

C.3.1 Special considerations for novel technologies
Clinical evaluation of candidate vaccines against novel human influenza viruses 
or pandemic influenza vaccines derived using more advanced technologies may 
differ from the traditional evaluation of inactivated influenza vaccines via HA 
and HI assays. Ideally, the efficacy of a vaccine derived using new technology 
would be established initially against seasonal influenza through clinical trials. 
Preclinical efficacy data on such a vaccine obtained from appropriate animal 
studies may be useful in supporting the acceptability of a candidate pandemic 
influenza vaccine derived using new technology.

For inactivated vaccines administered intramuscularly, serological 
markers such as functional antihaemagglutinin antibody titre and trend have 
been widely accepted as correlates of protection. For LAIV administered by 
an alternative route, e.g. intranasally, an initial local response in addition to 
a systemic immune response may be important. The immunological mode 
of action of LAIV requires infection of the upper respiratory tract mucosa 
establishing a robust immune response that protects against infection 
by circulating wild-type human influenza viruses. Therefore, the use of 
immunogenicity parameters similar to those applied to inactivated influenza 
vaccines may be misleading and underestimate the true potential of LAIV. 
Titres of local immunity, e.g. nasal secretory IgA antibodies, are not currently 
validated as indicators of mucosal immunity. Thus, the clinical investigation 
and programme for development of candidate influenza vaccines derived from 
novel technologies requires careful planning with regard to the choice of end-
points to estimate efficacy.
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It should be kept in mind that LAIV cannot be administered 
concomitantly with neuraminidase inhibitors and/or other antivirals because 
these medicines would be likely to abolish vaccine efficacy.

C.3.2 Paediatric studies
Data from studies in children are needed for the following reasons:

 ■ The immunological response of children is likely to be different.
 ■ The optimal dose may be different.
 ■ The clinical benefit is likely to be different.
 ■ There may be special safety concerns for children, e.g. for adjuvanted 

influenza vaccines, or for vaccines that are intended for intranasal 
administration.

 ■ As in adults, the relevance of immune response criteria to evaluate 
vaccines against novel human influenza viruses is uncertain.

For the purposes of this document, individuals under 18 years of age are 
considered children. Within this age band, and to be consistent with ICH-E11 
definitions (18), children are divided into the following subgroups:

 ■ preterm newborn infants;
 ■ term newborn infants (0–27 days);
 ■ infants and toddlers (28 days–23 months);
 ■ children (2–11 years);
 ■ adolescents (12 to 16–18 years) (dependent on region).

In most regions of the world, a clinical development programme for a 
vaccine is generally done in a stepwise fashion, from adults to children. Over 
the past decade, this development pathway has led to licensure of numerous 
paediatric vaccines including those against whooping cough, chickenpox, 
hepatitis A, pneumococcus, influenza, and meningococcus. It is crucial to have 
safety and immunogenicity data on adults before initiating clinical studies of a 
vaccine against a novel human influenza virus in children.

Clinical data from adults will provide the basis for selecting an 
appropriate starting dose and schedule in paediatric populations. Safety data on 
adults should be obtained from carefully monitored studies with pre-specified 
safety assessments. The clinical development phases and the size of the safety 
database on adults needed to support vaccine use in children warrant discussion 
with the relevant national regulatory authority. Evidence to support clinical 
trials of a specific manufacturer’s vaccine in paediatric populations should be 
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derived from clinical data in adults for that specific vaccine and for seasonal 
influenza vaccine formulations produced by that manufacturer.

Evaluation of immunogenicity and safety in children and adolescents 
should only be initiated after acceptable data becomes available from studies 
in healthy adults. Studies in infants and toddlers should only be initiated when 
data from studies in older children and adolescents are found acceptable. It is 
possible that the manufacturer will be unable to generate data for all age and 
risk categories. Under these circumstances, some degree of extrapolation might 
be allowed (e.g. from healthy adults to older and younger age categories). The 
appropriateness and extent of any allowed extrapolation should be considered 
on a case-by-case basis and would depend on total data available. Applicants 
seeking such extrapolations should ask for advice from the relevant national 
regulatory authority.

The clinical studies should provide a detailed characterization of the 
immunological responses to the candidate vaccine against novel human 
influenza virus containing the virus strain intended for the final product. Data 
from clinical studies conducted with vaccines that contain other influenza 
strains may be considered supportive. 

The public health benefit of having children participate in clinical trials 
of vaccines against novel human influenza viruses, as a proxy for pandemic 
influenza vaccine candidates, may be difficult to predict; especially in 
geographical areas with no circulating avian influenza viruses. It is crucial to 
balance the safety benefits against the potential risks. In the recent Southeast 
Asian experience with avian influenza A (H5N1), those most affected were the 
young; the virus caused high mortality in infants and children (20). However, 
the epidemiology of a true pandemic strain may differ from that of a strain with 
very limited capability for person-to-person transmission.

C.3.2.1 Timing of paediatric studies
As for seasonal influenza vaccine, data on vaccines against novel human 
influenza viruses would be collected in a stepwise fashion, from adults to 
children. The quantity of data necessary to support licensure of a particular 
manufacturer’s candidate influenza vaccine for paediatric use would depend, 
in part, on the availability of paediatric clinical data for that manufacturer’s 
seasonal influenza vaccine.

The ethical principles described below (section C.3.2.2) should be 
carefully considered when making decisions on paediatric trials. These 
considerations may be viewed from the perspective of pandemic timing and 
would change as the likelihood of a pandemic increases. The need, timing, 
and extent of paediatric trials would thus depend on availability of critical 
information and evidence at specific time-points as well as the need for 
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additional data. The amount of information accrued would also depend on the 
predicted starting time of a pandemic. These factors will influence the need for 
additional data on:

 ■ dose recommendations;
 ■ safety risk–benefit assessment;
 ■ immunological characterizations; and,
 ■ opportunity to obtain efficacy and effectiveness data.

In general, the timing of paediatric studies depends upon several 
factors7 including:

 ■ extrapolation of immunogenicity data from adults to children or 
seeking identical indication for all age bands;

 ■ trial information on relevant clinical outcomes, e.g. effectiveness or 
immunogenicity, comparability of side-effects and long-term safety;

 ■ nature of disease, e.g. serious and/or life-threatening, urgency of 
treatment and/or prophylaxis;

 ■ clinical findings in adult populations, e.g. a major safety problem 
identified in adults; and

 ■ availability of and/or necessity for a paediatric formulation.

The timing of paediatric trials with vaccines against novel human 
influenza viruses thus depends on the availability of paediatric data from 
studies of seasonal influenza vaccine, the experience with vaccines against novel 
human influenza viruses in adults, and the expected need for additional data on 
children prior to the pandemic. Reactogenicity of the vaccine formulation with 
vaccines against novel human influenza viruses in adults would be an important 
determinant of the extent of studies required in children.

There may be national or regional differences with regard to the 
anticipated timing of paediatric studies with vaccines against novel human 
influenza viruses. In one country, for example, the law outlines that all sponsors 
have obligations to study paediatric populations, as appropriate.8 Some countries 
with influenza (human and animal) outbreaks have indicated a special interest 
in conducting paediatric studies with vaccines against novel human influenza 
viruses. For example, such studies might be conducted in children who are 

7 Mentioned in the ICH E11 Guidelines on Clinical Investigation of Medicinal Products in the Pediatric 
Population (http://www.ich.org/cache/compo/276-254-1.html).

8 Pediatric Research Equity Act of 2003, US Public Law 108-155 (available at http://www.fda.gov/opacom/
laws/default.html).

WHO_TRS_963.indb   147 11/8/11   11:26 AM



148

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
63

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-eighth report

at risk for disease caused by avian influenza A (H5N1) virus due to frequent 
contact with birds. In some countries or regions, it is not anticipated that 
paediatric trials will be conducted before a pandemic occurs. Consequently, 
data from bridging studies in adults and/or foreign paediatric populations may 
be critical bridging adult and/or foreign paediatric data may for regulatory 
decision-making.9

In general, paediatric clinical data on seasonal influenza vaccines would 
be useful for planning paediatric studies on pandemic influenza vaccine. 
Critical data would include:

 ■ age-dependent, influenza-associated disease burden: influenza-
like illness, serologically confirmed influenza, acute otitis media, 
complications, and mortality in both healthy children and those with 
co-morbidity;

 ■ evidence of age- and dose-dependent vaccine efficacy on disease 
outcomes;

 ■ seroresponse and immunological response characterization using 
standardized methods, i.e. serological assays, which must be in place 
before paediatric studies are initiated;

 ■ safety e.g. a system of recording and analysing information on 
AEFIs (21).

An improved understanding of the efficacy of seasonal influenza 
vaccine in paediatric populations would be particularly valuable. Available 
data indicate that the efficacy of inactivated seasonal influenza vaccines in 
children less than 2 years of age is poor (22). Safety and immunogenicity data 
on simultaneous administration of seasonal influenza vaccines with other 
licensed vaccines generally used in childhood immunization programmes 
would also be useful.

C.3.2.2 Ethical considerations in conducting paediatric studies
Ethical considerations on the conduct of vaccine evaluations as described in the 
WHO Guidelines on clinical evaluation of vaccines: regulatory expectations (16) 
and the WHO Guidelines for good clinical practices for trial on pharmaceutical 
products (19) should be met. Vaccine manufacturers are encouraged to submit 

9 A bridging study is: a study performed in a new region to provide pharmacodynamic or clinical data on 
efficacy, safety, dosage and dose regimen in the new region that will allow extrapolation of the foreign 
clinical data package to the population in the new region (Review of existing documents on planning, 
performance and assessment of clinical studies on vaccines (WHO/V&B/99.09) (available at: http://
whqlibdoc.who.int/hq/1999/WHO_V&B_99.09.pdf )).
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10 Described in the EU/2001/20 directive (available at www.eortc.be/Services/Doc/clinical-EU-directive-
04-April-01.pdf ).

paediatric development plans to the national regulatory authorities as early as 
possible in the vaccine development process.

Since data from clinical trials must support the use of a vaccine against 
novel human influenza virus in children, the following considerations10 must 
be addressed:

 ■ Children represent a vulnerable population with developmental, 
physiological and psychological differences from adults.

 ■ The clinical trials should be carried out under conditions affording 
the best possible protection for the subjects.

 ■ Criteria for the protection of children participating in clinical studies 
should be described.

The scientific conduct of paediatric studies must address issues of 
protection of human subjects particularly relevant to children, in compliance 
with applicable national or regional regulations. Decisions on paediatric clinical 
investigations should follow the framework of institutional review boards or 
equivalent ethical oversight groups. Ethics committees should take considerable 
care when reviewing paediatric protocols. Appropriate provisions should be 
made for soliciting permission from parents or guardians and for obtaining 
assent from children participating in clinical studies. Ethical considerations 
include the following (see the ICH E11 guidelines for additional guidance (18)):

 ■ The trial should be explained to the child as his or her age and 
maturity allows, and assent obtained when this is considered 
reasonable by consensus between the researchers and parent(s) 
or guardian(s). 

 ■ Risk should be minimized by using trained staff, appropriate study 
design, and rapid termination, if necessary.

 ■ Distress should be minimized by appropriate measures. 
 ■ Financial or other incentives should not be given. Covering 

reasonable expenses such as travel is allowable. 

C.3.3 Clinical studies in the elderly and specific risk populations
As with children, clinical data on vaccines against novel human influenza viruses 
cannot be automatically extrapolated from healthy adults to elderly people. 
Carefully designed studies are also required to adapt dose and vaccination 
schedules from healthy adults to individual age categories of the elderly. This 
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approach is necessary to reduce potential vaccination risks and to optimize its 
benefits. Other risk categories include individuals with underlying disease or 
other risk factors that might also affect the clinical performance of the vaccine 
differently to healthy adults, e.g. co-medication.

Since the elderly would have a significantly increased risk of morbidity 
and mortality following exposure to a novel human influenza virus, the goal 
of clinical studies in the elderly and in people who are chronically ill is to 
maximize efficacy of the vaccine (as expressed by immunogenicity). This might 
be achieved by increasing the antigen dose or number of doses needed to reach 
acceptable immune responses. As in paediatric studies, the total number of age 
and risk strata to investigate might become too high, and clinical trial designs 
that include different age and risk categories might become too complex.

The recommended size of the safety database required to detect AEFIs 
in the ederly is provided in Table 1, but details on the design of clinical studies 
to be performed in specific risk populations are not covered in these guidelines. 
Due to its potential complexity, the design of such trials should be discussed 
with the relevant national regulatory authority.

Part D. Regulatory considerations for 
stockpiled influenza vaccines
D.1 General remarks
As part of their pandemic influenza preparedness plans, many countries and 
WHO are considering establishing stockpiles of vaccines against novel human 
influenza viruses in anticipation of an influenza pandemic. Any decisions 
to use such a vaccine before a pandemic is declared should be in line with 
national policies and are solely the responsibility of individual governments and 
their public health authorities. While the pathways of intended use for these 
vaccines may differ between countries, there are general principles that should 
be considered.

In October 2007, an informal consultation was held in Geneva to develop 
options for technical specifications for a WHO international H5N1 vaccine 
stockpile and the recommendations are publicly available.11

D.2 Special considerations for the evaluation 
of stockpiled vaccines

In addition to the guidelines provided in part C, vaccines against novel human 
influenza viruses that are intended for stockpiling will need a particularly well-

11 http://who.int/vaccine_research/diseases/influenza/meeting_stockpile_181007/en/index.html
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defined stability testing programme to justify the selected design for the stockpile 
and ensure continued immunogenicity and safety throughout the stockpiling 
period. Vaccine components including bulk antigen and adjuvant might be 
stored separately and periodic nonclinical and/or clinical reinvestigation of a 
stockpiled vaccine might be necessary.

The final stability testing programme should be approved by the relevant 
national regulatory authority and should include an agreed upon set of stability-
indicating parameters, procedures for the continuing collection and sharing of 
stability data, and criteria for rejecting vaccine(s) from the stockpile.

The continued appropriateness of an H5N1 strain in the stockpiled 
vaccine to induce immunity against drift variants should be monitored based 
on recommendations made by WHO. Data to facilitate decision-making on 
the continued appropriateness of the strain should be defined in advance. One 
option would be to use sera from clinical trials with the stockpiled vaccines 
for tests against drift variants. This would require communication and an 
agreement with the manufacturer to ensure sera are available for this purpose.

Part E. Regulatory considerations for the development 
and evaluation of pandemic influenza vaccines
E.1 General remarks
This section covers the quality, preclinical, nonclinical and clinical aspects 
of influenza vaccines to be developed once a pandemic is declared and the 
pandemic influenza A virus strain identified.

It is expected that the regulatory evaluation of pandemic influenza 
vaccines will largely rely on information collected in the inter-pandemic period. 
As many relevant data as possible should be accumulated on the suitability of the 
manufacturing process as well as on the nonclinical and clinical performance 
of a vaccine against a novel human influenza virus before a pandemic strikes. 
The advantage of such an approach is that when the pandemic influenza A virus 
strain becomes known, the pandemic influenza vaccine may be licensed with 
minimum additional data. This is assuming that the product attributes and 
critical quality parameters as well as nonclinical and clinical performance of 
the vaccine against a novel human influenza  A virus would also apply to the 
pandemic influenza vaccine.

E.2 Quality and manufacturing
The general manufacturing requirements presented in section C.1 apply to the 
manufacture of pandemic influenza vaccines.
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E.2.1 Stability criteria
It is anticipated that real-time stability data would be unlikely to be available 
for the pandemic strain vaccine and that countries would be willing to accept 
vaccines without such data in the special circumstances of a pandemic. In the 
urgency of a pandemic situation, it is unlikely that human pandemic influenza 
vaccines would be stored for long periods. If indicated and if time allows, an 
appropriate potency-indicating test (e.g. SRID test for antigen content) may be 
performed before a pandemic vaccine is used.

E.3 Preclinical and nonclinical evaluation of 
pandemic influenza vaccines

Once a pandemic is declared, it would be imperative to produce and use vaccines 
that are formulated with the antigen to the pandemic strain as quickly as possible. 
In these special circumstances it is anticipated that few or no preclinical and 
nonclinical data would be available. If the risk–benefit evaluation warrants such 
action, countries should be prepared to accept vaccines without these data. 
As a minimum, data on the approved quality control release tests related to 
potency and safety should be available. Such a situation would be more likely to 
be acceptable if experience had been accumulated with vaccines against novel 
human influenza viruses from the manufacturer concerned.

E.4  Clinical evaluation of pandemic influenza vaccines
For a pandemic influenza vaccine, some clinical trial data would be expected 
to support the appropriate dose and regimen. These trials should also include 
an assessment of immunogenicity and safety and may build on experience 
with vaccines against seasonal influenza and/or vaccines against novel human 
influenza viruses. It is also expected that studies of vaccine effectiveness and 
safety would be carried out during the pandemic. The general protocols and plans 
for such clinical studies should be in place as part of a risk management plan 
prior to the influenza pandemic. Preparation of such plans requires collaboration 
between all stakeholders (i.e. WHO, public health authorities, national 
regulatory authorities and industry). See section G for additional guidance.

E.4.1 Paediatric studies during an influenza pandemic
Once a pandemic is declared, recommendations for the paediatric dose 
and schedule would be needed immediately if they are not already in place. 
Based on current data from studies in healthy adults inoculated with different 
potential pandemic strains, more than one dose of the pandemic vaccine would 
be likely to be needed (23–25). As for adults, it is anticipated that children 
who have not been previously vaccinated will require at least two doses with 
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a 1-month interval between doses. In the case of seasonal influenza vaccines, 
seroconversion rates seem to increase with age from < 50% in those aged < 6 
years to > 80% in those aged > 10 years, which probably reflects the influence of 
(natural) priming (26–27).

A two-dose (or more) schedule in immunologically naïve infants and 
children is probably a reasonable approach for most individuals in a pandemic 
situation. Also, the seroresponse observed with the investigated dose and 
schedule in young adults may be extrapolated to children at a comparable stage 
of immunological development. Thus, when no clinical data on vaccines against 
novel human influenza viruses in children aged ≥  6 years exist prior to the 
pandemic, the dose and schedule used in young adults aged 18–30 years might 
be extrapolated to the younger group as an emergency measure.

Clinical data on safety and immunogenicity should be obtained for 
infants and toddlers. However, early in a pandemic, it may be necessary to 
extrapolate the recommendations for the dose of adult pandemic vaccine and 
paediatric seasonal vaccine. This implies that recommendations for the paediatric 
dose of seasonal influenza vaccine need to be well substantiated. Depending on 
legal constraints, data from paediatric clinical trials using vaccines against novel 
human influenza viruses might also be obtained prior to the pandemic. Such 
data should preferably be generated in dose–response studies in appropriately 
stratified age categories using a step-wise approach (e.g. 6–12 months, 13–36 
months, 3–6 years, 6–12 years and > 12 years). With a well-substantiated dose 
recommendation for the sponsors’ seasonal influenza vaccine formulation (if 
equivalent) and an accepted dose and schedule recommendation for the vaccine 
against a novel human influenza virus in young adults, a single-dose paediatric 
clinical trial might be envisaged. It is recommended that vaccine manufacturers 
seek advice from the national regulatory authority.

Once a pandemic is declared and the initial cohorts are vaccinated, 
paediatric dose recommendations must be re-assessed based on data on 
immunogenicity and initial clinical outcome obtained from active surveillance. 
If necessary, additional dose–response studies should be performed.

Paediatric safety studies should only be initiated after sufficient 
clinical data on use of the vaccine against novel influenza virus formulation 
have been collected and acceptable proof of principle of safety and efficacy i.e. 
immunogenicity is obtained in healthy adults.

Since an indication for paediatric use is most likely to be sought 
after initial licensure, data on safety and immunogenicity in children may be 
submitted as a licence supplement. It is expected that detailed immunological 
characterization will be performed during clinical trials of vaccines against novel 
influenza viruses in healthy adults. These data should be used to determine the 
optimal serological assays and methodologies for use in paediatric studies.
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The general protocols and plans for paediatric clinical studies should also 
form part of a risk management plan that is developed prior to the influenza 
pandemic. The following specific considerations should be taken into account:

 ■ Feasibility: an estimation of the feasibility of conducting paediatric 
studies during a pandemic.

 ■ Choice of schedule: one important issue is whether paediatric studies 
should address immunogenicity of the predefined schedule for 
healthy adults or define the optimal schedule for children for each 
vaccine. The latter is traditionally done during vaccine development. 
Age-stratified analyses should provide more insight into the role 
of pre-existing immunity (at whatever age) and immaturity of 
the immune system in the very young in relation to the chosen 
vaccination schedule. However, it must be acknowledged that having 
many different schedules for different subpopulations may create 
problems for mass vaccination campaigns.

 ■ Safety assessment: another issue is how many safety data should be 
gathered or studied. It is recognized that special safety issues may 
need to be addressed, e.g. adjuvants. In addition to short-term safety, 
a plan to assess long-term safety should be considered. Long-term 
safety refers to a 6-month follow-up period after the last dose.

 ■ Shedding: it may be useful to conduct early studies to address the 
impact of the vaccine on infectivity. 

 ■ Efficacy assessment: documenting clinical outcomes in a prespecified 
manner is important. For example, the efficacy of a vaccine in 
children may differ significantly from the inter-pandemic situation 
or may differ from efficacy in adults. If possible, case definitions to 
be used in such evaluations should be defined prospectively.

