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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 human papillomavirus vaccines; meningococcal A 
conjugate vaccines; and stability evaluation of 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 23 to 27 October 2006. The meeting was jointly opened by Dr J.M. Okwo-
bele, Director, Department of Immunization, Vaccines and Biologicals, and Dr 
H. Hogerzeil, Director, Department of Policy and Standards for Medicines, on 
behalf of the Director-General. 

Dr Okwo-bele noted that the Expert Committee on Biological 
Standardization is one of the longest-standing of all WHO committees, having 
first met in 1947, and assists the Organization to fulfil one of its constitutional 
responsibilities – “to develop, establish and promote international standards for 
biological products”. To this end, the Committee advises the Organization on key 
international developments affecting the quality, safety and efficacy of vaccines, 
biological therapeutics, blood products and biological diagnostics. 

Dr Okwo-bele stressed the global context of the work of the Expert 
Committee on Biological Standardization. Biological medical products and 
technologies save lives, reduce suffering and improve health – but only if they 
are of good quality, safe, effective, available, affordable, acceptable and properly 
used. In many countries not all these conditions are met. This may be the result of 
a lack of awareness of the potential benefits in medical outcomes and economic 
savings, of a lack of political will and public investment in the necessary regulatory 
systems, of commercial and political pressures, including donor pressures, and of 
fragmented financing and supply strategies. Without high-level political support 
and additional investment to assure quality, both in WHO and in national health 
budgets, the huge potential of biological medical products and technologies will 
remain untapped, and unnecessary disease, disability, death and economic waste 
will continue.

Since the Committee last met, WHO has embarked on the development 
of a Medium-Term Strategic Plan (MTSP) (2008–2013). This is intended to 
provide strategic direction for the Organization for a six-year period, advancing 
the global health agenda and addressing priorities established in the proposed 
Eleventh Global Programme of Work. The MTSP establishes a framework to 
guide preparation of the Programme budget and operational plans. It is organized 
around 16 cross-cutting objectives intended to provide a more strategic and 
flexible programme structure that better reflects the needs of countries and 
regions. It is also intended to facilitate more effective collaboration across all 
levels of the Organization. Setting norms and standards and promoting their 
implementation are affirmed as WHO core activities for the period 2008–2013. 
Ensuring improved access to, and quality and use of, medical products and 
technologies is one of the 16 strategic objectives selected to guide the work of 
the Organization for this period. Developing evidence-based international 
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norms and standards, through rigorous, transparent, inclusive and authoritative 
processes, is an essential component of this objective.

Dr Hogerzeil informed the Committee that, since they had last met, the 
Organization had completed its strategic direction and competency review of all 
technical units at WHO headquarters, including those that support the work of 
the Expert Committee on Biological Standardization. The work of the Committee 
will continue to be supported by two units, Quality, Safety and Standards (QSS/
IVB) and Quality and Safety of Plasma Derivatives and other Related Substances 
(QSD/PSM). The work plans of the two units have been developed in accordance 
with the recommendation of the previous Expert Committee meeting that  
biological standardization activities at WHO be highly integrated, regardless of 
the organizational location of the unit(s) undertaking the activities.

WHO_TRS_962.indb   2 11/8/11   1:10 PM
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General

Developments in biological standardization
WHO programmatic issues
Global developments that influence WHO’s approach to biological medicines 
were outlined; the strategic approaches for biological medicines to meet global 
challenges were elaborated, together with the policy developments at WHO that 
have influenced biological medicines. 

WHO is expected by its Member States to be a driving force and a 
key reference point in biological standardization issues. The Organization 
is constitutionally mandated by its Member States to develop, establish and 
promote international standards for biological products. 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. Vaccines, blood 
products, biological therapeutics and selected in vitro diagnostics are included by 
WHO in this category of product. 

WHO provides two types of biological standards. The first are written 
standards, published in the WHO Technical Report Series (TRS). The second 
are measurement standards, provided in the form of reference preparations 
to be used as calibrants in defining an international unit of biological activity. 
Both types of standard are developed on the basis of the best available 
scientific evidence.