Part F. Quality control preparedness
F.1 General remarks
Quality control of pandemic influenza vaccines will be based on the processes 
and policies for seasonal influenza vaccines. Seasonal influenza vaccines should 
be produced in compliance with GMP, tested for quality and safety by the 
vaccine manufacturer, and usually, subjected to independent quality control 
testing by a national control laboratory. The vaccine may be used only when 
it has passed the tests at the national control laboratory and has been released 
by the national control laboratory. In a pandemic situation, vaccine quality 
control performed by manufacturers and independent assessment by a national 
control laboratory will also be required. In this situation, tests would be done in 
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a high-pressure environment with a much higher throughput than normal and 
in which technical problems connected with the novelty of pandemic vaccines 
could interfere with efficient testing. In an inter-pandemic situation, vaccine 
quality control will not be done under emergency conditions, but certain 
aspects of the technical problems associated with testing will still be relevant.

In view of the likely pandemic emergency, speed would be needed for 
batch release tests. It may also be necessary for a national control laboratory to 
perform tests in parallel with vaccine manufacturers and/or to perform only a 
subset of the tests normally done on seasonal influenza vaccines (e.g. SRID and 
Limulus amoebocyte lysate (LAL) tests).

It is expected that national control laboratories normally engaged in 
batch release of seasonal influenza vaccine will also perform batch release of 
pandemic vaccine. However, this testing capacity may not be sufficient and an 
assessment of and provision for reserve batch release capacity should be made. 
It is therefore important to prepare for quality control of pandemic vaccine well 
before a pandemic starts and for national control laboratories to share their 
experience in order to minimize disruptions to vaccine supply. Some national 
control laboratories have already developed procedures for batch release of 
pandemic vaccine, others have not. Countries where such plans are not in 
place are strongly encouraged to develop them as soon as possible. Moreover, 
provisions for batch release of pandemic vaccines should be included in 
national pandemic influenza preparedness plans. Simulation exercises should 
be conducted, where possible.

It is also recognized that quality control and batch release procedures 
are different throughout the world. There are however some common principles 
to observe. The following assessment and proposals relate mainly to inactivated 
influenza vaccines, but where appropriate there is also consideration of quality 
control testing of LAIV.

F.2 Quality control testing by vaccine manufacturers
F.2.1 Inactivated vaccines
Current experience with development of inactivated H5N1 influenza vaccines 
suggests that a pandemic vaccine is likely to contain a reverse genetically-
engineered virus and be formulated as a monovalent vaccine with alum or a 
proprietary adjuvant. Alternatively, the vaccine may be formulated without 
adjuvant, but the adjuvant may be mixed extemporaneously. This may affect the 
type of test conducted on the vaccine.

Pandemic influenza vaccines are also likely to be produced in much 
larger quantities (i.e. more batches) than seasonal vaccines and the pressure 
for quick release and use of the vaccine will be enormous. Nevertheless, all 
the normal quality control tests for seasonal influenza vaccines should also be 
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performed for pandemic influenza vaccines since there is an increased risk of 
problems when working under extreme time pressure.

Because of technical difficulties or special pandemic circumstances, 
some quality control tests may need to be modified. In the inter-pandemic 
period there will not be the high demand for vaccine expected during a 
pandemic and the technical difficulties described below will still be relevant. 
Existing WHO recommendations for the production and control of influenza 
vaccine (inactivated) should be followed.12 National control laboratories and 
manufacturers should ensure that the following modifications are acceptable 
for pandemic influenza vaccines:

 ■ Vaccine reference virus: A fully characterized reference virus will 
be provided by a WHO laboratory. This is important to ensure 
that vaccines derived from reverse genetics have no potentially 
pathogenic viruses, are safe and have been produced according to 
accepted quality standards.

 ■ Identity of seed virus: For seasonal influenza vaccines, the 
haemagglutinin and neuraminidase protein (required by the 
European Pharmacopoeia) in seed viruses are identified by 
immunological tests. For a pandemic vaccine, it is likely that vaccine 
production will be under way before immunological reagents are 
available for identity testing. It is thus recommended that polymerase 
chain reaction (PCR)-based identity tests are developed and used on 
vaccine seed viruses. Because of the technical demands of such tests, 
it may be necessary to perform them at a national control laboratory 
or a WHO laboratory using primers available from virus surveillance 
activities or pandemic vaccine development. Confirmation by 
classical in vitro tests should be provided afterwards.

 ■ Testing of cell culture-derived vaccines for adventitious agents: In 
a pandemic emergency, there will be limited time to perform the in 
vivo tests for adventitious agents normally required with cell-derived 
vaccines (9, 10). Manufacturers should perform a risk analysis 
for use of alternative tests based on the type of cell substrates used 
(susceptibility to adventitious agents) and the type of vaccine process 
(capacity to eliminate adventitious agents). In vivo testing could be 
substituted by validated PCR techniques only for well-characterized 
cell substrates used for influenza vaccine production. In vivo testing 
for influenza vaccines produced in novel primary, continuous and/or 

12 http://www.who.int/biologicals/publications/trs/areas/vaccines/influenza/recommen_influenza_
vaccine_nov_2003.pdf
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13 Monovalent pooled harvest is a more accurate name for the pandemic influenza vaccine bulk. Bulk also 
can be used for a monovalent vaccine, but bulk is used for seasonal influenza vaccines to describe the 
three strains pooled together.

diploid cell substrates would still need to be performed according to 
standard requirements (9, 10). In one part of the world, PCR tests 
are allowed provided a comparison of in vivo and validated PCR 
tests is performed to substantiate the approach.

 ■ Vaccine potency test: Vaccine potency is normally assessed by the 
SRID test. This test requires strain-specific antigen and antiserum 
reagents which normally require 3 months to prepare and calibrate. 
There might be different pandemic vaccine scenarios. First, specific 
antigen and antisera may not be available at the start of vaccine 
quality control testing. Second, these reagents may be available, but 
they may not be useful to test final product owing to the presence 
of certain adjuvants (e.g. alum). Third, the reagents may be available 
and the vaccine is formulated without adjuvant.
In the absence of strain-specific antiserum, the use of alternative 
potency tests such as protein and/or sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS PAGE) assays or mouse 
immunogenicity tests is recommended. However, it should be 
noted that immunogenicity studies are difficult to validate, time 
consuming and often unreliable. These surrogate potency tests 
should be validated by vaccine manufacturers and the relevant 
national control laboratories and acceptance criteria should be 
defined before the pandemic.
When SRID reagents are available, they should be used to test bulk 
vaccine (also named monovalent pooled harvest13 in one region 
of the world). Blending of vaccine into final formulation should 
be based on a potency agreed between the manufacturer and the 
national control laboratory.
SRID potency tests should also be done on final product if possible, 
but if there are difficulties (i.e. due to presence of alum), it is 
recommended that alternative, validated potency tests (see section 
F.3.7, tests of adjuvanted vaccine) be used.

 ■ Endotoxin test: If national regulations require an endotoxin test for 
batch release (required by the European Pharmacopoeia), the LAL 
assay should be evaluated by manufacturers and national control 
laboratories for possible interference by the adjuvant. If interference 
is likely, the LAL test should be done on the bulk vaccine before 
adding adjuvant.
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F.2.2 Live attenuated influenza vaccines
In the event that a LAIV is used as a pandemic vaccine, there would be similar 
concerns about rapid vaccine production and testing to those previously 
described for inactivated vaccines. However, there are some issues concerning 
tests for identity, attenuation phenotype and infectivity that also merit special 
attention with LAIV.

 ■ A reference virus, fully characterized by a WHO Collaborating 
Laboratory should be used for generation of seed viruses. If 
a highly pathogenic avian virus is chosen, the virus must be 
rendered nonpathogenic by removal of known molecular markers 
of pathogenicity. 

 ■ It may not be possible to perform immunological tests for identity of 
the HA and NA proteins in the seed virus as described for inactivated 
vaccines. It is recommended that PCR-based tests are used.

 ■ The seed virus should be tested for molecular markers of attenuation 
and identity of the virus gene segments using methods approved by 
the national control laboratory.

 ■ Tests for adventitious agents and mycoplasma on seed and vaccine 
viruses should be conducted.

 ■ Attenuation phenotype and attenuation stability of the virus should 
be established by testing in an animal model(s) approved by the 
national control laboratory.

F.3 National control laboratory batch release procedures
F.3.1 Flexibility in batch release testing by national control laboratories
Batch release of influenza vaccines by national control laboratories is essentially 
a repetition of the important quality control tests performed by a vaccine 
manufacturer. In a pandemic emergency, each national control laboratory should 
agree on procedures to ensure confidence as to quality and safety of vaccines 
without compromising rapid clinical availability of vaccines. It may therefore 
be necessary to introduce some flexibility into batch release procedures. For 
example, the scope of testing by national control laboratories could be reduced 
to include only key tests (see section F.3.2) and/or testing could be done jointly 
by the vaccine manufacturer and the national control laboratory.

F.3.2 Batch release procedures for inactivated influenza vaccines
There are technical and logistic issues for pandemic influenza vaccines which 
could affect the batch release process of national control laboratories. Although 
there are significant differences between batch release procedures around the 
world, there is consensus on the key issues in vaccine testing by national control 
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laboratories for a pandemic emergency. Most of the procedures described 
below refer to vaccine batch release during a pandemic situation. During the 
inter-pandemic situation, emergency procedures need not be applied, but the 
technical difficulties in testing described in sections i and ii should be addressed. 
First priority should be given to review of the manufacturers’ protocols and 
should always be part of the batch release by the national control laboratory.

1. First priority: protocol review

A protocol summarizing a manufacturer’s quality control test 
results should be submitted to the national control laboratory, 
preferably by electronic submission. The protocol should be based 
on the model supplied by WHO (3) but should also comply with 
national regulations.

2. The second priority, if time and resources allow, would be a protocol review 
plus the following tests or activities:

i. Vaccine potency test
In the countries where this is done, the national control laboratory 
should perform potency tests on bulk vaccine (before adding 
adjuvant) in parallel with tests required by manufacturers to release 
batches. Alternative, a validated potency test should be performed on 
adjuvanted final product.
The national control laboratory should perform SRID tests when 
reagents are available. In special pandemic circumstances, greater 
interchangeability of reagents may be required than when testing 
seasonal influenza vaccines. When SRID reagents are not available, 
an agreed surrogate potency test should be performed. If in a 
pandemic situation, national control laboratories will not perform 
potency tests on final product, manufacturers should formulate 
vaccine based on a potency agreed between the manufacturer and 
the national control laboratory. Manufacturers should formulate 
vaccine based on a potency value agreed between the manufacturer 
and the national control laboratory.  This agreement would enable 
the formulation of the final lot of vaccine based on the potency of 
bulk vaccine with the required degree of confidence.
If tests on final product are required by a national control laboratory 
(e.g. for assessment of vaccine stability), it is recommended that 
a subset of batches be tested for antigen content using a validated 
potency test (see section F.3.7, tests of adjuvanted vaccines).  
Immunogenicity using an appropriate animal model might be 
considered; however these studies are difficult to validate, time 
consuming and often unreliable.
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ii. Endotoxin test
If required by national regulations for batch release, the LAL test 
should be evaluated by vaccine manufacturers and national control 
laboratories for possible interference from adjuvant. If interference 
is detected, the LAL test would be done on the bulk vaccine before 
adding the adjuvant.

iii.  Trend analysis
In situations where there is extreme urgency for vaccine production 
and quality control testing, there is the potential for mistakes which 
could affect vaccine safety and/or efficacy. Particular consideration 
should be given to monitoring the manufacturers’ and/or national 
control laboratory’s quality control data to reveal any trends 
towards non-compliance (e.g. coefficient of variation, stability). 
Where applicable, it may be desirable to establish a link between 
the national control laboratory and the national inspectorate to 
ensure compliance with good manufacturing practices during 
upstream production.

F.3.3 Batch release procedures for live attenuated influenza vaccines
For LAIV products, consideration should be given to performing an assessment 
of the attenuation of the vaccine by testing in suitable animal models, by testing 
for any in vitro markers of attenuation or by performing a general safety test. 
Review of the manufacturer’s test results is also critical for the assessment of the 
suitability of the vaccine lot for release.

F.3.4 Mutual recognition of batch release
When pandemic vaccine bulks or final lots are shipped from the country of 
origin to another country, it is proposed that the national control laboratories of 
both countries work towards recognizing mutual batch release. This would avoid 
duplication of the same batch release process by two or more national control 
laboratories. It is recognized that national control laboratories will require time, 
evidence and support to develop mutual confidence in the results of another 
national control laboratory. It is proposed that WHO coordinates a process for 
the purpose of evidence-based mutual recognition of batch release data.

F.3.5 Number of batch release tests needed
It is difficult for any national control laboratory to estimate its capacity for 
pandemic vaccine batch release when it is not clear how many batches will be 
submitted. Similarly, it is difficult to estimate the number of pandemic vaccine 

WHO_TRS_963.indb   160 11/8/11   11:26 AM



Annex 2

161

SRID reagents needed globally in the absence of this information. Vaccine 
manufacturers should provide estimates of the likely number of pandemic 
vaccine batches and the number of SRID tests required. This information 
should be provided to the relevant national control laboratory and to WHO 
as appropriate.

F.3.6 Provision of reagents for SRID tests
SRID reagents for batch release of seasonal influenza vaccines are normally 
supplied by one of four laboratories that are part of the WHO network. The 
reagents are developed and calibrated jointly by collaborative study among the 
four laboratories; this process normally takes about 3 months. In a pandemic, 
these procedures may not be able to ensure a speedy and adequate supply 
of reagents.

 ■ International collaboration: In an an emergency, there may be 
transport and import restrictions. The aforementioned laboratories 
normally involved in producing SRID reagents may find it difficult 
to exchange reagents for cross-calibration. These laboratories should 
be prepared to take responsibility for performing calibration of new 
pandemic vaccine viruses either alone or using locally-developed 
networks which may include vaccine manufacturers and/or other 
national control laboratories.

 ■ Supply of SRID antigen: One of the manufacturers usually supplies 
the regulatory authorities with one of their first batches of antigen in 
a new vaccine campaign for use as the SRID antigen. In a pandemic 
situation, vaccine manufacturers would be under enormous 
pressure to meet orders in time and may find it difficult to supply 
the SRID antigen. National control laboratories and manufacturers 
should ensure that there are secured contractual arrangements in 
place (preferably with a back-up) for supply of antigen for quality 
control purposes.

 ■ SRID libraries: When a new candidate H5N1 vaccine virus strain 
is developed through WHO processes, there is a need for matching 
SRID reagents. A SRID antigen must be antigenically homologous 
to the vaccine antigen; therefore, it can only be produced when the 
identity of the candidate pandemic vaccine virus is known. However, 
production of SRID antiserum requires approximately 3 months for 
preparation. There is evidence that sheep antisera are cross-reactive 
between antigenic drift variants, so that antiserum prepared against 
one H5N1 virus may be usable in SRID tests of another H5N1 virus.
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WHO should play a coordinating role between vaccine manufacturers 
and the four laboratories normally involved with reagent production to 
ensure that reagents are available for each candidate H5N1 vaccine strain. 
SRID reagents are also being developed for other virus strains recognized by 
WHO as priority pandemic subtypes (i.e. H7, H2 and H9). National reference 
laboratories and manufacturers should ensure that the reagents from a library 
are acceptable for quality control purposes. One criterion for acceptability may 
be that the reagents are evaluated among the four laboratories involved in SRID 
reagent preparation.

F.3.7 Tests of adjuvanted vaccines
It is known that alum interferes with the SRID potency test and may interfere 
with the LAL endotoxin test. However, in one region of the world, alum used in 
the formulation of vaccines for novel influenza viruses from two manufacturers 
does not interfere with the LAL test. During development of pandemic influenza 
vaccines, there should be an evaluation of interference in key quality control 
tests. Methods to elute vaccine antigen from alum or other adjuvants should be 
evaluated and information shared between vaccine manufacturers and national 
control laboratories. If alternative tests for antigen content (e.g. protein and/or 
SDS PAGE) are developed by vaccine manufacturers, information should be 
shared with the relevant national control laboratory in preparation for batch 
release testing.

F.3.8 Risk assessment
Each NCL should carry out a risk assessment to ensure that batch release of 
pandemic vaccine is not compromised by problems which could have been 
prevented. Questions that should be addressed include:

 ■ Are there sufficient personnel trained in batch release of influenza 
vaccine to cope with the increased amount of testing? Should staff 
be required to work in shifts? (Back-up staff should be trained if 
necessary.)

 ■ Is there need for a back-up national control laboratory?
 ■ Will batch release personnel be immunized against infection during 

an influenza pandemic? Consideration should be given to use of 
antivirals, candidate pandemic vaccines, and quarantine procedures.

 ■ Will the national control laboratory’s essential services be 
maintained during a pandemic when there may be high numbers 
of staff absences? Services could include utilities (e.g. gas, electricity 
and water), information technology and communications support, 
laboratory supplies and essential vaccine testing programmes.
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 ■ Is there a press policy? There will be heightened press interest in 
vaccine testing activities during a pandemic and batch release staff 
need to be protected from this. 

 ■ Will there be transport restrictions (including on import or export) 
on SRID reagents and vaccines? A mechanism is needed to avoid 
such restrictions.

 ■ Has an assessment been performed to ensure that all foreseeable 
risks to the supply of SRID reagents have been mitigated? Topics to 
be addressed should include

 – large-scale supply of antigen;
 – availability of freeze-drying facilities;
 – availability of sheep;
 – ordering and shipment of reagents; and
 – information exchange with other collaborating centres and 

vaccine manufacturers.

 ■ Are there adequate storage facilities at the national control 
laboratories to handle the anticipated surge in samples for testing?

Part G. Postmarketing surveillance
G.1 General remarks
It is quite likely that limited immunogenicity and safety data, and no efficacy 
data will be available when human pandemic influenza vaccines are first 
administered after a pandemic is declared. Furthermore, the vaccines may be of 
different strain composition to that in vaccines against novel human influenza 
viruses studied before the pandemic.

Clinical trials with vaccines against novel human influenza viruses 
during the inter-pandemic phase will mainly detect common AEFIs, and 
will probably not address rare adverse events, potential safety issues within 
subgroups, or potential vaccine–drug interactions. Safety experience with 
seasonal influenza vaccines may have only limited relevance due to the changes 
in vaccine strain composition and manufacturing procedures made to produce 
pandemic influenza vaccines. In consequence, the risks and benefits of pandemic 
influenza vaccines will need to be studied postmarketing.

Because of the likely extreme conditions of a pandemic, clear 
postmarketing surveillance objectives to evaluate effectiveness and safety of 
a pandemic influenza vaccine need to be agreed upon in advance. Protocols 
should be developed to ensure that effectiveness and safety of the pandemic 
vaccine are adequately documented, analysed and assessed during use in 
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the field. Preparedness plans for postmarketing surveillance should enable 
authorities to quickly and adequately assess vaccine safety, immunogenicity 
and effectiveness, thereby allowing them to make evidence-based decisions 
concerning any necessary changes in vaccination programmes (e.g. virus drift). 
Important aspects of study protocols need to be agreed upon in advance, and 
functionality of protocols and systems should be tested in the inter-pandemic 
period. Sponsors should seek approval by ethics committees and/or institutional 
review boards and by national regulatory authorities (if necessary) in advance. 
A need for flexibility, constant real-time review, and adaptability to changing 
plans and study designs of postmarketing surveillance will arise. Therefore, it 
is important to determine feasible and realistic conditions for postmarketing 
surveillance in different scenarios.

Setting up a postmarketing surveillance plan to respond to an influenza 
pandemic would facilitate an appropriate response to public concerns and 
maintain the public’s confidence in the vaccination programme. The sharing 
of postmarketing information (e.g. safety signals) is important, especially for 
those countries that do not conduct routine postmarketing surveillance. Such 
postmarketing preparedness requires collaboration between all stakeholders, 
WHO, public health authorities, national regulatory authorities and industry.

G.2 Postmarketing considerations for vaccines 
against novel human influenza viruses

With limited knowledge on immunogenicity and safety of vaccines against 
novel human influenza viruses and no knowledge of their efficacy regarding 
cross-protection with a pandemic strain, some governments might plan to 
stockpile vaccines against novel human influenza viruses and immunize 
certain at-risk populations (i.e. poultry culling crews, veterinarians, influenza 
laboratory workers and health care providers) before a pandemic is declared. 
Some countries may also opt to use these vaccines for pandemic preparedness 
in WHO Phases 4 and 5 (i.e. if a vaccine strain was considered a close enough 
match to a virus transmissible between humans).

Using vaccines against novel human influenza viruses in the inter-
pandemic period would provide an important opportunity to collect data 
on safety and immunogenicity. To expand the safety and immunogenicity 
databases, it is advisable to plan the collection of information from 
observational studies or vaccination registries when the opportunity arises. As 
a prerequisite, data collection should allow for well-designed and pre-planned 
analysis. These data should also be assessed for implications on surveillance 
activities during the pandemic and for the need for any modification of 
postmarketing surveillance plans.

Ideally, vaccine immunogenicity and safety should be determined in 
cohorts of vaccinees from different age and risk groups; however, the choice 
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of population to study depends on the immunization strategy. Determining 
immunogenicity and safety before the pandemic in all age groups, pregnant 
women, and representative numbers of patients with comorbidities is unlikely 
to be practical and may even be unfeasible.

When feasible, the following parameters may be considered:

Immunogenicity

 ■ assessment of antibody persistence (study of antibody kinetics);
 ■ induction of immunity to other influenza strains (cross-reaction 

and cross-protection studies); 
 ■ response to booster doses.

Plans should consider a selection of tests to be performed at specific 
time points. It might not be necessary to perform a full characterization of 
the immune response every time. However, HI titres should be measured at 
each time point for each vaccine formulation. In the absence of internationally 
validated and harmonized assays, inconsistent data should be interpreted with 
caution. Testing of cell-mediated immunity and neutralization assays should 
also be performed using standardized methods, when these are available.

The frequency of testing might be higher at the start of using vaccines 
against novel human influenza viruses in order to define antibody kinetics. 
A sufficient volume of serum should be stored under appropriate conditions 
in order to allow re-testing with novel methods as they are developed. It is 
important to identify the period over which boosting can be effective for both 
homologous and heterologous strain vaccines, if available.

Efficacy

The effectiveness of vaccines against novel human influenza viruses 
administered in the inter-pandemic period can only be studied during exposure 
of the population to the pandemic virus (i.e. during the influenza pandemic). 
Nevertheless, a strategy to follow up vaccinees who come into contact with 
an avian (i.e. non-pandemic) influenza virus (e.g. poultry workers, cullers, 
veterinarians and diagnostics laboratory workers) in the inter-pandemic 
phase should be developed beforehand. Follow-up strategies will depend on 
how the vaccine is used in countries and may vary between countries. As a 
general principle, follow-up strategies should be based on the best available 
information and this requires collaboration of all stakeholders (i.e. national 
regulatory authorities, health authorities, vaccine manufacturers and health 
care professionals). At a minimum, disease signs and seroconversion should be 
investigated in these populations. If available, pre-exposure titres should also 
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be assessed if seroconversion originated from vaccine virus or from exposure 
to the wild type virus. Plans should also address monitoring the effectiveness of 
inter-pandemic priming in the pandemic phase.

Safety
In principle, all options to demonstrate vaccine safety should be explored and 
implemented in the inter-pandemic period as the opportunity will no longer 
be available once pandemic Phase 6 is declared. These options may include 
enhanced passive surveillance, active surveillance and, if feasible, safety studies. 
Procedures described in the routine pharmacovigilance system should apply.

Adverse events of special interest are also considered important and 
should be specifically monitored by documenting cases reported by health care 
professionals. Case definitions from the Brighton Collaboration should be used 
if possible (29). Background data for these adverse events of special interest are 
important for the interpretation of reporting rates.

In the case of priming large parts of the population with vaccines against 
novel human influenza viruses within a short time, health care professionals 
should be encouraged to prioritize reports of the following adverse events:

 ■ fatal or life-threatening adverse reactions; 
 ■ serious unexpected adverse reactions; and 
 ■ AEFIs.

Health care professionals should also be encouraged to report at least 
a minimum set of data to properly evaluate the suspected adverse events and 
reports. Co-medication is another important item to record and report.

For those countries with adequate electronic tools, it is recommended 
that an ad-hoc reporting system (e.g. electronic reporting) be instated for the 
duration of the vaccination campaign. Additional ad-hoc safety reports may be 
of importance. The format and periodicity of reporting may be the same as for 
pandemic vaccines. If a safety signal were to arise, reactive hypothesis testing 
studies might be warranted.

G.3 Postmarketing considerations for 
pandemic influenza vaccines

G.3.1 Implementation of postmarketing surveillance
Pharmacovigilance and epidemiological surveillance systems will most 
probably be weakened during a pandemic possibly resulting in limited 
numbers of personnel available in industry, regulatory agencies and public 
health agencies. A pandemic situation will require a prioritization of 
activities (i.e. pharmacovigilance and effectiveness) with simplification and 
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harmonization measures that replace excessively time-consuming and non-
urgent activities. To avoid duplication of work, stakeholders should clarify 
responsibilities beforehand.

Some countries already have or are in the process of establishing or 
enhancing surveillance systems for seasonal influenza vaccines. Some systems 
may also meet the postmarketing surveillance needs of pandemic influenza 
vaccines. It is strongly recommended that methods, tools and systems to 
investigate safety and effectiveness of pandemic vaccines be implemented in the 
inter-pandemic phase. Countries are advised to pilot regulatory preparedness 
during the seasonal vaccination programme to ensure that pandemic vaccine 
postmarketing surveillance systems provide robust and reliable information. 
Critical assessment of the strengths and limitations of the postmarketing 
systems would then help with meeting public health needs during the 
pandemic. Alternatively, systems may be tested with other vaccines. However, 
it is essential that the pilot testing of regulatory preparedness covers all age 
groups (children, adults and the elderly) as pandemic influenza vaccines might 
target the whole population.

The mechanisms for sharing data on the effectiveness, efficacy and safety 
of seasonal influenza vaccines among different countries should be used as a 
pilot test of regulatory preparedness concerning exchange of information once 
the pandemic is declared.

Uncertainties regarding the use of the pandemic influenza vaccines have 
to be acknowledged and include:

 ■ availability of pandemic influenza vaccines;
 ■ differing strategies concerning the use of vaccines against novel 

human influenza viruses in the inter-pandemic and early pandemic 
periods;

 ■ prioritization of the targeted populations in the early pandemic 
period (e.g. first responders and specific risk groups) and follow-up 
approach;  

 ■ different settings for vaccine distribution and immunization e.g. 
workplace, community centres or general practitioners; 

 ■ different types of vaccines used in different countries (information 
on safety and effectiveness should be available on all vaccines); 

 ■ differences in health system organization; 
 ■ availability of data sources and surveillance systems in place for 

seasonal influenza illness and seasonal influenza vaccine (safety and 
effectiveness and efficacy);

 ■ study protocols already in place for investigating safety of pandemic 
influenza vaccine in some countries;
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 ■ availability of large electronic databases and pre-existing methods 
of data collection.

It is unlikely that a single postmarketing surveillance method will be 
suitable in all situations of influenza vaccine use in different countries. Although 
data collection methods may differ between countries, the following common 
principles apply:

 ■ rapid generation of data on effectiveness and safety as a basis for 
operational decisions and model predictions;

 ■ comprehensive analysis of safety and efficacy data by subgroups, 
e.g. children stratified by age categories, adults, the elderly, pregnant 
women, patients with chronic disease and immunocompromised 
patients; 

 ■ postmarketing surveillance protocols and detailed workplans should 
be agreed upon beforehand;

 ■ use of common terminology for consistent communication across 
regulatory bodies worldwide;

 ■ data collection that allows for:

 – estimation of incidence;
 – comparison and differentiation between vaccines, events 

associated with influenza vaccine and those associated with other 
vaccines;

 – aassessment of causality for adverse events conducted at the 
earliest feasible time; 

 – evaluation of possible virus drift over time and impact on 
vaccine effectiveness in the different target groups; 

 – comparison of effectiveness among different pandemic vaccines 
if more than one vaccine is used in a country.

For continuous and balanced assessment of benefit and risk, provisions 
should be made to have, in at least one place per country, access to the 
entire body of information on safety and effectiveness of influenza vaccines. 
Furthermore, provision should be made for the international exchange of such 
data and the associated risk–benefit assessments.

National public health authorities, WHO, national regulatory authorities 
and vaccine manufacturers need to assess their capacities in anticipation of 
a pandemic crisis. The probability of having to handle large datasets within a 
short time is high during a pandemic. The availability of resources in the case of 
a pandemic should be critically evaluated. Provisions should be made to make 
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available the necessary resources in terms of personnel, technical equipment and 
tools to collect, manage and assess the data needed to respond to public needs.

G.3.2 Pharmacovigilance activities
The data available on the safety of pandemic influenza vaccines will inevitably be 
limited at the time of first administration. In addition, long-term safety studies 
of pandemic vaccines will not be feasible and will probably not be relevant 
during a pandemic. Monitoring for delayed adverse events after the pandemic 
using routine pharmacovigilance (i.e. spontaneous reporting of AEFIs and 
periodic safety reports (PSRs)) may be supplemented, if necessary, by ad hoc 
epidemiological studies. Therefore, preparedness plans should consider:

 ■ routine pharmacovigilance activities (spontaneous reporting, PSR, 
and data management); 

 ■ additional pharmacovigilance studies (monitoring system for severe 
AEFIs, and epidemiological studies with feasibility analysis); and 

 ■ procedures for information-sharing.

G.3.2.1 Routine pharmacovigilance
G.3.2.1.1 Spontaneous reporting

The potential disruption to postal services and limited availability of health care 
professionals during a pandemic require the development and/or strengthening 
of alternative channels for reporting adverse reactions i.e. fax, telephone or 
electronic transmission. The functionality and validity of these systems should 
be tested before the pandemic. Due to potential postal backlogs, consideration 
should be given to discouraging postal reporting to avoid loss of data at critical 
times. Back-up strategies for transmission of safety information need to be 
developed to ensure the preparedness of the system (i.e. if mail and/or electronic 
transmission fail, the telephone might work).

Simplified reporting forms for health care professionals and consumers 
should be developed to enhance compliance in a crisis. Forms should focus on 
fields of information absolutely necessary for evaluation, which would include 
patient identifier, age, adverse event, time-to-onset, outcome, vaccine, batch, 
vaccine dose, concurrent use of other vaccines and medicines, concomitant 
diseases and risk factors. It is strongly recommended to validate the relevance of 
selected fields to the medical assessment applied to seasonal influenza vaccines 
in the inter-pandemic period. Such experience should be communicated to 
WHO to facilitate development of further guidance. Each country should 
ideally have at least one national centre to which manufacturers and health 
care providers could report. Consumer reporting, where acceptable, should 
also be used.
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All serious and medically-significant AEFIs (e.g. febrile convulsions, 
Bell’s palsy and Guillain-Barré Syndrome (GBS)) may be reported to the 
relevant national centre and from national centres to regional or global 
databases (i.e. WHO Vigibase and rapid reporting system, and the EMEA 
EudraVigilance). These events should ideally be reported within fewer than 
15 days for quantitative detection of previously unrecognized adverse events 
associated with the use of the different pandemic influenza vaccines.

Countries that do not have a database available for registration and 
querying of AEFIs may explore the implementation and use of the WHO Vigibase 
to meet national pharmacovigilance needs. Countries interested in obtaining a 
national licence for the WHO Vigibase are advised to contact the Uppsala Data 
Monitoring Centre (WHO Programme for International Drug Monitoring and 
the Uppsala Data Monitoring Centre) using the following weblink: http://www.
who-umc.org/DynPage.aspx . In the absence of a national pharmacovigilance 
centre, expanded programmes on immunization are also encouraged to submit 
data on AEFIs.

As a minimum requirement, frequent exchanges (e.g. every 2–3 days 
within the first few weeks post-vaccination and weekly thereafter) of line-listings 
(according to the relevant Council for International Organizations of Medical 
Sciences form at http://www.cioms.ch/cioms.pdf) might be acceptable where 
no database of AEFIs is accessible.

A list of specific potential adverse events of particular interest should 
be drawn up for “active” reporting (e.g. convulsions, anaphylaxis, neuritis, 
Bell’s palsy, GBS, oculorespiratory syndrome, or arthritis or arthralgia). Case 
definitions (e.g. for each high priority reaction) should be developed with 
corresponding WHO Adverse Reaction Terminology (http://www.umc-
products.com/DynPage.aspx?id=73589&mn1=1107&mn2=1664) or standard 
MedDRA queries (SMQs) (http://apps.who.int/bookorders/WHP/detart1.
jsp?sesslan=1&codlan=1&codcol=84&codcch=25# and http://www.ich.org/
LOB/media/MEDIA5261.pdf). Case definitions published by the Brighton 
Collaboration may be helpful to identify key elements including data collection 
and data analysis (30). A number of new case definitions will be published soon 
or are under development, such as that for GBS. Harmonization of reporting 
rules, language and dictionaries across countries may be considered. Vaccine 
failure should not be prioritized, as there are likely to be many suspected cases 
and there will be other, more robust means to assess vaccine effectiveness.

Data management should allow for retrieval and analysis by age, 
number of doses received, different vaccines and underlying diseases. The safety 
profile of a vaccine may vary among different batches, therefore retrieval of 
data on different batches is necessary. Rapid transmission of information on 
safety is essential. Information on AEFIs should be communicated by vaccine 
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manufacturers to national regulatory authorities ideally within 15 days. National 
regulatory authorities may consider working with the media on information 
campaigns to educate the public on identifying reportable adverse reactions.

G.3.2.1.2 Periodic safety reports

Periodic safety reports (PSR) by manufacturers may provide an opportunity for 
aggregated summary safety data. These reports should be product-specific, and 
simple to prepare and assess. The periodic safety reports should be more than 
a duplication of case data on AEFIs and should involve some degree of signal 
analysis. The frequency and the content of the report including reporting formats 
and tabulations must be agreed upon beforehand. The report should be as simple 
as possible. The events do not need to be validated during the pandemic period 
and the capacity to produce and review the reports needs to be considered.

More frequent submission of PSRs may be important in the first 4–6 
weeks after the start of vaccination and they may be submitted less frequently 
thereafter. The PSR may contain information on the number of the different 
types of AEFIs in the reporting period: fatal AEFIs, life-threatening AEFIs, 
AEFIs of interest (e.g. allergic reactions requiring immediate resuscitation 
and serious neurological adverse events), special populations and unexpected 
AEFIs. The AEFIs may be presented according to the strength of the signal or 
according to system organ classes. Any meaningful disproportion between 
batches should be evaluated and discussed. Non-serious AEFIs are considered 
to be of less importance and should not be included in the report. An electronic 
spreadsheet may present tables of AEFIs with a unique case identifier and a 
limited number of fields. Data on vaccine distribution by batch and country 
(period covered by PSR and cumulatively since vaccine launch) should be 
provided. Vaccine manufacturers should be prepared to submit an ad hoc PSR in 
the event of a signal.

At an agreed time after the pandemic period, an ‘ad-hoc’ PSR update 
in a recommended format (29, 30) should be prepared with a summary of all 
safety data covering the period since the last report. The aggregated summary 
reports are expected to help national regulatory authorities to compare vaccines 
for possible differences in safety profiles.

G.3.2.1.3 Signal detection

A large amount of safety information is expected to be generated during 
pandemic vaccination. Signal detection, even by crude inspection of single 
cases or line-listings, might not be adequate. Depending on the number of 
reports, quantitative, automated numerator-based and data-mining methods 
(e.g. proportional reporting ratios or Bayesian methods) may also be used for 
detection of adverse event signals.
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Existing tools should be used and ideally adapted for issues relating 
to influenza vaccine. It is noted that quantitative signal detection methods for 
drugs may not apply for pandemic influenza vaccines. Vaccines require special 
consideration when applying data-mining tools to reduce background noise and 
to make appropriate comparisons. Comparisons should be made in groups with 
similar likelihood of experiencing similar adverse events. It may be necessary 
to stratify by age, seriousness of event, gender and dose. Since it is very likely 
that concomitant diseases such as sudden infant death syndrome, myocardial 
infarction, seizures and others will be reported, the analysis may be based on a 
comparison with other vaccines and not with drugs.

Data-mining tools may support the detection of unexpected AEFIs, 
whereas comparisons of reporting frequencies of AEFIs of interest (e.g. 
reporting rate after seasonal influenza vaccines) might provide an important 
signal with regard to possible increase of the incidence of certain expected 
AEFIs. It is acknowledged that one tool might not be sufficient to address all 
questions. The use of several tools or methods in parallel may be considered.

Specific computerized methods of signal detection should be tested in 
the inter-pandemic phase with suspected AEFIs reported for seasonal influenza 
vaccines or other vaccines used in the same target population. This process 
will aid in assessing the strengths and limitations of the method and avoiding 
possible misinterpretations or false alarms.

G.3.2.1.4 Programmatic errors

Improper handling of vaccines before, or during, immunization sessions may 
lead to infections, bacterial contamination and abscess formation, especially if 
multidose container vaccines without preservative are used. The general guidance 
of WHO (15) should be followed in this respect.

G.3.3 Additional pharmacovigilance activities
Postmarketing surveillance should address safety issues specific to pandemic 
influenza vaccines. Non-serious adverse events are generally of less importance 
in a pandemic situation. Safety parameters based on biological plausibility of the 
occurrence of certain adverse events should be investigated in detail. Targeted 
monitoring may be required for certain types of reactions (i.e. GBS and Bell’s 
palsy), which can be anticipated for pandemic vaccines on the basis of their 
relationship to currently licensed or tested influenza vaccines. Safety parameters 
should be appropriate for the specific pandemic vaccine (e.g. cell-culture based 
vaccines, whole virion vaccines or adjuvanted vaccines).

G.3.3.1 Methodological considerations
Protocols for postmarketing safety studies should be developed in advance. The 
key issues to be addressed are:
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 ■ target population to be studied;
 ■ sample size;
 ■ outcomes to be studied;
 ■ analysis and control groups;
 ■ data sharing; and
 ■ follow-up of signals detected.

Depending on resources and pre-existing systems, different methods 
may be appropriate. Possible designs may include:

 ■ establishment of web-based procedures for active follow-up of 
vaccinees;

 ■ recruitment of subjects immunized with seasonal trivalent influenza 
vaccine during the interpandemic period, which would also 
allow a comparison of the safety of interpandemic and pandemic 
influenza vaccines;

 ■ standardized case definitions and ascertainment of outcomes; and
 ■ development of study databases in the inter-pandemic phase.

Procedures should be in place to collect data on a continuous basis 
(e.g. through a web-based system). Automated procedures to detect predefined 
adverse events may help to identify potential safety issues as quickly as possible. 
Statistical analysis may be performed at defined times or based on certain 
triggering events. Ideally, decision thresholds should be specified in a statistical 
plan beforehand.

G.3.3.2 Analysis
Possible questions to be answered by safety studies might be:

 ■ whether the overall safety profile of the pandemic vaccine is acceptable 
in the pandemic situation (aiming to extend the safety database);

 ■ whether the safety profile of the pandemic vaccine is comparable 
with the historical data on inter-pandemic vaccines; or

 ■ whether it is comparable with the clinical phase 1–3 data on a 
vaccine against a novel human influenza virus.

Possible methods for analysing data on safety of an influenza vaccine 
include:

 ■ relative risk (and confidence intervals) with stratification by age and 
other relevant risk factors;
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 ■ historical comparison; and
 ■ observed versus expected analyses.

Pooling of data might increase the power of statistical analyses especially 
for analysis at the risk-subgroup level.

G.3.3.3 Target population
The target population for a postmarketing study should include groups not 
covered in the clinical trials conducted in the inter-pandemic phase. Subgroups 
(e.g. first responders such as health care professionals and their family 
members) likely to receive early vaccination may be selected for participation 
in postmarketing studies. Other groups that might be vulnerable to influenza 
and AEFIs (e.g. elderly people, children and pregnant women) need to be 
included in postmarketing surveillance. Studies might also be conducted in 
children’s homes, kindergartens and schools. Adequate sample size for analyses 
of important subgroups should be justified and documented by calculations of 
statistical power.

G.3.3.4 Randomized clinical trials
As randomized clinical trials provide the highest level of evidence, this design 
might be envisaged in the first pandemic wave when enough vaccine for the 
entire population is not yet available. In this situation, it might be ethically 
acceptable, in some countries, to allocate non-eligible subpopulations (i.e. low 
risk groups who will receive late vaccination) to both the vaccine-receiving 
and non-receiving groups. If there is insufficient vaccine for all eligible people, 
it might also be ethically acceptable to randomize them. Effectiveness and 
immunogenicity of pandemic-specific strains may also be studied in randomized 
clinical trials. The study protocol should be agreed upon in the inter-pandemic 
phase. However, it should be acknowledged that such studies may be very 
difficult to conduct under pandemic conditions.

Randomized clinical trials may also be conducted in a situation where 
the human pandemic influenza vaccine is intended for use in the inter-pandemic 
phase in special risk groups i.e. poultry workers, cullers, first responders and 
their families.

G.3.3.5 Prospective cohort study with a comparison group unexposed to vaccine
A prospective cohort study design may also be feasible in some countries to 
assess risks associated with the use of pandemic vaccines during a pandemic. It 
might be possible to identify a cohort of people who will receive vaccination very 
early (e.g. high-risk groups or first responders) and a cohort who will receive 
vaccination later.
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The same holds true for situations where the strain in a vaccine against 
a novel human influenza virus is antigenically close to the pandemic strain, 
and vaccine stockpiles would be used in certain target groups in the very early 
pandemic phase when pandemic vaccine would not yet be available.

G.3.3.6 Prospective (observational) cohort study design without control group
Observational studies provide a simple methodology to demonstrate that the 
safety profile of the pandemic vaccine is acceptable under real-life conditions. 
The safety of the pandemic vaccine would be investigated in a predefined 
number of vaccinees (e.g. a few thousand) who will receive vaccination in the 
early pandemic phase. In this study design, comparison incidence rates might 
be obtained from the medical literature or from historical data.

G.3.3.7 Case–control study design
Case–control studies are useful for rare adverse reactions to the vaccine and 
may be useful in investigating particular serious and rare AEFIs, such as 
GBS, although such studies may not be the method of choice to provide rapid 
information during the pandemic. Nested case–control analyses may be useful, 
if large population-based databases including vaccinated and non-exposed 
(infected) subjects can be identified.

G.3.3.8 Use of large computerized database
Systems allowing automated data extraction (safety and efficacy) might exist or 
be set up in some countries. Systems requiring specific conditions that probably 
do not exist in many countries include the electronic network and legal 
framework to extract patient-based information from electronic systems and 
allow its use by health care professionals. If such systems exist or are currently 
being developed, it might be useful to test them in the inter-pandemic period. 
These databases might also be useful for evaluation of delayed AEFIs and of the 
effectiveness of pandemic-specific strains.

G.3.4 Immunogenicity, efficacy and effectiveness
Disease incidence during an influenza pandemic cannot be anticipated. Unlike 
for other diseases, measuring vaccine effectiveness as “the protection rate 
conferred by vaccination in a certain population” will be impossible and the 
true impact of the vaccination on a population cannot be determined. However, 
an estimation of protection in individuals may be made.

In addition to existing surveillance systems to monitor the onset 
and evolution of the pandemic, Public health authorities may consider the 
installation of enhanced surveillance tools to analyse the “effectiveness” of 
vaccination campaigns. Protocols should be developed in the inter-pandemic 
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phase. The study design may need to be reviewed in light of the anticipated 
epidemiological features of the pandemic. The methods to be used will depend on 
the existing vaccination strategy and tools. For example, if the entire population 
was vaccinated, non-vaccinated groups would not be available for comparison 
cohort studies (although data from the pre-vaccination period would be useful). 
The analysis of data from electronic registries or linked databases may be 
feasible only in a few countries. Different methods and strategies may be used 
in different countries. A number of examples are provided in section G.3.5 and 
its subsections.

G.3.5 Study design
Vaccine effectiveness may be estimated from observational cohort studies 
that describe disease occurrence prevented in the target population over 
time. Alternatively, vaccine effectiveness may be estimated during a phased 
introduction of the vaccine into the target population, in which the non-
eligible groups (first wave) might form the strata for randomization. Without 
a randomization step, considerable biases may be introduced. A prospective 
cohort design might also be conducted ensuring that an adequate mix of 
individuals reflects the target populations to be vaccinated. If plans to prioritize 
vaccination in the first wave (e.g. first responders will receive vaccination early) 
exist, identification of the cohorts and a detailed study plan should be possible in 
the inter-pandemic phase.

Continuous assessment of vaccine effectiveness throughout the whole 
pandemic is essential to detect possible virus drift and to enable public health 
authorities to modify, if necessary, the vaccination programme. The extension 
of the follow-up period for a subset of the cohort members may address this 
objective. Possible virus drift can also be investigated by identification and follow-
up of cohorts of subjects successively immunized with the pandemic vaccines. 
Another option is sentinel reporting of clinical disease throughout the whole 
pandemic. Clinical data should be linked with laboratory surveillance data.

Some countries might choose a stepped wedge design for postmarketing 
surveillance of the effectiveness of a vaccination programme. This method 
is particularly suitable when the vaccine is introduced in phases, group by 
group, until the entire target population is covered; the groups form the unit 
for randomization (31). As subjects with a higher risk for infection and/or 
severe disease may receive vaccination first, the introduction of bias should be 
carefully considered.

Case–control studies are particularly useful for diseases with low 
incidence or small isolated outbreaks and therefore might not be ideal to 
measure the effectiveness of pandemic influenza vaccines.

In order to make appropriate decisions, real-time data should ideally 
be collected, evaluated and analysed by national regulatory authorities and/
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or public health authorities. Any hold-up in this process may cause delays in 
decision-making with serious implications for public health.

G.3.5.1 End-points
Laboratory confirmation of influenza virus may not be feasible as the 
primary end-point for postmarketing surveillance of effectiveness in the 
entire population, but only for a defined subset of the population. Laboratory 
surveillance may provide important information concerning possible virus drift 
variance and subsequent loss of effectiveness of available vaccines.

In most instances, the evaluation of protective effectiveness will focus 
on the ability of the vaccine to prevent clinical disease, such as influenza-like 
illness, most likely without laboratory confirmation. However, the positive 
predictive value of clinical disease should be high in a pandemic. It may also 
be appropriate for the primary analysis to focus on overall mortality from 
pneumonia and clinical mortality from influenza. As influenza vaccines may 
prevent severe complications rather than mild disease, special attention should 
be given to severity of disease and influenza-related complications.

G.3.5.2 Conduct of studies
Analysis of all cases of influenza should be provided regardless of time since 
vaccination. All vaccine failures (as defined) and any other breakthrough cases 
should be investigated in detail.

Case-definitions should be used for diagnosis of primary end-point(s) 
(e.g. WHO definition of clinical disease, definition of need for hospitalization 
and categories for severe disease) and should be specified in the protocol. 
It is critical that the same case-detection methodology be applied in the 
vaccinated and unvaccinated groups and throughout the duration of the study. 
It is crucial that the individuals most likely to initiate possible case-detection 
have clear instructions related to criteria for contacting designated healthcare 
professionals, telephone contacts, and on initial and further investigations once 
a case is confirmed.

In studies where influenza detection assays are used, procedures should 
be in place to ensure that these assays are sensitive and validated.

G.3.6 Postmarketing surveillance in different target groups
In a pandemic situation, it is very likely that health authorities may have to 
make recommendations on the use of the vaccine in population groups not 
previously studied in clinical trials. Postmarketing surveillance of safety and 
effectiveness in particular target groups is recommended to enable national 
regulatory authorities and health authorities to review the appropriateness of 
public health decisions.
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G.3.6.1 Age
Immunological responses to vaccines depend on the independent and 
coordinated function of innate and adaptive immune responses which differ 
between infants and adults. These age differences in immune response might 
translate into differences in the efficacy and safety of certain types of pandemic 
influenza vaccine. Targeted surveillance of effectiveness and safety in different 
age categories is thus warranted.

G.3.6.2 Pregnant women
Based on morbidity from seasonal influenza, pregnant women are considered 
to constitute a risk group for influenza-related complications and public health 
authorities might therefore recommend vaccination of pregnant women. On the 
other hand, pregnant women are unlikely to be included in clinical trials with 
vaccines against novel human influenza viruses. Although inactivated vaccines 
are considered to cause no harm when administered to pregnant women, the 
knowledge concerning reproductive toxicity of inactivated vaccines against 
pandemic influenza (as they will be new vaccines perhaps in new formulations) 
in humans will be limited.

LAIVs are usually not recommended during pregnancy, but there might 
be circumstances where these vaccines are used in pregnant women during a 
pandemic. Women who are immunized with LAIV shortly before or during 
pregnancy should be monitored and data should be collected on outcomes.

It is not known whether conclusions from animal studies conducted 
during nonclinical evaluations of candidate influenza vaccines will apply to 
humans. As a consequence there will be very limited or no data available 
regarding safety and efficacy of pandemic influenza vaccines in pregnancy prior 
to their use.

Continuous evaluation of risks and benefits of pandemic influenza 
vaccines should be established in pregnant women. As a first step, more 
information may be gathered on seasonal influenza vaccines. In this respect, the 
capability of existing pregnancy registries or currently running epidemiological 
studies should be evaluated. Studies on vaccines against pandemic human 
influenza should be designed to identify spontaneous abortions, stillbirth, 
congenital malformations and any adverse reactions in the neonate that are 
classified as serious.

G.3.6.3 Other target groups
Effectiveness and safety should, ideally, also be established in chronically ill and 
immunocompromised patients in whom the risk–benefit balance might deviate 
from that in the healthy population.
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G.3.7 Considerations for specific types of pandemic influenza vaccines
The potential difference in safety and efficacy (effectiveness) profiles of 
different types of human pandemic influenza vaccines (e.g. live attenuated, 
inactivated whole virion, cell-culture based, and subunit vaccines with and 
without adjuvants, preservatives and excipients) have to be considered. Safety 
concerns associated with different types of vaccines should be addressed in the 
postmarketing surveillance.

G.3.7.1 Live attenuated influenza vaccines
Live attenuated influenza vaccines may cause vaccine-associated disease of less 
severity, if any, in vaccine recipients than would result from being naturally 
infected. However, some LAIV are linked to rare but serious syndromes closely 
resembling wild-type disease, probably associated with individual host factors of 
increased susceptibility. If a live attenuated human pandemic influenza vaccine 
is deployed when the wild-type virus is circulating, some individuals may be 
vaccinated at a time when they are incubating the wild-type strain. Validated 
and standardized assays should be developed and implemented prior to the use 
of such vaccines to differentiate between vaccine virus and wild-type virus and 
allow these cases to be properly assessed.

In addition, reversion to virulence after reassortment between vaccine 
and wild-type virus in the human host has been a particular concern with the 
use of LAIV. In addition to extensive testing pre-licensure, careful postmarketing 
investigation of cases indicating a possible reversion to virulence is essential.

G.3.7.2 Immunological adjuvants
Postmarketing surveillance will depend on the type of adjuvant and the results 
of the nonclinical and clinical investigation of the pandemic influenza vaccine. 
New adjuvants that stimulate a specific immune response will justify attention 
to specific issues such as auto-immune diseases that are potentially rare and 
adverse events that can occur a long time after immunization. Enhanced 
surveillance in certain subgroups such as infants may be necessary. Synergistic 
immune mediated reactions of adjuvant and the biologically active antigen have 
to be considered.

G.3.8 Risk–benefit assessment
In contrast to other biologicals and medicines used to treat clinical disease, 
vaccines differ in safety considerations. Vaccines are a preventive measure mainly 
given to healthy individuals. In consequence, a very high standard of safety is 
usually expected for vaccines used in non-epidemic situations. However, in a 
pandemic situation the risk–benefit balance shifts towards the benefit. As a rapid 
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health benefit is expected to become evident for the individual vaccinee, a certain 
probability of adverse event(s) might be acceptable to the individual even if the 
incidence of the adverse event(s) is higher than for seasonal influenza vaccines.

The risk–benefit balance for pandemic influenza vaccines depends 
not only on the efficacy and safety of the vaccines but also on the incidence of 
infectious disease in the target population, the proportion of infected persons 
with clinical disease, the severity of clinical disease, the identification of high-
risk groups and the risk of transmission. The risk–benefit assessment may differ 
between the various target populations.

The benefit of a pandemic influenza vaccine for an individual may 
decline as vaccine coverage rises, the disease incidence decreases, and herd 
immunity is acquired. Despite a decrease in disease incidence, the public 
health benefit of vaccination might remain high if the probability of disease 
re-emergence increases when vaccine coverage in the population becomes too 
low. Thus, the risk–benefit balance of using a pandemic influenza vaccine has 
both public and individual health aspects.

In all circumstances, any safety concern arising from the use of a 
pandemic influenza vaccine will concern a very large number of actual and 
potential vaccinees. Therefore, safety issues need to be evaluated promptly.

G.3.9 Responsibilities of key stakeholders
Key stakeholders in the process of postmarketing surveillance include:

 ■ vaccinees;
 ■ health professionals;
 ■ vaccine manufacturer(s) and associations;
 ■ national regulatory authorities;
 ■ public health authorities;
 ■ immunization delivery programmes (such as the Expanded 

Programmes on Immunization);
 ■ governments; and
 ■ the media.

Depending on their area of responsibility, stakeholders have differing 
roles that contribute, through properly communicated and coordinated risk 
reduction strategies, to the safest and most effective use of products. It is 
important that all stakeholders agree beforehand on the principles of exchange 
of information on vaccine safety during a pandemic. All possible efforts should 
be made to coordinate information exchange and mutual recognition of study 
results to avoid duplication of work and enable evidence-based decision-making.
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Regulatory authorities in vaccine-receiving countries may accept vaccine 
qualification from producing countries. In such cases, vaccine manufacturers 
may not be requested to repeat suitable safety and efficacy studies performed in a 
producing country with functional regulatory oversight.

G.3.10 Principles of communication
It is essential to ensure that the public be provided with a consistent and balanced 
message. Communications should be a collaborative undertaking that involves 
input from industry, regulators and public health organizations.

A multi-layered communication initiative to provide a broad overview 
of the regulatory processes of vaccine development, licensing and marketing as 
well as detailed information on pandemic influenza vaccines is envisaged. Such 
an initiative should meet the needs of interested stakeholders including lawyers, 
the media, industry, health professionals, and, most importantly, the public. It 
may be helpful to utilize experienced (external) risk communication advisers to 
provide balanced information on real and perceived concerns.

Also vital is a clear explanation of what is known about the safety and 
efficacy of the pandemic vaccine when it is first used and what processes are in 
place for gathering the outstanding data without causing panic. An essential part 
of the latter would be to give clear instructions for reporting suspected adverse 
events related to the vaccine.

Communication might differ depending on the vaccine type (e.g. 
whole virion, cell culture or adjuvanted vaccine) and how the vaccine is used. 
Thus, transparency of information and definition of stakeholders’ roles and 
responsibilities are essential.

It is recommended that authorities agree upon development of a 
common system for rapid exchange of information on serious concerns 
regarding the safety and effectiveness of pandemic influenza vaccine with 
possible public health impact. This may include any measures that lead to a 
change in vaccination strategies.

WHO would provide a forum for data exchange concerning safety, 
efficacy and effectiveness of pandemic influenza vaccine. It is recommended 
that influenza pharmacovigilance experts from vaccination programme 
authorities participate in the network. Its functionality should be tested by using 
pharmacovigilance data on seasonal influenza vaccine. Pharmacovigilance 
institutions should routinely exchange data on vaccine safety, efficacy and 
effectiveness and send rapid alerts in the case of risk signals. The trigger for 
sending rapid alert information as well as general principles and conditions 
of data exchange should be defined by participating countries in cooperation 
with WHO.

Postmarketing surveillance data should be made available to WHO in 
order to contribute to strategic decisions about global control of influenza.
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Korea Centers for Disease Control and Prevention, Seoul, Republic of Korea; 
Dr A. Nanda Sinha, Ministry of Health and Family Welfare, New Delhi, India; 
Dr M. Tashiro, National Institute of Infectious Diseases, Tokyo, Japan; Mrs P. 
Savaitnisagon Thanaphollert, Ministry of Public Health, Nonthaburi, Thailand; 
Dr H. Toyoda, Pharmaceuticals and Medical Devices Agency, Tokyo, Japan; Mr 
F. Verdier, sanofi pasteur, Marcy L’Etoile, France; Dr B. Voordouw, Medicine 
Evaluation Board, The Hague, the Netherlands; Mr H. Wahyu Triestantowibowo, 
National Agency of Drug and Food Control, Jakarta, Indonesia; Mr J. Weir, Food 
and Drug Administration, Rockville, MD, USA; Dr J. Wood, National Institute 
for Biological Standards and Control, Potters Bar, England; Professor H. Yin, 
State Food and Drug Administration, Beijing, People’s Republic of China.

Participants from the World Health Organization, Geneva, Switzerland: 
Dr C. Alfonso, Dr Keiji Fukuda, Dr P. Gully, Dr D. Heymann, Dr M.P. Kieny, 
Dr I. Knezevic, Dr D. Lavanchy, Dr J.M. Okwo-Bele, Dr L. Palkonyay, Dr K. Park, 
Dr M. Perdue, Dr D. Pfeifer, Dr M. Ryan, Dr D. Wood, and Dr W. Zhang.

WHO_TRS_963.indb   185 11/8/11   11:26 AM



186

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
63

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-eighth report

The final draft (WHO/BS/07.2074) was prepared by the drafting groups, 
Dr  C. Alfonso, Dr D. Wood and Ms Stephanie Hardy, taking into account 
comments made by the Expert Committee on Biological Standardization at 
its meeting from 8–12 October 2007 and recommendations from a WHO 
consultation on the technical specifications for a WHO international H5N1 
vaccine stockpile in October 2007.

Drafting groups
Regulatory pathways and guidance working group: Ms C. Parker (Chair), 
Health Canada Centre for Policy and Regulatory Affairs, Ottawa, Ontario, 
Canada; Dr N. Baylor (Co-chair), US Food and Drug Administration, Rockville, 
MD, USA; Dr  P Celis, European Medicines Agency, London, England; Dr L. 
Slamet, National Agency of Drug and Food Control, Jakarta, Indonesia; Dr  F. 
Reigel, Swissmedic, Berne, Switzerland; Dr H. Min, Korea Food and Drug 
Administration, Seoul, Republic of Korea.

Scientific and clinical issues working group: Dr M. Pfleiderer (Chair), 
Paul-Erlich-Institut, Langen, Germany, Dr G. Grohmann (Co-chair), Therapeutic 
Goods Administration, Woden Australia, Dr R. Dominguez, Centro para el 
Control Estatal de la Calidad de los Medicamentos, Havana, Cuba; Dr J. Weir, US 
Food and Drug Administration; Prof. H. Yin, Division of Biological Products, 
Beijing, People’s Republic of China.

Paediatric subgroup: Dr B. Voordouw (Chair), Medicine Evaluation 
Board, The Hague, the Netherlands;  Dr K. Goldenthal (Co-chair), US Food and 
Drug Administration, Rockville, MD, USA; Mrs Y. Lawanprasert, Thai Food and 
Drug Administration, Nonthanburi, Thailand; Mr S. Nishioka, Agência Nacional 
de Vigilância Sanitária, Brasília, Brazil.

Quality control preparedness working group: Dr J. Wood (Chair),  
National Institute for Biological Standards and Control, Potters Bar, England; 
Dr M. Tashiro (Co-chair), National Institute of Infectious Diseases, Tokyo, Japan; 
Dr C. Milne, European Directorate for the Quality of Medicines, Strasbourg, 
France; Dr F. Fuchs, Agence Française de Sécurité Sanitaire de Produits de 
Santé, Lyon, France; Dr J. Eltermann, US Food and Drug Administration, 
Rockville, MD, USA; Dr Z. Ye, US Food and Drug Administration, Rockville, 
MD, USA; Dr Le Van Phung, National Center for Quality Control of Vaccine 
and Biologicals, Hanoi, Viet Nam; Dr. M. Farag Ahmed, Center for Control of 
Biological Products and Vaccines, Cairo, Egypt.

Postmarketing surveillance working group: Dr B. Keller-Stanislawski 
(Chair), Paul Ehrlich Institut, Langen, Germany; Dr M. Braun (Co-chair), US 
Food and Drug Administration, Rockville, MD, USA; Dr T. Tam, Health Canada, 
Ottawa, Ontario, Canada; Dr B. Law, University of Manitoba, Ottawa, Canada.
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Appendix 1

Overview of five selected national regulatory authority 
pathways to licensure of pandemic influenza vaccine

Note: the information presented in the appendices is current as of 26 November 
2007. Please refer to the relevant national regulatory authority websites for the 
most up-to-date information. The website links are provided in Table A.1.

Table A.1
Websites for national regulatory authorities

Country National regulatory authority Website

Australia Therapeutic Goods 
Administration

www.tga.gov.au

Canada Health Canada www.hc-sc.gc.ca

European Union European Medicines Agency www.emea.europa.eu

Japan The Ministry of Health, Labour 
and Welfare

www.mhlw.go.jp

United States of America US Food and Drug 
Administration

www.fda.gov

See Table A.2 for a tabular summary of the information presented in this section.

Australia
Regulatory authority
Influenza vaccines are regulated by the Department of Health and Aging, 
Therapeutic Goods Administration, Drug Safety and Evaluation Branch, 
pursuant to the Therapeutic Goods Act, 1989 and the Therapeutic Goods 
Regulations, 1990. In December 2003, the Australian and New Zealand 
Governments signed a treaty to establish a single, bi-national agency to regulate 
therapeutic products, including medical devices and prescription, over-the-
counter and complementary medicines. This single agency, which will replace 
the Australian Therapeutic Goods Administration (TGA) and the New Zealand 
Medicines and Medical Devices Safety Authority (Medsafe), will be accountable 
to both the Australian and New Zealand governments. The agency is expected to 
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commence operation during 2007–2008. It is expected that the same regulation 
in force in Australia will also apply to New Zealand as per the amended law.

Submission type and application
New influenza vaccines require a Category 1 Application. Annual strain changes 
for licensed influenza vaccines require a Category 3 Application – Changes to the 
quality information requiring prior approval.

Timelines
For review of Category 3 submission – 45 working days after receipt of the 
application.

Annual influenza vaccine licensure
In the case of a new influenza vaccine, TGA requires a full submission including 
quality data, preclinical data and clinical data. Data expectations would accord 
with general Committee for Proprietary Medicinal Products (CPMP) guidance 
on new vaccines. Annual strain changes require an application with quality data 
consistent with CPMP/BWP/214/96 – Note for guidance on harmonisation of 
requirements for influenza vaccines. Because of the production time frames, if 
the strains differ from those used in the northern hemisphere winter there may 
not be a clinical efficacy study submitted with the quality data.

Proposed pandemic regulatory pathway
TGA accepts the guidelines of the European Medicines Agency (EMEA) on 
pandemic vaccine licensing. As with the EMEA, licensure of a pandemic 
influenza vaccine will be based on approval of a core dossier for an inter-
pandemic vaccine with quality, safety and efficacy data for the inter-pandemic 
vaccine to be provided and authorized during the inter-pandemic period.

Vaccine manufacturing companies are encouraged to submit 
applications for authorization of new methods of manufacture for pandemic 
influenza virus vaccines. Upon the declaration of a pandemic, the TGA will 
register the pandemic vaccine based on an approved inter-pandemic vaccine. 
The manufacturer would then proceed to produce vaccine as per the Core 
Pandemic Dossier, but using the actual pandemic strain. Quality data and 
technical data would be submitted in parallel with pandemic vaccine production 
as a pandemic variation to the TGA for rapid approval and release.

The TGA and the WHO Collaborating Centre for Reference and 
Research on Influenza will cooperate with the manufacturers in providing 
laboratory reagents for standardization of inactivated vaccine and reference 
strains for antigenic analysis.
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Special requirements regarding quality and manufacturing data
Pre-pandemic influenza vaccines containing ingredients of human or animal 
origin should be evaluated for freedom from transmissible spongiform 
encephalopathy agents.

Special clinical data requirements
To support confidence in decisions to register pre-pandemic influenza vaccines, 
human immunogenicity and safety studies covering all age groups (especially 
children) and patients with some disease states are required.

Canada
Regulatory authority
Influenza vaccines are regulated by Health Canada’s Biologics and Genetic 
Therapies Directorate (BGTD) within the Health Products and Food Branch 
pursuant to various provisions of the Food and Drugs Act and Regulations 
(FDA & R).

Submission type and application
New vaccines are authorized for marketing in Canada following the review of 
a New Drug Submission (NDS) by BGTD. An NDS must include a complete 
dataset in support of the safety, efficacy and quality of the vaccine as well as 
product-specific information on the facility that describes the method of 
manufacture of the vaccine in significant detail. Furthermore, an on-site 
evaluation is completed to assess the production process and the facility as this 
has an impact on the safety and efficacy of the product. The manufacturer must 
also provide samples of at least three and preferably five batches or “lots” of the 
vaccine for testing in the laboratories of BGTD.

Annual influenza vaccine licensure
Although the regulatory requirements for new vaccines are clear, influenza 
vaccines have been marketed in Canada for over 50 years and their approval 
predates some of the regulations being applied to new vaccines. In addition, 
the need to reproduce the vaccine each year with the new circulating strains 
has necessitated a special approach to the regulation of these vaccines. Changes 
to the vaccines to reflect the year to year strain variation were originally 
approved through the filing of an amendment to the existing licence, in which 
manufacturers would submit for review only their revised labelling material 
once the strains which would be included that year were known. There was no 
requirement for the submission of any clinical data for the vaccine with the 
new strains.
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During the 2000–2001 influenza season, an increased number of 
adverse events associated with influenza vaccine, described as oculorespiratory 
syndrome (ORS) were observed. These adverse events led to a re-evaluation 
of the requirements for the annual approval. Since 2000–2001, manufacturers 
have been required to submit clinical trial data for their products, to assess the 
tolerance and efficacy of the vaccine in two groups of healthy volunteers aged 
between 18 and 60 years and over 60 years, as per the CPMP guidelines.

Consequently influenza vaccines for annual administration now 
require an initial NDS authorization, with yearly updates of information on 
annual strain variation. Health Canada addresses the regulatory review and 
authorization of the necessary strain variations of annual influenza vaccines 
with a modified submission process. Manufacturers are required to submit 
supportive information for the strain change, particularly:

 ■ data to support the quality of production of the vaccine, as it relates 
to the new strain, plus any improvements or alterations to the 
production process;

 ■ data from two small clinical studies (generally of approximately 50 
patients each, in patients in the age groups 18–60 years and more 
than 60 years), to assess the tolerability and immunogenicity of the 
vaccine; and

 ■ revised labelling material (inner and outer labels, and a revised 
product monograph or direction leaflet).

Proposed pandemic regulatory pathway
The unknown factors surrounding a pandemic vaccine, including whether 
changes will be needed to the manufacturing process currently used, increase 
the likelihood that a pandemic vaccine will differ significantly from a seasonal 
influenza vaccine. Therefore, the  regulatory process for approval of a pandemic 
vaccine, while in many respects similar to that for the seasonal influenza vaccine,  
will be that of an NDS and not of an amendment to an existing licence for a 
seasonal influenza vaccine.

The Public Health Agency of Canada has entered into a contract with a 
domestic supplier to provide enough pandemic vaccine for the entire Canadian 
population; hence regulatory preparedness is based on the concept of a single 
supplier. The contract includes provisions for the production and testing of a 
pre-pandemic vaccine in clinical trials. Therefore the licensure of a pandemic 
vaccine will follow the filing of an NDS containing composite information on 
the pre-pandemic vaccine supplemented with additional information on the 
actual pandemic vaccine once the pandemic has been declared, filed in a rolling 
fashion as data become available. It is anticipated that most of the substantive 
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information will be provided for the pre-pandemic vaccine, which will be 
considered representative of both the type and the manufacturing process for 
the pandemic influenza vaccine. Some comparisons may also be anticipated 
for the determinants of safety, efficacy and immunogenicity of the pandemic 
influenza vaccine. While, at present, the intent is to authorize for use only 
the pandemic vaccine, some consideration is being given to the regulatory 
requirements necessary for stockpiling the pre-pandemic vaccine, for potential 
delivery in mass immunization programmes.

Before a pandemic occurs, protocols must be in place both to investigate 
immunological responses to the pandemic vaccine to support authorization and 
to study the level of clinical protection during an actual pandemic as part of 
postmarket commitments.

Clinical trial applications to be used for proposals for trials to be 
conducted with the actual pandemic strain should be developed and filed for 
review during the inter-pandemic phase and should be updated as needed in 
the light of developing knowledge. This will provide for protocols which can be 
implemented immediately upon declaration of the pandemic.

Estimation of vaccine effectiveness may need to be done by studying 
predetermined target populations during the pandemic. These effectiveness 
studies should be addressed as part of the NDS filing as conditional 
postmarket commitments.

Health Canada is committed to working with the contract manufacturer 
to expedite the regulatory authorization, the release of the product lots and 
the availability of an adequate, safe and effective vaccine against pandemic 
influenza, in order to protect the health, safety and security of all residents 
of Canada. In December 2006, Health Canada issued specific guidance to the 
contract manufacturer on the manufacturing and clinical information required 
to support licensure, as well and the review and regulatory authorization process 
that Health Canada will follow.

Special requirements regarding quality and manufacturing data

 ■ The manufacturing process review for regulatory authorization of 
seasonal influenza vaccine including advance on-site evaluation(s) 
of the production facilities, will be the basis of the expedited 
assessment of the chemistry and manufacturing of the pandemic 
influenza vaccine.

 ■ The relevant information relating to the seasonal influenza 
production lots, with the addition of specific data regarding the pre-
pandemic vaccine, monovalent bulks and drug product is considered 
supportive and may be cross-referenced.
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 ■ Protocols, including a certificate of analysis, identifying pass or fail 
specification limits and controls as well as specific batch information, 
are expected to be provided for the manufactured lots of:

 – the inter-pandemic vaccine used in clinical trials;
 – the pandemic vaccine used in clinical trials; and
 – the pandemic vaccine intended for mass immunization.

 ■ Both the prototype (mock) and the pandemic influenza vaccines 
are subject to the lot release requirements of the Food and drug 
regulations, Section C.04.015, as provided in the document Guidance 
for sponsors – lot release program for Schedule D (biologic) drugs 
(2005). In situations of pandemic emergency, targeted or sentinel 
testing of commercial lots will be performed. Additionally, testing 
may be performed on the bulk production batch(es).

 ■ Any changes to the physical entity of the drug substance, its 
derivation, or analytical methods for identity and characterization, 
and any changes to the drug substance or drug product 
manufacturing processes, or specification controls, for the 
designated pandemic influenza vaccine, should be submitted to 
Health Canada for comparative review and assessment.

 ■ Product-specific facility information, for the production of the 
inter-pandemic and pandemic influenza virus vaccines, for clinical 
trial and marketed lots.

 ■ Stability data and protocol for stability testing of pandemic vaccine.
 ■ Viral safety data.

Special requirements regarding clinical data

 ■ Preclinical and clinical data on safety and immunogenicity obtained 
with the inter-pandemic vaccine. If the pandemic virus strain differs 
from the prototype strain, an indication of the immunogenicity of 
the pandemic influenza vaccine will be required.

 ■ The results of preclinical and clinical studies of the inter-pandemic 
vaccine(s) should aid in determination of the:

 – safety of the adjuvant used in the formulation of the vaccine;
 – formulation of a vaccine appropriate for immunization of a naive 

population; and
 – the requirements to assess the safety and efficacy of the pandemic 

vaccine during clinical trials.
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 ■ A complete plan to evaluate the vaccine safety and efficacy during 
clinical trials including anticipated timelines for generating the 
necessary data during the pandemic period and for providing these 
data for regulatory review. The plan would be prepared during the 
inter-pandemic period.

 ■ Any available data on clinical safety and efficacy of the pandemic 
vaccine.

Accelerated approval options and emergency use provisions
An NOC shall be issued only if complete data on quality, safety, efficacy 
and effectiveness are provided, and an acceptable risk–benefit profile, in full 
compliance with the FDA & R, can be demonstrated. If sufficient data on the 
pandemic influenza vaccine(s) are not provided, or are not available for 
evaluation at the time of the pandemic, an NOC may not be issued. However, 
in the event that the Minister of Health believes that immediate action is 
required in the interests of public health, a Decision for Release under one of 
the following mechanisms may be made.

Extraordinary use new drug regulations

An extraordinary use new drug (EUND) is a drug that would be used to treat, 
mitigate or prevent a life-threatening or serious health condition in humans, 
which results from exposure to a chemical, biological, radiological or nuclear 
substance in an emergency situation (e.g. an outbreak of pandemic influenza, 
an attack with chemical or biological weapons, a chemical spill or a natural 
disaster). The Food and Drug Regulations currently require manufacturers 
to establish the safety and clinical effectiveness of new drugs, for the defined 
purpose and under the recommended conditions of use. An EUND, however, 
is intended to treat a condition that does not lend itself, ethically or logistically, 
to study through a traditional clinical trial in humans prior to approval. In 
some instances, intentional exposure of study subjects to the causative agents 
of these conditions would not be ethical. In the case of pandemic influenza, 
there would be insufficient time to allow for full clinical testing of vaccines 
against the pandemic virus. Under the current regulations, the absence of data 
on safety and clinical efficacy limits Health Canada’s ability to grant market 
authorization to an EUND. At the same time, it is recognized that access to 
these drugs is essential for emergency preparedness to address potential threats 
to the Canadian population.

Health Canada is in the process of implementing a regulatory 
amendment that would enable market authorization of EUNDs based on in 
vitro and animal studies and clinical data for safety. The proposed regulatory 
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amendment will outline an application process separate from the New Drug 
Submission process. The labelling requirements will call for clear indication 
that the drug was approved based on limited clinical data and that efficacy 
in humans has not been established, and there will be a requirement for the 
manufacturer to provide data on clinical safety and efficacy in humans, if it 
becomes available, or to conduct postmarket studies. Manufacturers will be 
asked to provide updated safety information, to be submitted as part of the 
existing annual drug notification process, and current requirements regarding 
record keeping, reporting of adverse drug reactions, recall, drug identification 
number (DIN), establishment licensing and good manufacturing practice 
remain in place. It is anticipated that these new regulations will be in place 
in 2008.

Special Access Programme

The Special Access Programme (SAP) enables access on a case by case basis 
to products not currently approved for sale in Canada. Access is limited to 
patients with serious or life-threatening conditions on a compassionate or 
emergency basis when conventional therapies have failed, are unsuitable or 
unavailable. A variation of this tool is the Block SAP, which would enable 
emergency “block” (large quantity) release of a product in the case that Canada 
has a public health crisis and does not have an approved product. Release would 
be to the Surgeon General of the Department of National Defence, the Federal, 
Provincial and Territorial senior medical officer or medical officer designated by 
the Surgeon General.

The SAP is a possible short-term solution to vaccinating front-line 
workers or where additional time is needed to complete the regulatory review of 
an NDS.

Interim orders

The Public Safety Act, 2002, provides the Minister of Health the authority 
to make an interim order under the Food and Drugs Act in a situation where 
immediate action is required. An interim order is a regulation that is issued by 
the Minister in a situation that presents a significant risk, direct or indirect, to 
human health, public safety, security, or the environment and is intended to 
address circumstances where there is no time to make a regulation as the law 
would normally require.

Health Canada has identified a library of interim orders which could be 
used to allow for the licensure of a pandemic vaccine in an emergency situation 
(i.e. where vaccine is required before standard regulatory requirements for 
licensure have been met).
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Clinical trials

In the context of pandemic influenza, a clinical trial could be used in Canada to 
immunize certain risk groups while, at the same time, accumulating clinical data 
to support approval and broader use of the vaccine.

European Union
Regulatory Authority: Directive 2001/83/EC, as amended, and Regulation (EC) 
No. 726/2004 of the European Parliament and Council, specify the procedure 
for submissions to EU Member States (decentralized and mutual recognition 
procedure) and to the EMEA (via the centralized route), respectively. Article 8 
of Directive 2001/83/EC specifies the requirements for marketing authorization 
applications in Europe.

Submission type and application
The marketing authorization for a new medicinal product is granted through 
three procedures: centralized, decentralized and mutual recognition. Under the 
first procedure, applications are submitted directly to the EMEA to be evaluated 
by the Committee for Human Medicinal Products (CHMP). In accordance with 
article 3 of Regulation (EC) No. 726/2004, for some applications the centralized 
procedure is mandatory:

 ■ medicines developed by means of biotechnology;
 ■ orphan medicinal products; and 
 ■ medicinal products containing a new active substance and for which 

the therapeutic indication is the treatment of acquired immune 
deficiency syndrome, cancer, neurodegenerative disorder, diabetes, 
and, from May 2008 onwards, also autoimmune disease and other 
autoimmune disorders and viral disease.

Other medicinal products containing a new active substance, or for 
which the applicant shows that the product constitutes a significant technical, 
scientific or therapeutic innovation, or that the granting of a centralized 
authorization is in the interest of patents at Community level, may be granted 
access to the centralized procedure.

The centralized procedure will either be mandatory for pandemic 
influenza vaccines (if the strain is made using reverse genetics technology) 
or optional (on the basis of community interest). The CHMP appoints two 
Rapporteurs from the EU Member States, who will perform the assessment on 
its behalf. CHMP will then consider the completed scientific assessment and 
deliver a favourable or unfavourable opinion. The time limit for the evaluation 
procedure is 210 days. The EMEA then forwards its opinion to the European 
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Commission (within 15 days) which makes a final decision on granting of 
the European Community marketing authorization. A European Community 
authorization is valid throughout the European Union and is usually given 
for five years. Once renewed, the marketing authorization will be valid for 
an unlimited period (unless on grounds related to pharmacovigilance, an 
additional 5-year renewal is required). Applications for renewal must be made 
to the EMEA 6 months before the end of this 5-year period.

Under the mutual recognition procedure, the applicants seek to have 
an existing authorization recognized by one or more other Member States 
selected by applicant. The applicant must submit identical applications to the 
relevant Member States and all Member States must be notified of them. When 
one Member State decides to evaluate the medicinal product, it becomes a 
Reference Member State (RMS) and it should notify this decision to the other 
Member States. This procedure is completed within 90 days. In the case of a 
new product, the applicant has first to submit the application in one of the EU 
Member States for authorization. This Member State will become the Reference 
Member State. Only after this has been done can the 90-day mutual recognition 
procedure start.

Annual influenza vaccine licensure
Currently, all seasonal influenza vaccines in Europe are authorized through the 
mutual recognition procedure. A special fast-track type II variation procedure 
is in place for the annual strain change. The fast-track procedure consists of two 
steps. The first concerns the assessment of the administrative and quality data 
(summary of product characteristics (SPC), patient leaflet, labelling and the 
chemical, pharmaceutical and biological documentation). The second step is the 
assessment of the clinical data. Results of clinical studies are required according 
to the Note for guidance on harmonisation of requirements for influenza vaccines 
(CPMP/BWP/ 214/96). A similar fast-track variation procedure exists in the 
centralized system.

Proposed pandemic regulatory pathway
The perspective of the EMEA is that a pandemic vaccine will differ significantly 
from an annual vaccine. The EMEA strategy relies on the evaluation of a pre-
pandemic vaccine core dossier during the inter-pandemic period where quality, 
nonclinical testing and clinical data will be evaluated. Once the pandemic strikes, 
manufacturers will have to submit a type II variation to introduce information 
on the actual pandemic strain. The aim of the core dossier process is to provide a 
fast-track authorization of pandemic influenza vaccines as new (full) marketing 
authorizations, not as a variation to seasonal vaccine. Most scientific aspects 
as well as product information (doctor and patient leaflets) can be considered 
before a pandemic and can be approved during the interpandemic period.
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In 2005, EMEA published the guidance Core summary of product 
characteristics (SPC) for pandemic influenza vaccines. The aim of this guidance 
is to standardize SPCs for all inactivated vaccines against pandemic influenza, 
thereby facilitating the submission of core dossiers. Following these guidelines, 
product information will be approved as part of the core dossier authorization 
and only minimal changes would be needed as part of the approval of the 
pandemic variation (only information related to the pandemic strain). The 
pre-pandemic vaccine will be produced (ideally) in the same way as intended 
for production of  the pandemic vaccine (either cell culture or egg-derived, 
whole virion or split or subunit vaccine) and with the same antigen content and 
adjuvant system (if used) as the future pandemic vaccine.

Preclinical testing to establish safety and immunogenicity and clinical 
trials with the pre-pandemic vaccine to verify safety and efficacy and to establish 
a dose and dosing schedule will be required.

Special requirements regarding quality and manufacturing data
The required data on vaccine quality and manufacturing shall include:

 ■ development and testing of vaccine reference virus;
 ■ production process for vaccine seed lots including testing for 

freedom from extraneous agents;
 ■ process of vaccine production;
 ■ formulation, and testing for antimicrobial preservative in the case of 

multi-dose vials;
 ■ vaccine standardization, including the development of alternative 

tests;
 ■ adjuvant;
 ■ stability of vaccine including the protocol for testing stability of the 

pandemic vaccine.

Special requirements regarding clinical data
The required data on clinical evaluation of the vaccine shall include:

 ■ immunogenicity studies in animal models e.g. chickens, mice and 
ferrets;

 ■ nonclinical evaluation of vaccine safety, the extent of which will 
depend on the composition of the pandemic vaccine. For an entirely 
new vaccine composition, the complete programme for nonclinical 
evaluation of pandemic vaccine is required;
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 ■ for novel adjuvants with which there has been no experience in 
humans, the safety profile of adjuvant alone and in combination with 
influenza virus antigen should be investigated;

 ■ challenge experiments using mice, ferrets and other animals should 
be performed unless the applicant provides justification for not 
performing such experiments; 

 ■ the results of immunogenicity studies in healthy adults from various 
age groups and from  children to be gathered post-authorization;

 ■ if results from protective efficacy trials are not available, the 
characterization of immunological response to pre-pandemic 
vaccine should be provided;

 ■ all serological criteria for evaluation of annual influenza vaccines 
should be met:

 ■ neutralizing antibodies should be determined;
 ■ formulation, dose-finding studies and vaccination schedules should 

be used;
 ■ evaluation of safety and immunogenicity to be made through:

 – a larger study, based on the results of dose-finding study;
 – establishing a safety database (size of study should be sufficient 

to detect adverse events at a frequency of 1%);
 – safety follow-up for at least 6 months;

 ■ post-authorization commitments would include:

 – protocol for evaluation of immunogenicity, effectiveness and 
safety of pandemic vaccine;

 – data in children.

Accelerated approval and emergency use provisions
In the event that a pandemic vaccine would be needed to protect the European 
Community before a core dossier approval could be issued, the EMEA 
has options in place for an emergency authorization. An emergency use 
authorization would rely on the concept of a very close interaction between the 
manufacturer and the EMEA after the announcement of the pandemic and the 
first batches of vaccine being produced. During this period the manufacturer 
will be submitting data packages (including on manufacturing, on testing, any 
preclinical data, and relevant clinical data from pandemic-like strains). This 
information would be evaluated in a rolling review process, before the formal 
submission of the application for the pandemic vaccine. (Note that a similar 
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rolling review process is in place for the fast-track evaluation of the type II 
variation to introduce the information on the actual pandemic strain into the 
mock-up vaccine licence.)

Once the application is submitted (i.e. once the first batches of pandemic 
vaccines have been manufactured), Europe has two pieces of legislation already 
in place which could be used alone or in combination to approve pandemic 
vaccines on the basis of a very limited data package and very shortly after the 
vaccines become available:

 ■ The accelerated review process (maximum 150 days, can be 
shortened with the agreement of the CHMP; art 14(9) of Regulation 
(EC) No 726/20004).

 ■ Conditional marketing authorizations (Commission Regulation 
(EC) No 507/2006), which allow, in the case of medicinal products 
to be used in emergency situations in response to public health 
threats, for authorization on the basis of a limited data package. In 
emergency situations such a conditional marketing authorization 
may be granted even if comprehensive clinical, nonclinical and 
quality data are not available at the time of submission. Such 
marketing authorizations are linked to strict commitments to 
provide the missing clinical and nonclinical information within a 
defined period.

Japan
Regulatory authority
The Pharmaceuticals and Medical Devices Agency (PMDA) reviews 
pharmaceuticals and medical devices, based on the Pharmaceutical Affairs 
Law (Law 145, 1960 revised 2002). The Ministry of Health, Labour and Welfare 
(MHLW) has the authority to approve pharmaceuticals and medical devices 
based on the findings of the PMDA’s review. The PMDA also gives guidance 
and advice on clinical trials. The responsibility for research and development 
of vaccines including pandemic influenza vaccine resides with the National 
Institute of Infectious Diseases (NIID).

Submission type and application
A manufacturer will file an NDA for examination and approval of all new drugs 
including vaccines. The MHLW will execute a drug approval upon receipt of 
the advice from the Pharmaceutical and Food Sanitation Council in the NDA 
review process, based on demonstrated quality, safety and effectiveness of the 
product reviewed through the PMDA’s scientific review process.
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Annual influenza vaccine
The NIID reviews the strains used for vaccine production every year prior to 
manufacturing, on the basis of data on circulating wild-type strains. Upon the 
advice of the NIID, the MHLW notifies relevant manufacturers as to which 
strains are to be used for vaccine production. The MHLW and the PMDA 
do not usually require any specific clinical data for this strain replacement 
process. Manufacturers submit for review their revised labelling materials for 
the strains used.

Timelines
NDA standard review period: 12 months, priority review for 6 months 
following immunization.

Proposed pandemic regulatory pathway
The MHLW and PMDA request a manufacturer who is producing vaccine 
against novel human influenza viruses (pre-pandemic and pandemic type) 
to file an NDA pursuant to the Pharmaceutical Affairs Law. The application 
must contain data from the vaccine which is produced with the potential 
pandemic influenza strain. Approval of vaccines against novel human influenza 
viruses, intended to be used for both periods (of pre-pandemic and pandemic 
influenza), is given based on the quality, nonclinical and clinical data on the 
potential pandemic vaccine. In the pandemic phase, vaccine is manufactured 
by the approved procedure using the pandemic influenza strain. Once a vaccine 
against a new influenza subtype has been approved, further clinical data on a 
variant of that subtype circulating during the pandemic period would probably 
not be needed for approval.

Special requirements regarding quality and manufacturing data
As for all vaccines, detailed information on formulation, vaccine production and 
control. standards of final product and in-process samples, excipients including 
adjuvant, and stability testing and stability protocol will be required.

Special requirements regarding clinical data
The special requirements regarding data on the clinical evaluation of influenza 
vaccines include:

 ■ immunogenicity studies in animal models including challenge tests;
 ■ nonclinical safety;
 ■ clinical data from trials in healthy male adults stating the appropriate 

dose and schedules;
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 ■ clinical data from trials in healthy adults aged under 65 years would 
be considered as confirmatory trials;

 ■ clinical safety data including clinical laboratory tests, description of 
signs and symptoms, and physical check-up;

 ■ estimation of effectiveness including serum HI antibody, NT 
antibody; and

 ■ post-licensure studies in children which include estimation of 
cross-reactivity.

Accelerated approval options and emergency use provisions
Vaccines against novel human influenza viruses can be granted priority review 
according to the “priority review provision” of the Pharmaceutical Affairs 
Law. In an emergency, provided that the pre-pandemic and/or the pandemic 
vaccine are being developed, the MHLW will grant conditional emergency 
approval, depending on the extent of the data available at the time of declaration 
of emergency.

United States of America
Regulatory authority
Influenza vaccines are regulated by the Food and Drug Administration, the 
Center for Biologics Evaluation and Research, and the Office of Vaccines Research 
and Review (OVRR) pursuant to Section 351 of the US Public Health Service 
Act and specific sections of the US Federal Food, Drug and Cosmetic Act.

Submission type and application
The licensing of new biological products, including vaccines, requires the filing 
of a Biologics license application (BLA) and approval is granted only when the 
review of the BLA shows the product to be “safe, pure and potent”. The word 
potency is interpreted to include effectiveness as demonstrated by adequate 
and well-controlled clinical studies unless the potency requirement is waived 
as being inapplicable to the biological product or when an alternative method is 
adequate to substantiate effectiveness.

Licensure of annual influenza vaccine
Each year, any of the three vaccine virus strains included in the trivalent seasonal 
influenza vaccines may be replaced with a new strain. Strain changes are based 
on evaluation of circulating wild-type strains. Any changes to the virus strains 
in the vaccine will require the submission and approval of supportive data as 
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a prior approval supplement to the existing manufacturer’s BLA. The US FDA 
does not require clinical data for approval of these annual supplements from 
licensed manufacturers of inactivated influenza vaccine.

Timelines
BLA standard review: 10-month review (priority 6 months); Chemistry, 
Manufacturing, and Controls (CMC) supplement 4-month review.

Proposed pandemic regulatory pathway
Currently in the United States all submissions for the initial licensure of vaccine 
for novel influenza viruses or a pandemic influenza vaccine would be submitted 
as a BLA, which allows for separate trade names and segregation of adverse 
event reporting from that for seasonal influenza vaccines. The amount of data 
a manufacturer would be required to submit with its BLA for a pandemic 
influenza vaccine will depend on whether the manufacturer already has a 
licensed influenza vaccine, and if so, whether the manufacturer intends to use 
the same manufacturing process for its pandemic vaccine.

Special requirements regarding quality and manufacturing data
The special requirements regarding data on the quality and manufacturing of 
influenza vaccines include:

 ■ description and characterization of drug substance and drug product;
 ■ information regarding methods of manufacturing, including animal 

sources, virus sources, cellular sources, microbial cells and animal 
cells (to assess for adventitious agents);

 ■ assay development and validation;
 ■ process controls, especially for safety processes, such as sterilization 

and virus clearance;
 ■ manufacturing consistency, including reference standards and 

release testing;
 ■ drug substance specifications;
 ■ reprocessing;
 ■ container and closure system;
 ■ stability studies;
 ■ composition and characterization of final drug product, including 

excipients, adjuvants and preservatives; and 
 ■ specifications and analytical methods for drug product ingredients.
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Special requirements regarding clinical data
If the original BLA comes from a manufacturer already licensed by the FDA for 
the production of annual influenza vaccine where the process for manufacturing 
the pandemic influenza vaccine is the same, the following are required:

 ■ clinical trials to support the appropriate dose and regimen of the 
pandemic vaccine (based on evaluation of immune response) 
(immunogenicity);

 ■ assay performance data;
 ■ safety data on well-defined local and systemic reactogenicity events;
 ■ safety data from 6-month post-vaccination evaluation (submitted 

when available).

If the original BLA comes from a manufacturer whose pandemic 
influenza vaccine is manufactured by a process not already licensed by the FDA 
for the production of annual influenza vaccine the following are required:

 ■ data from adequate and well-controlled clinical trials establishing a 
vaccine effect on surrogate end-points likely to predict clinical benefit 
based on epidemiological, therapeutic, pathophysiological or other 
evidence. Immune response may serve as a surrogate end-point;

 ■ study with adequate power to assess co-primary end-points, 
geometric mean titre (GMT) and seroconversion;

 ■ assay performance data;
 ■ protocols for postmarketing studies;
 ■ safety data as for supplement, described above;
 ■ after approval, requirement to study the product further to verify 

and describe its clinical benefit.

Accelerated approval and emergency use provisions
Accelerated approval of new biological products 
for serious or life-threatening illnesses

Accelerated approval allows products used to treat serious or life-threatening 
illnesses to be approved if they successfully achieve an end-point that is reasonably 
likely to predict ultimate clinical benefit, usually one that can be studied more 
rapidly than showing protection against disease. Products eligible for accelerated 
approval should provide meaningful therapeutic benefit to patients over that 
provided by existing treatments (e.g. ability to treat patients unresponsive to 
or intolerant of, available therapy, or able to show improved patient response 
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over available therapy). The US FDA interprets the regulation (21 CFR 601.40) 
as allowing accelerated approval of an influenza vaccine during a shortage 
because influenza is a serious and sometimes life-threatening illness. Providing 
vaccine to those who would not otherwise be immunized during a shortage 
provides a meaningful benefit over existing treatments which are in short supply. 
Confirmatory postmarketing studies are required.

Emergency use authorization

Upon determination and declaration by the Secretary of the Department of 
Health and Human Services that a public health emergency (or the potential for 
one) that affects, or has the significant potential to affect national security, exists, 
the Secretary can authorize the use of a product:

 ■ for a serious or life-threatening disease or condition;
 ■ where it is reasonable to believe that the product may be effective 

in diagnosing, treating or preventing the serious life-threatening 
disease or condition;

 ■ where there is no adequate, approved, available alternative; and
 ■ where the known and potential benefits outweigh the known and 

potential risks.

If during the course of development it appears that an unapproved 
product or an unapproved use of an approved product might be suitable for use 
under an emergency use authorization (EUA) if a declared emergency occurs 
before its development process is complete and alternatives are lacking, and 
in particular if the product appears sufficiently promising that the Strategic 
National Stockpile might consider acquiring it for emergency use, appropriate 
government agencies and sponsors should focus on ensuring that complete 
data are provided to the US FDA. Data can be provided through pre-IND or 
IND submissions and discussion of current and future development plans, as 
far in advance of need as possible. This would be characterized as a pre-EUA. 
The US FDA would then assess the ability of the data to potentially support an 
EUA, and provide advice on additional studies and data that may be desirable 
both for further development and to support emergency use as warranted. The 
amount of data and information needed to support an EUA will depend on the 
nature of the product, the completed studies and the nature of the emergency. 
The use of a product under an EUA is limited to the duration of a declared 
emergency (and allows patients to finish treatment courses they started during 
an emergency), after which investigational product regulations would apply. 
Analysis of whether the available data and information support issuing an EUA if 
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requested for temporary use in a declared emergency, and the timeframe within 
which this could be done, may depend on various factors such as the adequacy 
of data provided in advance, the nature of the emergency, and the suitability 
and availability of approved alternatives. Therefore, advance submission and 
discussion of information from completed studies and proposals for additional 
studies will be critical to minimizing the time required for additional evaluation 
after onset of an emergency. The final determination of whether the criteria for 
issuance of an EUA are met can only be made after an emergency is declared.

Under the EUA, specific Conditions of Authorization are applied, 
which may include the requirement to inform health care workers or recipients, 
if feasible, of the EUA status of the product, to identify and communicate 
information on significant known and potential risks and benefits of the 
product and to provide the option to accept or refuse the product.

Investigational new drug use

In accordance with the US Department of Health and Human Services 
Pandemic Influenza Plan, Supplement 6 Vaccine Distribution and Use, in the 
event that the spread of a pandemic is rapid and vaccine is needed before the 
completion of the licensure process, state and local health departments should 
be prepared to distribute unlicensed vaccines under the investigational new 
drug (IND) provisions of the US FDA. IND provisions require strict inventory 
control and record-keeping, completion of a signed consent form from each 
vaccinee, and mandatory reporting of specified types of adverse events. IND 
provisions also require approval from institutional review boards in hospitals, 
health departments, and other vaccine-distribution venues. The FDA regulations 
permit the use of a national or “central” institutional review board.
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Appendix 2

Regulatory pathways for human 
pandemic influenza vaccine

Manufacturing of 
vaccine against novel 
human influenza virus

Application for licensure 
of vaccine against novel 
human influenza virus

Licensed vaccine against novel 
human influenza virus available 
for stockpiling and use

Nonclinical and 
human clinical 
trials with vaccine 
against novel 
human influenza 
virus

•  agreement on harmonized 
requirements for testing

•  exchange of non-proprietary 
data and information on 
strain choice

•  testing of vaccine against 
novel human influenza virus

•  identify early safety/effectiveness issues
•  reduce duplication in testing
•  provide information to jurisdictions 

whose manufacturers may not have time 
or resources to conduct testing

•  early harmonization of vaccine 
formulations (antigen content, adjuvant, 
immunogenicity and dose schedule)

•  harmonized GMP and parameters
•  shared facility inspection reports
•  advance agreement on acceptable conditions 

for alternative (e.g. veterinary) facilities
•  harmonized plans to expedite switch from 

seasonal to pandemic production

Standards for Core Dossier

WHO Prequalification

Pandemic vaccine 
manufacturing 
initiated

Nonclinical and human clinical 
trials with pandemic vaccine

Application for licensure 
of pandemic vaccine

Vaccine licensure 
through accelerated 
approval

Sale and use of vaccine 
for immunization

•  agreement on harmonized requirements for 
nonclinical and clinical testing 

•  exchange of nonproprietary data and
•  testing of pandemic vaccines according to 

established regulatory procedures

Post-marketing: 
•  surveillance •  lot release
•  pharmacovigilance •  filing of supplements to licensure

Accelerated licensure of pandemic 
vaccine 
Early assessment of capacity to 
determine possibility of supplying 
non-domestic markets

Rapid availability of reagents/
strain
Submission of quality information 
in parallel with manufacturing

Submission of a new drug/supplemental or 
variant application for pandemic vaccine
Manufacturer’ agreement to post-market 
commitments and monitoring

Declaration of pandemic and strain identification
For developing countries, pathway may be initiated at this stage
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Appendix 3

Emergency use pathways for human 
pandemic influenza vaccine

Proceed immediately to pandemic vaccine manufacturing
Early release of available pandemic vaccine via:
• animal rule authorization1 (as appropriate)
• clinical trial in high-risk/targeted groups
• emergency use authorization
• importation of prequalified pandemic vaccine

1 http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM078923.pdf

Proceed immediately to pandemic vaccine manufacturing
Determination of value of use of vaccine against novel human 
influenza virus through:
• animal rule authorization (if only nonclinical trials completed)
• clinical trial in high-risk/targeted groups
• immediate licensure of vaccine against novel human influenza 

virus
• importation of prequalified vaccines against novel human 

influenza viruses by developing countries
Early release of available pandemic vaccine as above

Proceed immediately to pandemic vaccine manufacturing
Determine applicable use of licensed/unlicensed vaccines against 
novel human influenza virus
Importation of pre-qualified vaccines against novel human 
influenza virus by developing countries
Early release of available pandemic vaccine as above

Early release of available pandemic vaccine through:
• animal rule authorization
• clinical trial in high-risk/targeted groups
• emergency use authorization
• importation of prequalified pandemic vaccine

Vaccine licensure through accelerated approval or early release 
of available vaccine through:
• clinical trials
• emergency use authorization
• importation of prequalified pandemic vaccine

Manufacturing of vaccine against 
novel human influenza virus

Declaration of pandemic 
No data available

Nonclinical and human clinical 
trials with vaccine against novel 
human influenza viruses

Declaration of pandemic* 
Limited pre-pandemic 
data available

Application for licensure of vaccine 
against novel human influenza viruses

Declaration of pandemic* 
Extensive inter-pandemic 
data available

Manufacturing of pandemic 
vaccine initiated

Pandemic spreading 
quickly/Vaccine needed
No data on pandemic 
vaccine available

Non-clinical and human clinical 
trials with pandemic vaccine

Pandemic spreading 
quickly/Vaccine needed
Some data available

Application for licensure 
of pandemic vaccine

Sale and use of vaccine for immunization

Sale/Use of Vaccine for immunization

* Contingency needed in the event that the actual pandemic 
strain differs significantly from the strain in vaccine against 
novel human influenza virus. Data determined from strain 
in vaccine against novel human influenza virus may be of 
unsuitable for extrapolation to use with pandemic strain.
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Appendix 4

Inventory of guidance documents from selected national 
regulatory authorities, and the World Health Organization

Australia
Official Control Authority Batch Release of Influenza Vaccines Adopted by the 
Therapeutic Goods Administration (TGA) with the following notation:

“Sponsors should note that Section 2 of this guideline (which refers to mandatory 
testing) is not adopted, however the TGA reserves the discretionary right to 
take samples and test. Sponsors should also note in respect of Section 4 (which 
relates to certification that materials derived from ruminants are compliant 
with Directive 1999/82/EEC), that the ‘TGA Approach to Minimising the Risk 
of Exposure to Transmissible Spongiform Encephalopathies (TSEs) Through 
Medicines’ is relevant to assessment in Australia.” Effective February 7, 2003
http://www.tga.gov.au/docs/pdf/euguide/edqm/ocabr26.pdf

Harmonization of requirements for influenza vaccines. Adopted by TGA July 
1994
http://www.tga.gov.au/docs/pdf/euguide/vol3a/3ab14aen.pdf

Cell culture inactivated influenza vaccines – Annex to note for guidance on 
harmonization of requirements for influenza vaccines (CPMP/BWP/214/96) 
(EMEA Guidance). Effective: 5 March 2003
http://www.tga.gov.au/docs/pdf/euguide/bwp/249000en.pdf

Guideline on the scientific data requirements for a vaccine antigen master file 
(VAMF) (EMEA Guidance). Published on the TGA Internet Site: Effective: 24 
August 2004
http://www.tga.gov.au/docs/pdf/euguide/bwp/454803en.pdf

Guideline on adjuvants in vaccines for human use  
http://www.tga.gov.au/docs/pdf/euguide/veg/134716en.pdf

Guideline on dossier structure and content for pandemic influenza vaccine 
marketing authorization application 
http://www.tga.gov.au/docs/pdf/euguide/veg/471703en.pdf

Canada
Regulatory preparedness for pandemic influenza vaccines
http://www.hc-sc.gc.ca/dhp-mps/brgtherap/reg-nit/vac/pandemicvaccine_
nov2005_e.html
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Good manufacturing practices guidelines, 2002 edition, version 2
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/compli-
conform/2002v2_e.pdf

Emergency interim orders
http://www.hc-sc.gc.ca/ahc-asc/media/nr-cp/2002/2002_emergency-
urgence_e.html

Administrative policy: management of biologics submissions for public 
health need
Available upon request
http://www.hc-sc.gc.ca/dhp-mps/brgtherap/applic-demande/guides/stat-drugs-
drogues/stat_bgtd_dpbtg-eng.php

Guidance for sponsors-lot release program for Schedule  D (Biologic) Drugs 
(2005)
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/brgtherap/gui_
sponsors-dir_promoteurs_lot_program_e.pdf

Guidance document: pandemic influenza vaccine, manufacturing & clinical 
information review & regulatory authorization 
Available on Request 
http://www.hc-sc.gc.ca/dhp-mps/brgtherap/applic-demande/guides/stat-drugs-
drogues/stat_bgtd_dpbtg-eng.php

European Union
Directive 2001/20/EU of the European Parliament and of the Council of 4 April 
2001 on the approximation of the laws, regulations and administrative provisions 
of the Member States relating to the implementation of good clinical practice in 
the conduct of clinical trials on medicinal products for human use 
www.eortc.be/Services/Doc/clinical-EU-directive-04-April-01.pdf

Harmonization of requirements for influenza vaccines CPMP/BWP/214/96
http://www.emea.europa.eu/pdfs/human/bwp/021496en.pdf

International Conference on Harmonisation. E11: Clinical Investigation of 
Medicinal Products in the Paediatric Population, July 2000 
http://www.ich.org/cache/compo/276-254-1.html http://www.emea.europa.eu/
pdfs/human/ich/271199en.pdf

Cell culture inactivated influenza vaccines (CPMP/BWP/2490/00) – Annex 
to note for guidance on harmonization of requirements for influenza vaccines 
(CPMP/BWP/214/96)
www.emea.europa.eu/pdfs/human/bwp/249000en.pdf
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Committee for Proprietary Medicinal Products – Guideline on core dossier 
structure and content for pandemic influenza vaccine marketing authorization 
application
http://www.emea.eu.int/pdfs/human/vwp/471703en.pdf

Committee for Proprietary Medicinal Products – Guideline on submission of 
marketing authorization applications for pandemic influenza vaccines through 
the centralized procedure
http://www.emea.eu.int/pdfs/human/vwp/498603en.pdf

EMEA pandemic influenza preparedness
http://www.emea.europa.eu/htms/human/pandemicinfluenza/background.htm

Core summary of product characteristics for pandemic influenza vaccines, 
adopted June 2005
http://www.emea.eu.int/pdfs/human/vwp/19303104en.pdf

Guideline on dossier structure and content of marketing authorization 
applications for influenza vaccines derived from strains with a pandemic 
potential for use outside of the core dossier context
http://www.emea.europa.eu/pdfs/human/vwp/26349906en.pdf

Guideline on summary of product characteristics, published by the European 
Commission—December 1999
http://pharmacos.eudra.org/F2/eudralex/vol-2/C/SPCGuidRev0-Dec99.pdf

Guideline on pharmaceutical aspects of the product information for human vaccines  
http://www.emea.eu.int/pdfs/human/bwp/275802en.pdf

Guideline on adjuvants in vaccines for human use (2005)
http://www.emea.europa.eu/pdfs/human/vwp/13471604en.pdf

Cell culture inactivated influenza vaccines
http://www.emea.europa.eu/pdfs/human/bwp/249000en.pdf

Japan
Regulatory preparedness for human pandemic influenza vaccines
http://www.mhlw.go.jp/english/topics/influenza/index.html

Guideline on manufacturing, use and post-marketing surveillance of H5N1 
vaccine (after pandemic is declared) [in Japanese]
http://www.mhlw.go.jp/bunya/kenkou/kekkaku-kansenshou04/pdf/09-09.pdf
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United States Food and Drug Administration
Guidance for industry: Clinical data needed to support the licensure of pandemic 
influenza vaccines 
http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/
ucm074786.htm

Guidance for industry: clinical data needed to support the licensure of seasonal 
inactivated influenza vaccines 
http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/
ucm074794.htm

Draft guidance for industry: Characterization and qualification of cell substrates 
and other biological starting materials used in the production of viral vaccines 
for the prevention and treatment of infectious diseases
http://www.fda.gov/cber/gdlns/vaccsubstrates.pdf

Guidance for industry: Considerations for developmental toxicity studies for 
preventive and therapeutic vaccines for infectious disease indications 
http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/
ucm074827.htm

Draft guidance for industry: Toxicity grading scale for healthy adult and 
adolescent volunteers enrolled in preventive vaccine clinical trials 
http://www.fda.gov/cber/gdlns/toxvac.pdf

Draft guidance for industry: Considerations for plasmid DNA vaccines for 
infectious disease indications 
http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/
ucm074770.htm

Guidance for industry: How to comply with the pediatric research equity act 
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/
DevelopmentResources/UCM077855.pdf

Draft guidance: Emergency use authorization of medical products 
http://www.fda.gov/RegulatoryInformation/Guidances/ucm125127.htm

Guidance for industry: Fast track drug development programs – designation, 
development, and application review 
http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/ucm077104.pdf
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Guidance for industry: Content and format of chemistry, manufacturing and 
controls information for a vaccine or related product 
http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/
ucm076612.htm

Pediatric Research Equity Act of 2003, US Public Law 108-155 
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_public_
laws&docid=f:publ155.108

World Health Organization
WHO Guidelines for good clinical practices (GCP) for trial on pharmaceutical 
products. Expert Committee on the use of essential drugs. Sixth report. Geneva, 
World Health Organization, 1995 Annex  3 (WHO Technical Report Series, 
No. 850).

WHO Programme for International Drug Monitoring and the Uppsala Data 
Monitoring Centre 
http://www.who-umc.org/DynPage.aspx

WHO revised requirements for influenza vaccine (inactivated) and WHO 
requirements for influenza vaccine (live). Geneva, World Health Organization, 
1978, Annex 3 (WHO Technical Report Series, No. 638)
http://www.who.int/biologicals/publications/Influenza%20inactivated%20
recommendations%20annex%203.pdf

WHO good manufacturing practices for biological products. WHO Expert 
Committee on Biological Standardization. Forty-second report. Geneva, World 
Health Organization, 1992, Annex 1 (WHO Technical Report Series, No. 822)
http://www.who.int/biologicals/publications/trs/areas/biological_products/
WHO_TRS_822_A1.pdf

WHO General requirements for the sterility of biological substances. WHO 
Expert Committee on Biological Standardization, Forty-sixth Report. Geneva, 
World Health Organization, 1998, Annex  3 (WHO Technical Report Series, 
No. 872)
http://www.who.int/biologicals/publications/trs/areas/biological_products/
WHO_TRS_872_A3.pdf
WHO Guidelines for assuring the quality of pharmaceutical and biological 
products prepared by recombinant DNA technology. In: WHO Expert Committee 
on Biological Standardization. Forty-first report. World Health Organization, 
1991, Annex 3 (WHO Technical Report Series, No. 814)
http://www.who.int/biologicals/publications/trs/areas/vaccines/rdna/WHO_
TRS_814_A3.pdf
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WHO guidelines on regulatory expectations related to the elimination, 
reduction or replacement of thiomersal in vaccines. In: WHO Expert Committee 
on Biological Standardization. Fifty-third report. Geneva, World Health 
Organization, 2004, Annex 4 (WHO Technical Report Series, No. 926)
http://www.who.int/biologicals/en/926-Inside%20page.pdf

WHO Regulation and licensing of biological products in countries with newly 
developing regulatory authorities. In: WHO Expert Committee on Biological 
Standardization. Forty-fifth report. Geneva, World Health Organization, 1995, 
Annex 1 (WHO Technical Report Series, No. 858)
http://www.who.int/biologicals/publications/trs/areas/biological_products/
WHO_TRS_858_A1.pdf

WHO guidelines on nonclinical evaluation of vaccines. In: WHO Expert 
Committee on Biological Standardization. Fifty-fourth report. Geneva, World 
Health Organization, 2005, Annex 1 (WHO Technical Report Series, No. 927)
http://www.who.int/biologicals/publications/trs/areas/vaccines/nonclinical_
evaluation/ANNEX%201Nonclinical.P31-63.pdf

WHO guidelines on clinical evaluation of vaccines: regulatory expectations. 
In: WHO Expert Committee on Biological Standardization. Fifty-second report. 
Geneva, World Health Organization, 2003, Annex  1 (WHO Technical Report 
Series, No. 924)
http://www.who.int/biologicals/publications/trs/areas/vaccines/clinical_
evaluation/035-101.pdf

WHO Biosafety risk assessment and guidelines for the production and quality 
control of human influenza pandemic vaccines. In: WHO Expert Committee on 
Biological Standardization. Fifty-sixth report. Geneva, World Health Organization, 
2005, Annex 5
www.who.int/entity/biologicals/publications/ECBS%202005%20Annex%20
5%20Influenza.pdf

WHO Recommendations for the production and control of influenza vaccines 
(inactivated). In: WHO Expert Committee on Biological Standardization. Fifty-
fourth report. Geneva, World Health Organization, 2005, Annex  3 (WHO 
Technical Report Series, No. 927)
http://www.who.int/biologicals/publications/trs/areas/vaccines/influenza/
ANNEX%203%20InfluenzaP99-134.pdf

WHO Requirements for the use of animal cells as in vitro substrates for the 
production of biologicals (Addendum 2003). In: WHO Expert Committee 
on Biological Standardization. Fifty-fourth report. Geneva, World Health 
Organization, 2005, Annex 4 (WHO Technical Report Series, No. 927)
http://www.who.int/biologicals/areas/blood_products/ANNEX%204%20
Animal%20cellsP135-137.pdf
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WHO requirements for continuous cell lines used in biologicals production. 
In: WHO Expert Committee on Biological Standardization. Thirty-sixth report. 
Geneva, World Health Organization, 1987, Annex  3 (WHO Technical Report 
Series, No. 745)
http://whqlibdoc.who.int/trs/WHO_TRS_745.pdf

WHO Guidance on development of influenza vaccine reference viruses by reverse 
genetics. Geneva, World Health Organization, Department of Communicable 
Disease Surveillance and Response, Global Influenza Programme (WHO/CDS/
CSR/GIP/2006.6)
http://www.who.int/vaccine_research/diseases/influenza/WHO_guidance_on_
development_of_influenza_vaccine_reference_viruses_by_RG_2005_6.pdf

WHO Global influenza preparedness plan. The role of WHO and recommendations 
for national measures before and during a pandemic. Geneva, World Health 
Organization, Department of Communicable Disease Surveillance and 
Response, Global Influenza Programme (WHO/CDS/CSR/GIP/2005.5)
http://www.who.int/csr/resources/publications/influenza/WHO_CDS_CSR_
GIP_2005_5/en/

WHO Special considerations for the expedited procedure for evaluating 
seasonal influenza vaccines.
http://www.who.int/immunization_standards/vaccine_quality/final_expedited_
procedure_flu_240207.pdf

WHO Stockpiling H5N1 influenza vaccine and establishing a mechanism 
for providing access to a pandemic vaccine for developing countries without 
influenza vaccine manufacturing capacity. Weekly Epidemiological Record, 2007, 
21:192–193
http://www.who.int/mediacentre/events/2007/avianinfluenza/sage.pdf

Resolution WHA6028. WHO Pandemic influenza preparedness: sharing of 
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Recommendations published by WHO are intended to be 
scientific and advisory in nature. The parts of each section 
printed in type of normal size have been written in such a form 
that, should a national regulatory authority desire, they may be 
adopted as they stand as definitive national requirements or used 
as the basis of such requirements. Those parts of each section 
printed in small type are comments and recommendations 
for guidance for those manufacturers and national regulatory 
authorities who may benefit from additional information.

It is recommended that modifications be made only on 
condition that the modifications ensure that the vaccine is at 
least as safe and efficacious as that prepared in accordance with 
the recommendations set out below.

The terms “national regulatory authority” and “national control 
laboratory” as used in these recommendations, always refer to 
the country in which the vaccine is manufactured.
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C.1 Introduction
C.1.1 Background
Recommendations for the production and control of meningococcal group  C 
conjugate vaccines (1) were adopted by the Expert Committee on Biological 
Standardization at its fifty-second meeting in 2001. On that occasion, the 
Committee recommended the development of guidance on evaluation of 
immune responses to these vaccines. In response to this, an addendum devoted 
to the evaluation of the immunogenicity of group C meningococcal conjugate 
vaccines was prepared and adopted by the Committee at its fifty-third meeting 
in 2003 (2).

Following adoption of the Recommendations to assure the quality, safety 
and efficacy of group  A meningococcal conjugate vaccines in October 2006, a 
need to update the Recommendations provided in the Annex 3 of the report of 
the fifty-third meeting (2), was identified.

The aim of this document is to provide more detailed recommendations, 
updated according to the new data on immunogenicity and effectiveness of 
group C meningococcal (MenC) conjugate vaccines that have become available 
since 2003. This document should be read in conjunction with the Annex 2 of 
the TRS 924. The establishment of this document will lead to discontinuation of 
Addendum 2003 to Annex 3 of the TRS 926.

C.1.2 General considerations for clinical studies
In general, clinical trials should adhere to the principles described in the WHO 
guidelines on good clinical practice (3).

General principles described in the WHO guidelines on clinical evaluation 
of vaccines: regulatory expectations apply to MenC conjugate vaccines and 
should be followed (4). Some of the issues that are specific to MenC conjugate 
vaccines and/or particularly to the clinical development programme for MenC 
conjugate vaccines are discussed in the following sections and should be read in 
conjunction with the general guidance mentioned above.

These recommendations should be viewed in the light of further data on 
the safety, immunogenicity and effectiveness of MenC conjugate vaccines and 
any relevant data on other types of meningococcal conjugate vaccines that may 
become available in the future.

C.1.3 Scope of the studies
The focus of the clinical development programme for a new MenC conjugate 
vaccine will be studies of immune responses to the new vaccine and not studies 
that estimate the protection afforded by the vaccine against MenC disease. This 
is because:
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 ■ As described in section C.2.1, assay of functional anti-MenC 
antibody elicited in response to vaccination is well established and 
widely accepted as a marker for protection against invasive MenC 
disease.

 ■ It is therefore not necessary and in addition it is not ethical to 
perform studies to estimate the absolute protective efficacy (i.e. in 
comparison with an unvaccinated group) of a new MenC conjugate 
vaccine.

 ■ Similarly, studies of relative protective efficacy (i.e. in comparison 
with a licensed MenC vaccine) are not necessary and are very 
unlikely to be feasible since large studies of long duration would be 
required to accumulate sufficient cases of MenC disease.

The first MenC conjugate vaccines to be licensed and widely used 
employed 10  µg of conjugated polysaccharide per dose. Initially these were 
administered as a three-dose primary series to infants and as a single priming 
dose to older children and adults. However, it has since become apparent that 
lower doses of MenC conjugated polysaccharide and/or fewer than three doses 
in the infant primary series may achieve satisfactory post-primary immune 
responses (5). Also, several studies have reported better post-boosting immune 
responses when lower doses and/or fewer doses have been administered in 
infancy than when using regimens of three doses of 10 µg (5).

Therefore it is important that the early development programme for 
new MenC conjugate vaccines, especially if included in a combination vaccine 
in which the other antigens may affect the anti-MenC response, should provide 
data to support the choice of appropriate primary regimens for children under 
1 year old, children aged approximately 1–4 years and older subjects.

The general approach to confirmatory clinical study design should be 
based on a comparison of immune responses between the MenC conjugate 
in the new vaccine and at least one licensed vaccine that contains a MenC 
conjugate. It is clear that the immunogenicity of licensed MenC conjugate 
vaccines varies according to the nature of the conjugate, the age of the recipient 
and the antigens that are co-administered (5, 6). Therefore, the selection of the 
comparative vaccine(s) in any one study requires careful consideration and 
justification that takes into account the age group concerned and the antigens 
that will be co-administered.

In addition, it is recognized that some national regulatory authorities 
may expect that at least one confirmatory study that includes a comparison with 
a licensed unconjugated MenC polysaccharide vaccine should be conducted in 
the age groups in which these vaccines have been shown to be immunogenic 
and protective (e.g. in adolescents and young adults).
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C.2 Assessment of the immune responses
C.2.1 Antibody assays
The assays used should be fully validated.

Assay of serum bactericidal antibody
The serum bactericidal antibody (SBA) assay measures functional antibody and 
should be regarded as the primary means of assessing the immune response 
because SBA titres are considered to be the most important criteria for evaluation 
of the likely protective efficacy of a MenC conjugate vaccine.

The source of complement used may be either baby rabbit or human. 
The source of complement affects the results of SBA assays since higher SBA 
titres are obtained with the majority of sera when baby rabbit complement is 
used rather than human complement (7, 8).

In a prospective study in US army recruits, Goldschneider 
et  al. (9) observed a strong correlation between development 
of MenC disease, which was the only group circulating at that 
time in the population studied, and anti-MenC SBA titres <  1:4 
(measured using human complement; hSBA) at the time of entry 
into basic training. In addition, hSBA titres ≥  1:4 seemed to 
correlate approximately with clinical protection against group A, 
B or C meningococcal disease based on studies with sera from 
unvaccinated subjects aged from 0–26 years and data on disease 
epidemiology (10).

Further information on the correlation between SBA titres and 
protection against invasive meningococcal disease has emerged 
following the introduction of MenC conjugate vaccines in the 
United Kingdom in 1999. Serial evaluations of the correlates of 
protection for MenC disease have been performed as data have 
emerged since 1999 on vaccine effectiveness and the results of SBA 
testing in which baby rabbit complement (rSBA) was employed 
(11–15). From the estimates of effectiveness by age group in the 
UK and the immunogenicity data obtained from clinical trials 
with three MenC conjugate vaccines it was proposed that rSBA 
titres of 1:8 using the method originally described by Maslanka 
et al. (16) and the UK reference laboratory methodology correlated 
with short-term protection (17, 18).

Currently there is no consensus regarding the choice of human 
or baby rabbit complement for SBA assays and opinion is divided 
regarding the possible advantages and disadvantages of each (7, 
8, 19–22).
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Assay of MenC-specific antibody

MenC-specific antibody concentrations (total or only IgG, IgG subclasses) may 
be used as secondary parameters in the assessment of the immune response. 
The most common methodology used is an enzyme-linked immunosorbent 
assay (ELISA) (23). However, only a proportion of the capsule-specific antibody 
may be functional and functionality would be affected by antibody isotype and 
avidity. The concentration of anti-capsular antibody required for protection 
against MenC disease is not known with any degree of certainty.

Additional investigations of antibody quality may include measurement 
of antibody avidity. These assays may assist in assessment of maturation of the 
immune responses (e.g. in response to booster doses of the conjugate).

C.2.2 Criteria for assessment of immune responses
In comparative studies of post-primary immune responses against licensed 
MenC conjugate vaccines the primary analysis will most likely be based on 
demonstrating that the proportion of previously seronegative subjects (i.e. 
pre-vaccination hSBA < 1:4 or rSBA < 1:8) that achieves hSBA titres ≥ 1:4 or 
rSBA titres ≥  1:8 post-vaccination is non-inferior to that in the comparative 
vaccine group(s). The predefined margin of non-inferiority should be carefully 
justified (24).

However, it is very important that the overall comparison of immune 
responses between vaccine groups should examine other potentially important 
parameters. For example, if baby rabbit complement is used in the assay then 
a plan should be in place to make thecomparisons of geometric mean titres 
(GMTs), proportions with rSBA titres ≥  1:128 and proportions with 4-fold 
increases in titre from pre-immunization to 1 month post-immunization.

In comparisons between a new vaccine that contains a MenC conjugate 
and a licensed unconjugated vaccine, which would be possible only in age 
groups in which the licensed unconjugated vaccine have been shown to be 
immunogenic and protective, the primary analysis might have to be based on 
increments in titres if a large proportion of vaccinees have pre-vaccination 
hSBA titres ≥  1:4 or rSBA titres ≥  1:8. In these age groups post-priming 
immune responses and/or persistence of antibody might be expected to be 
better with the conjugated vaccine. Therefore, the pre-planned analyses of early 
post-vaccination immune responses and of antibody persistence might include 
progression to an evaluation of superiority for the MenC conjugate vaccine 
once it has been established that the pre-defined non-inferiority criteria have 
been met.

If data on MenC-specific antibody concentrations are also generated 
(e.g. using ELISA), a similar approach should be taken for the analyses. Any 
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deviations in the pattern of immune responses compared to those seen with 
SBA should be explored and discussed.

C.2.3 Antibody persistence, immune memory and booster doses
In recent years it has become clear that maintaining circulating functional 
antibody (i.e. as demonstrated by SBA) is necessary for continued protection 
against MenC invasive disease (25, 26). Documentation of antibody persistence 
after administration of MenC conjugate vaccines by following SBA titres over 
time is therefore considered to be extremely important (see section 3).

Furthermore, MenC conjugate vaccines have been shown to prime the 
immune system and this priming probably accounts for, or at least contributes 
to, the maintenance of protective SBA titres. Therefore, the characterization of 
the immune response to the priming dose(s) should include demonstration of 
an anamnestic response to a booster dose of a MenC conjugate vaccine when 
administered at least 6 months to 1 year after completion of the primary series.

The use of unconjugated MenC polysaccharide vaccine is not 
recommended for the assessment of prior induction of immune memory.

In addition, the administration of second or further doses of 
unconjugated MenC polysaccharide vaccine should be avoided. Therefore, in any 
studies that initially compare the immune response to priming with conjugated 
and unconjugated MenC vaccines any plan for assessing responses to booster 
doses should be confined to administration of MenC conjugate vaccine.

The investigation of the induction of immune memory during 
the primary series has often been assessed in the past by 
administration of a small amount (e.g. 1/5 adult dose) of a 
licensed unconjugated MenC vaccine at least 6 months later.

However, newer data suggest that individuals vaccinated with 
unconjugated MenC polysaccharide vaccine develop MenC 
antibody hyporesponsiveness. That is, lower antibody titres 
are elicited after subsequent injections of unconjugated MenC 
polysaccharide or of MenC conjugate vaccines than are seen in 
subjects who have not previously received unconjugated MenC 
polysaccharide (27–30). The magnitude of the impaired antibody 
response is inversely correlated with age (i.e. greater in infants 
than adults) and greater after two or more previous doses of 
unconjugated MenC polysaccharide, whether full or fractional, 
than after one dose.
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Immunologic priming may also be inferred from an increase 
in (i.e. maturation of) anti-capsular avidity as measured in sera 
obtained 1 month and 6 months or longer after the primary series 
(27). Therefore, it is recommended that changes in the avidity of 
MenC-specific IgG from pre- to post-primary series and before 
and after a booster dose of MenC conjugate vaccine should be 
evaluated in a subset of vaccinees.

C.2.4 Immune responses to carrier protein
To date, proteins such as a non-toxic diphtheria toxin molecule (CRM197), 
diphtheria toxoid and tetanus toxoid have been used in the production of 
various meningococcal conjugate vaccines. Administration of these conjugated 
saccharides alone has been found to result in measurable amounts of antibody 
to the carrier proteins but not to a sufficient extent that routine immunization 
schedules for diphtheria or tetanus could be amended. Co-administration of these 
conjugates with routine vaccines containing diphtheria and tetanus toxoids has 
generally enhanced the total antibody levels against these antigens (depending 
on the carrier). These issues should be investigated for any new conjugate vaccine 
and should take into account the functionality of the antibody to the carrier. 
If notable increases in anti-diphtheria or anti-tetanus toxin antibody titres are 
observed under these circumstances then consideration should be given to the 
potential for adverse events to occur (e.g. as a result of hyperimmunization).

For any novel proteins that may be used to manufacture conjugate 
vaccines (i.e. those not already components of existing licensed conjugate 
vaccines), the immune response to the carrier protein should be explored. Any 
foreseeable potential clinical significance of the findings should be discussed and 
further studies conducted as necessary.

C.2.5 Combined vaccines and concomitant administration with other vaccines
C.2.5.1 Combined vaccines
It is already well documented that immune responses to certain types of 
conjugated antigens are lower when they are combined with some other antigens 
in pre-formulated products compared to separate but concomitant and/or 
separate and non-concomitant administration (e.g. lower responses to Hib 
conjugates when they are combined with acellular pertussis components). In 
some instances the immune response to a conjugated antigen has been shown to 
be lower when it is mixed with other antigens only immediately before injection. 
More recently it has become apparent that there may be particular problems 
of immune interference when more than one conjugated antigen is included 
in a combined vaccine. Therefore, if a candidate MenC conjugate vaccine is 
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to be included in a combination product, with or without other conjugated 
saccharide(s), there should be an adequate exploration of the potential for 
immune interference to occur.

Although the ideal would be to demonstrate that incorporation of a 
MenC conjugate into a combined vaccine has no adverse consequences for 
safety or immunogenicity with respect to any antigen, the design of studies that 
evaluate the effects of adding antigens could be very complex depending on the 
novelty of the total combination. Since several MenC conjugate vaccines have 
been approved for use in a wide age range a comparison of anti-MenC SBA titres 
between the test vaccine and at least one licensed MenC conjugate-containing 
vaccine may be used to establish that there is no important adverse effect on 
immune responses to the candidate MenC conjugate when it is included in the 
combined product.

The immune responses to the other antigens in the final combined 
formulation should also be satisfactory. If there is any immune interference 
observed with respect to any of the combined antigens, the possible clinical 
implications should be carefully considered before proceeding with clinical 
development.

C.2.5.2 Concomitant administration with other vaccines
In recent years, it has also become apparent that concomitant administration 
of some types of conjugates with other vaccines in routine use, including other 
conjugated vaccines, may give rise to detectable immune interference although 
the clinical significance of the observed phenomena is not always clear (31). 
Examples include depression of anti-MenC SBA GMTs on co-administration 
with acellular pertussis vaccines and higher anti-Hib responses when Hib-
tetanus toxoid (PRP-T) conjugates are co-administered with MenC-T conjugates 
than after co-administration with MenC-CRM197 conjugates.

Therefore it is important that immune responses to candidate MenC 
conjugate vaccines (whether monovalent or in a combined vaccine) should be 
evaluated on co-administration with other vaccines that are representative of 
types that, for convenience and compliance reasons, are very likely to be given at 
the same clinic visits. Responses to other co-administered antigens should also 
be evaluated. The approach to these studies is based primarily on demonstrating 
non-inferiority of responses to antigens when vaccines are co-administered 
compared to each vaccine given alone, with careful justification of pre-defined 
non-inferiority margins.

C.3 Post-marketing studies and surveillance
For the post-licensure period, there should be plans in place to further assess 
vaccine safety and effectiveness.
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Based on experience it is expected that a booster dose of MenC 
conjugate vaccine will be needed after priming of infants with any novel vaccine 
containing a MenC conjugate. The optimal timing of this booster dose may 
be influenced by the magnitude of the post-primary immune response and so 
potentially may vary depending on the vaccine used for priming. It is not yet 
known if additional boosters will be needed after the second year of life or if 
routine boosters will be needed to maintain protection in older people who 
received a single priming dose.

Thus it is essential that data on longer-term antibody persistence should 
be gathered in order to assess the need for and optimal timing of booster 
doses (see C.2.3). Whenever possible these data should be supplemented by 
information on the long-term effectiveness of the vaccine during routine use.

In reality, sound and comprehensive safety and effectiveness data cannot 
be collected by the manufacturers alone. Therefore, there should be discussions 
between the vaccine manufacturers responsible for placing the product on 
the market and national and international public health bodies regarding the 
feasibility of estimating effectiveness in the postmarketing period. Reliable 
estimates of effectiveness can only be obtained in geographical locations in 
which appropriate vaccine campaigns are initiated and where there is already a 
suitable infrastructure in place to identify cases of MenC disease.

All data collected should be submitted to the responsible national 
regulatory authorities at regular intervals so that any implications for the 
marketing authorization can be assessed.

Authors
The first and second draft revision of these Recommendations was prepared by: 
Dr M. Powell, Medicines and Healthcare Products Regulatory Agency, London, 
England in consultation with Dr C. Frasch, Consultant, Martinsburg, USA; Dr D. 
M Granoff, Children’s Hospital Oakland Research Institute, Oakland, CA, USA; 
Dr E. Griffiths, Biologics and Genetic Therapies, Health Canada, Ottawa, Canada; 
Dr G. Carlone, Center for Disease Control and Prevention, Atlanta, GA, USA; 
Dr I. Feavers, National Institute for Biological Standards and Control, Potters 
Bar, England; Dr R. Borrow, Health Protection Agency, Manchester, England 
with support from the World Health Organization (WHO) Secretariat: Dr T.Q. 
Zhou, WHO, Immunizations, Vaccines and Biologicals Department)/Quality, 
Safety and Standards Team; Dr I. Knezevic, WHO, Immunizations, Vaccines 
and Biologicals Department/Quality, Safety and Standards Team; Dr D.J. Wood, 
WHO, Family and Community Health Cluster/Immunizations, Vaccines and 
Biologicals Department/Quality, Safety and Standards Team; and Dr T. Cherian, 
WHO, Family and Community Health Cluster/Immunizations, Vaccines and 
Biologicals Department/Expanded Programme on Immunization.

WHO_TRS_963.indb   234 11/8/11   11:26 AM



Annex 3

235

The third draft revision was prepared by Dr M. Powell with support from 
the WHO Secretariat, following circulation of the draft for comments among 
the participants at the WHO Informal Consultation to Assure the Quality, 
Safety and Efficacy of Group  A Meningococcal Conjugate Vaccines held from 
22–23 June 2006.1

Acknowledgements
Acknowledgements are due to the following experts for their helpful comments 
and advice: Dr C. Ceccarini, Consultant, Siena, Italy; Dr M. Hassan-King, 
Consultant, Freetown, Sierra Leone; Dr V. Öppling, Paul Ehrlich Institut, Langen, 
Germany; Dr Jan Poolman, R&D Bacterial Vaccine Program, GSK Biologicals, 
Belgium; and Professor D. Goldblatt, Director of Clinical Research and 
Development, Institute of Child Health, University College London, England.

References
1. Recommendations for the production and control of meningococcal group C conjugate 

vaccines In: WHO Expert Committee on Biological Standardization. Fifty-second report. Geneva, 
World Health Organization, 2004, Annex 2 (WHO Technical Report Series, No. 924).

2. Recommendations for the production and control of group C meningococcal conjugate 
vaccines (addendum 2003). In: WHO Expert Committee on Biological Standardization. Fifty-third 
report. Geneva, World Health Organization, 2004, Annex 3 (WHO Technical Report Series, No. 926).  

3. Guidelines for good clinical practices (GCP) for trials on pharmaceutical products. In: WHO 
Expert Committee on the Use of Essential Drugs. Sixth report. Geneva, World Health Organization, 
1995, Annex 1 (WHO Technical Report Series, No. 858).

4. Guidelines on clinical evaluation of vaccines: regulatory expectations. In: WHO Expert 
Committee on Biological Standardization. Fifty-second report. Geneva, World Health Organization, 
2004, Annex 1 (WHO Technical Report Series, No. 924).

5. Granoff D, Harrison LH, Borrow R. Meningococcal vaccines. In: Plotkin SA, Offit P, Orenstein WA, 
eds. Vaccines, 5th ed. Philadelphia, WB Saunders, 2008.

6. Kitchin NR et al. Evaluation of a diphtheria-tetanus-acellular pertussis-inactivated poliovirus-
Haemophilus influenzae type b vaccine given concurrently with meningococcal group C 
conjugate vaccine at 2, 3 and 4 months of age. Archives of Disease in Childhood, 2007, 92:11–16.

7. Zollinger WD, Mandrell RE. Importance of complement source in bactericidal activity of human 
antibody and murine monoclonal antibody to meningococcal group B polysaccharide. Infection 
and Immunity, 1983, 40:257–264.

1 Recommendations to assure the quality, safety and efficacy of group A meningococcal conjugate 
vaccines In: WHO Expert Committee on Biological Standardization. Fifty-seventh report. Geneva, World 
Health Organization, 2006, Annex 2 (WHO Technical Report Series, No. 962). (http://www.who.int/
biologicals/publications/trs/areas/vaccines/meningococcal/MenA%20Final%20BS204102.Nov.06.pdf ).

WHO_TRS_963.indb   235 11/8/11   11:26 AM



236

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
63

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-eighth report

8. Santos GF et al. Importance of complement source in measuring meningococcal bactericidal 
titers. Clinical and Diagnostic Laboratory Immunology, 2001, 8:616–623.

9. Goldschneider I, Gotschlich EC, Artenstein MS. Human immunity to the meningococcus. I. The role 
of humoral antibodies. Journal of Experimental Medicine, 1969, 129:1307–1326.

10. Goldschneider I, Gotschlich EC, Artenstein MS. Human immunity to the meningococcus. II. 
Development of natural immunity. Journal of Experimental Medicine, 1969, 129:1327–1348.

11. Borrow R et al. Serological basis for use of meningococcal serogroup C conjugate vaccines in 
the United Kingdom: Reevaluation of correlates of protection. Infection and Immunity, 2001, 
69:1568–1573.

12. Borrow R et al. Antibody persistence and immunological memory at age 4 years after 
meningococcal C conjugate vaccination in UK children. Journal of Infectious Diseases, 2002, 
186:1353–1357.

13. Andrews N, Borrow R, Miller E. Validation of serological correlate of protection for 
meningococcal C conjugate vaccine by using efficacy estimates from postlicensure surveillance 
in England. Clinical and Diagnostic Laboratory Immunology, 2003, 10:780–786.

14. Borrow R, Balmer P, Miller E. Meningococcal surrogates of protection – serum bactericidal 
activity. Vaccine, 2005, 23:2222–2227.

15. Borrow R, Miller E. Surrogates of protection. In: Frosch M, Maiden M, eds. Handbook of 
meningococcal disease. London, Wiley, 2006:323–351.

16. Maslanka SE et al. Standardization and a multilaboratory comparison of Neisseria meningitidis 
serogroup A and C serum bactericidal assays. Clinical and Diagnostic Laboratory Immunology, 
1997, 4:156–167.

17. Andrews N, Borrow R, Miller E. Validation of serological correlate of protection for 
meningococcal C conjugate vaccine by using efficacy estimates from post-licensure surveillance 
in England. Clinical and Diagnostic Laboratory Immunology, 2003, 10:780–786.

18. Borrow R, Balmer P, Miller E. Meningococcal surrogates of protection – serum bactericidal 
antibody activity. Vaccine, 2005, 23:2222–2227.

19. Madico G et al. The meningococcal vaccine candidate GNA1870 binds the complement 
regulatory protein factor H and enhances serum resistance. Journal of Immunology, 2006, 
177:501–510.

20. Schneider MC et al. Functional significance of factor H binding to Neisseria meningitidis. Journal 
of Immunology, 2006, 176:7566–7575.

21. Ram S. Binding of fH to meningococci is specific for human fH. 15th International Pathogenic 
Neisseria Conference. Cairns, Australia, 2006.

22. Mandrell RE, Azmi FH, Granoff DM. Complement-mediated bactericidal activity of human 
antibodies to poly alpha 2-->8 N-acetylneuraminic acid, the capsular polysaccharide of 
Neisseria meningitidis serogroup B. Journal of Infectious Diseases, 1995, 172:1279–1289.

23. Gheesling LL et al. Mulitcenter comparison of Neisseria meningitidis serogroup C anti-capsular 
polysaccharide antibody levels measured by a standard enzyme-linked immunosorbent assay. 
Journal of Clinical Microbiology, 1994, 32:1475–1482.

24. Plikaytis BD, Carlone GM. Statistical considerations for vaccine immunogenicity trials. Part 2: 
noninferiority and other statistical approaches to vaccine evaluation. Vaccine, 2005, 23:1606–
1614.

25. Trotter CL et al. Effectiveness of meningococcal serogroup C conjugate vaccine 4 years after 
introduction. Lancet, 2004, 364:365–367.

WHO_TRS_963.indb   236 11/8/11   11:26 AM



Annex 3

237

26. Edwards EA et al. Immunological investigations of meningococcal disease. III. Brevity of group C 
acquisition prior to disease occurrence. Scandinavian Journal of Infectious Diseases, 1977, 
9:105–110.

27. Granoff DM, Pollard AJ. Reconsideration of the use of meningococcal polysaccharide vaccine. 
Pediatric Infectious Disease Journal, 2007, 26:716–722.

28. MacLennan J et al. Immunologic memory 5 years after meningococcal A/C conjugate vaccine 
in infancy. Journal of Infectious Diseases, 2001:183:97–104.

29. Keyserling H et al. Safety, immunogenicity and immune memory of a novel meningococcal 
(groups A, C, Y, and W135) polysachharide diphtheria toxoid conjugate vaccine (MCV-4) in 
healthy adolescents. Archives of Pediatrics & Adolescent Medicine, 2005, 159:907–913.

30. Vu DM et al. Priming for immunologic memory in adults by meningococcal group C conjugate 
vaccination. Clinical and Vaccine Immunology, 2006, 13:605–610.

31. Buttery J et al. Immunogenicity and safety of a combination Pnuemococcal-Meningococcal 
vaccine in infants: A randomized controlled trial. Journal of the American Medical Association, 
2005, 293:1751–1758.

WHO_TRS_963.indb   237 11/8/11   11:26 AM



WHO_TRS_963.indb   238 11/8/11   11:26 AM



239

Annex 4

Biological substances: International standards and 
reference reagents
A list of International Standards and  Reference Reagents for biological substances 
was issued in WHO Technical Report Series, No. 897, 2000 (Annex 4) and an 
updated version is available on the Internet at http://www.who.int/biologicals. 
Copies of the list may be obtained from appointed sales agents for WHO 
publications or from: Marketing and Dissemination, World Health Organization, 
1211 Geneva 27, Switzerland.

At its meeting in October 2007, the Expert Committee made the 
following changes to the previous list.

These substances are held and distributed by the International Laboratory 
for Biological Standards, National Institute for Biological Standards and Control, 
Potters Bar, Herts., EN6 3QG, England.

Additions

Preparation Activity Status

Antigens and related substances

Tetanus toxoid 690 Lf per ampoule Second International 
Standard

Diphtheria toxoid 1100 Lf per ampoule Second International 
Standard

Anti-human papillomavirus, 
type 16, serum

5 units per ampoule Reference Reagent

Antibiotics

Amphotericin B 944 IU per mg Second International 
Standard 

Nystatin 5710 IU per mg Third International Standard

Blood products and related substances

Protein C, concentrate 14.5 IU per ampoule for 
antigen and 15.0 IU per 
ampoule for functional 
chromogenic activity

First International Standard

continues
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Preparation Activity Status

Blood products and related substances  (continued)

Heparin, low molecular 
weight (calibrant for 
molecular weight 
distribution)

No assigned value Second International 
Standard

Anti-thrombin, concentrate, 
human

4.4 IU per ampoule 
functional activity and 4.5 IU 
per ampoule antigenic value

Third International Standard

Anti-human platelet 
antigen-1a (minimum 
potency)

No assigned activity; 
however a 1 in 2 dilution 
should define the  minimum 
potency specification for 
anti-HPA-1a detection

First International Standard

Tissue plasminogen activator 
antigen in plasma

25 ng per ml First International Standard

Cytokines, growth factors and endocrinological substances

Parathyroid hormone 1–34, 
recombinant, human

0.89 mg per ampoule First International Standard

Tumour necrosis factor-
related apoptosis-inducing 
ligand

10,000 U per ampoule Reference reagent

Diagnostic reagents

Anti-syphilitic plasma IgG 
and IgM (human)

3 IU per ampoule First International Standard

Anti-syphilitic plasma IgG 
(human)

300 mIU per ampoule First International Standard

Hepatitis C virus RNA, for 
nucleic acid amplification 
technology-based assays

4.89 log10 IU  per ampoule Third International Standard
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Annex 5

Recommendations, guidelines and other documents 
for biological substances used in medicine
The recommendations (previously called requirements) and guidelines published 
by the World Health Organization are scientific and advisory in nature but may 
be adopted by a national regulatory authority as national requirements or used as 
the basis of such requirements.

These international recommendations are intended to provide guidance 
to those responsible for the production of biologicals as well as to others who 
may have to decide upon appropriate methods of assay and control to ensure that 
these products are safe, reliable and potent.

Recommendations concerned with biological substances used in 
medicine are formulated by international groups of experts and are published in 
the Technical Report Series of the World Health Organization1 as listed here. 
A historical list of requirements and other sets of recommendations is available 
on request from the World Health Organization, 1211 Geneva 27, Switzerland.

Reports of the Expert Committee on Biological Standardization published 
in the WHO Technical Report Series can be purchased from:

Marketing and Dissemination
World Health Organization
1211 Geneva 27
Switzerland
Telephone: + 41 22 79 12 476
Fax: +41 22 79 14 857
e-mail: publications@who.int

Individual recommendations and guidelines may be obtained free of 
charge as offprints by writing to:

Quality Standards and Safety 
Department of Immunization, Vaccines and Biologicals
World Health Organization
1211 Geneva 27
Switzerland

1 Abbreviated in the following pages as TRS.
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Recommendations, Guidelines and other documents

Recommendations, Guidelines and other 
documents

Reference

Acellular pertussis component of monovalent or 
combined vaccines

Adopted 1996, TRS 878 (1998)

Animal cells, use of, as in vitro substrates for the 
production of biologicals

Revised 1996, TRS 878 (1998); 
Addendum 2003, TRS 927 (2005)

Biological standardization and control: a scientific 
review commissioned by the UK National Biological 
Standards Board (1997)

Unpublished document WHO/
BLG/97.1

Biological substances: international standards and 
reference reagents, guidelines for the preparation, 
characterization and establishment

Revised 2004, TRS 932 (2006)

BCG vaccine, dried Revised 1985, TRS 745 (1987); 
Amendment 1987, TRS 771 (1988)

Biological products prepared by recombinant DNA 
technology

Adopted 1990, TRS 814 (1991)

Blood, blood components and plasma derivatives:  
collection, processing and quality control

Revised 1992, TRS 840 (1994)

Blood plasma for fractionation (human) Adopted 2005, TRS 941 (2007)

Blood plasma products, human: viral inactivation and 
removal procedures

Adopted 2001, TRS 924 (2004)

Cholera vaccine (inactivated, oral) Adopted 2001, TRS 924 (2004)

Dengue virus vaccine (tetravalent, live) Adopted 2004, TRS 932 (2006)

Diphtheria, tetanus, pertussis and combined 
vaccines

Revised 1989, TRS 800 (1990); 
Addendum 2003, TRS 927 (2005); 
Addendum 2005, TRS 941 (2007)

DNA vaccines assuring quality and nonclinical safety Revised 2005, TRS 941 (2007)

Good manufacturing practices for biological products Adopted 1991, TRS 822 (1992)

Haemophilus influenzae type b conjugate vaccines Revised 1998, TRS 897 (2000)

Haemorrhagic fever with renal syndrome (HFRS) 
vaccine (inactivated)

Adopted 1993, TRS 848 (1994)

Hepatitis A vaccine (inactivated) Adopted 1994, TRS 858 (1995)

Hepatitis B vaccine prepared from plasma Revised 1987, TRS 771 (1988)

Hepatitis B vaccines made by recombinant DNA 
techniques

Adopted 1988, TRS 786 (1989); 
Amendment 1997, TRS 889 (1999)
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Recommendations, Guidelines and other 
documents

Reference

Human interferons prepared from lymphoblastoid 
cells

Adopted 1988, TRS 786 (1989)

Influenza vaccine (inactivated) Revised 2003, TRS 927 (2005)

Influenza vaccine (live) Adopted 1978, TRS 638 (1979)

Influenza, biosafety risk assessment and safe 
production and control  for  (human) pandemic 
vaccines

Adopted 2005, TRS 941 (2007)

Influenza vaccines, human, pandemic, regulatory 
preparedeness

Adopted 2007, TRS 963 (2011)

Japanese encephalitis vaccine (inactivated) for 
human use

Revised 2007, TRS  963 (2011)

Japanese encephalitis vaccine (live) for human use Adopted 2000, TRS 910 (2002)

Louse-borne human typhus vaccine (live) Adopted 1982, TRS 687 (1983)

Measles, mumps and rubella vaccines and 
combined vaccine (live)

Adopted 1992, TRS 848 (1994);  
Note TRS 848 (1994)

Meningococcal polysaccharide vaccine Adopted 1975, TRS 594 (1976); 
Addendum 1980, TRS 658 (1981); 
Amendment 1999, TRS 904 (2002)

Meningococcal A conjugate vaccines Adopted 2006, TRS 962 (2011)

Meningococcal C conjugate vaccines Adopted 2001, TRS 924 (2004); 
Addendum (revised) 2007, TRS 963 
(2011)

Monoclonal antibodies Adopted 1991, TRS 822 (1992)

Papillomavirus vaccine, human Adopted 2006, TRS 962 (2011)

Pertussis whole-cell vaccine Revised 2005, TRS 941 (2007)

Pneumococcal conjugate vaccines Adopted 2003, TRS 927 (2005)

Poliomyelitis vaccine (inactivated) Revised 2000, TRS 910 (2002); 
Amendment 2003, TRS 926 (2004)

Poliomyelitis vaccine (inactivated): guidelines for the 
safe production and quality control of inactivated 
poliovirus manufactured from wild polioviruses

Adopted 2003, TRS 926 (2004)

Poliomyelitis vaccine, oral Revised 1999,  TRS 904 (2002); 
Addendum 2000, TRS 910 (2002)
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Recommendations, Guidelines and other 
documents

Reference

Quality assurance for biological products, guidelines 
for national authorities

Adopted 1991, TRS 822 (1992)

Rabies vaccine for human use (inactivated) produced 
in cell substrates and embryonated eggs

Revised 2005, TRS 941 (2007)

Regulation and licensing of biological products 
in countries with newly developing regulatory 
authorities

Adopted 1994, TRS 858 (1995)

Rotavirus vaccine (live attenuated), oral Adopted 2005, TRS 941 (2007)

Smallpox vaccine Revised 2003, TRS 926 (2004)

Sterility of biological substances Revised 1973, TRS 530 (1973); 
Amendment 1995, TRS 872 (1998)

Synthetic peptide vaccines Adopted 1997, TRS 889 (1999)

Thiomersal for vaccines: regulatory expectations  
for elimination, reduction or removal

Adopted 2003, TRS 926 (2004)

Thromboplastins and plasma used to control oral 
anticoagulant therapy 

Revised 1997, TRS 889 (1999)

Tick-borne encephalitis vaccine (inactivated) Adopted 1997, TRS 889 (1999)

Transmissible spongiform encephalopathies in 
relation to biological and pharmaceutical products, 
guidelines

Revised 2005, WHO (2006)  
http://www.who.in/bloodproducts/
TSE/en

Tuberculins Revised 1985, TRS 745 (1987)

Typhoid vaccine Adopted 1966, TRS 361 (1967)

Typhoid vaccine, Vi polysaccharide Adopted 1992, TRS 840 (1994)

Vaccines, clinical evaluation: regulatory 
expectations

Adopted 2001, TRS 924 (2004)

Vaccines, nonclinical evaluation Adopted 2003, TRS 926 (2004)

Vaccines, stability evaluation Adopted 2006, TRS 962 (2011)

Varicella vaccine (live) Revised 1993, TRS 848 (1994)

Yellow fever vaccine Revised 1995, TRS 872 (1998)

Yellow fever vaccine, laboratories approved by 
WHO for the production of

Revised 1995, TRS 872 (1998)

Yellow fever virus, production and testing of WHO 
primary seed lot 213-77 and reference batch 168-73

TRS 745 (1987)

WHO_TRS_963.indb   244 11/8/11   11:26 AM