WHO written standards function as a tool for international 
harmonization, guiding national pharmacopoeial and regulatory requirements 
and manufacturers’ procedures. In addition, the Technical Report Series serves 
as the basis for technical specifications for the pre-qualification of vaccines 
intended for procurement by the United Nations. Globally, more than 50% of 
childhood vaccine demand is met through United Nations agencies. It is WHO’s 
objective to ensure that vaccine quality is guaranteed by the national regulatory 
authority (NRA) of the producing country, which means that the NRA must have 
independent decision-making capability and must meet six regulatory functions 
defined by WHO. 

WHO global measurement standards (termed International Standards 
or Reference Reagents) are used to calibrate secondary (regional or national) 
reference standards, which are in turn used by regulators and manufacturers 
to define dosages of biological medicines or patients’ responses to a 
biological product.

The Committee was informed of two significant developments – 
the health-related Millennium Development Goals and new global funding 
mechanisms for medical products and health technologies of assured quality. 

WHO_TRS_962.indb   3 11/8/11   1:10 PM
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International market forces do not favour the development of new products for 
the diseases of poverty, and international trade agreements may set the price 
of future biological medicines beyond the reach of the people who most need 
them. At present, the price of a vaccine is high when it is first launched and 
gradually reduces over time. This system means that vaccines may remain too 
costly for the majority of developing countries where they are most needed. A 
new financing mechanism – the Advanced Market Commitment (AMC) – was 
described, which had been recently launched as an incentive for manufacturers 
to provide vaccines more rapidly to poorer countries at affordable prices. 
Eligibility to access this funding was expected to require that products be WHO 
pre-qualified; this may have implications for the Committee, since it may be 
necessary to update or develop new written standards and reference preparations 
to meet these expectations.

Medical products and technologies reduce suffering and save human 
lives only if they are of good quality, safe and effective, affordable, acceptable 
and properly used. Regulators have an important role to play in enabling access 
to products, and long-term development of comprehensive national systems for 
regulation of biological medical products and technologies is needed. Without 
high-level political support and additional investment, both in WHO and in 
national health budgets, the huge potential of biological medical products and 
technology will remain untapped and the consequences will be unnecessary 
disease and death. Some global funding programmes do not fully recognize the 
need for national capacity-building programmes in regulation, quality assurance, 
procurement and supply management, and pharmacovigilance: strengthening of 
these areas is vital to ensure the best use of new sources of funds. 

As defined by the new Medium-Term Strategic Plan, quality of products 
is now a high-level strategic objective for both WHO and its Member States. 
The Expert Committee on Biological Standardization, and supporting Expert 
Panels, is responsible for developing policy guidance, nomenclature and 
reference materials to contribute to this strategic objective. Efforts are under way 
to integrate standards-setting with capacity-building in regulatory authorities, 
promote regulatory research, develop regulatory networks, and foster better 
links with other WHO Advisory Groups. With regard to ongoing and new 
developments, WHO is seeking to strengthen its Expert Advisory Panel on 
Biological Standardization, develop comprehensive guidance on overall regulatory 
preparedness, and  promote networking of WHO laboratories working with the 
biological standards programme. Regular meetings are being held with WHO 
Collaborating Centres for biological standardization to determine priorities for 
new and replacement reference preparations, and plans are being developed 
for improving the dissemination of knowledge from the Expert Committee on 
Biological Standardization.

WHO_TRS_962.indb   4 11/8/11   1:10 PM
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Another important area of development, made possible by rapid 
advances in technology, is the physicochemical characterization of biological 
reference preparations in place of biological characterization. For the majority 
of antibiotic preparations, this switch to physicochemical characterization has 
already taken place. With new biological reference preparations on the threshold 
of transition, there is a need to formulate policy for this transition and to evaluate 
fully the implications of such a policy shift. Through its collaborating centres for 
both biological and chemical preparations, WHO plans to develop a draft policy 
that will be subject to consultation among stakeholders and then, after review 
by both the Expert Committee for Biological Standardization and the Expert 
Committee on Specifications for Pharmaceutical Preparations, be submitted for 
endorsement.

Vaccines and biological therapeutics
A number of issues concerning vaccines and cell regulators were discussed. The 
Committee was presented with future plans regarding consultations, collaborative 
studies and laboratory testing for various vaccines and cell substrates. Selected 
projects in the pipeline were described, including: a manual to provide guidance 
for development of reference preparations; development of regional reference 
preparations (for example whole-cell pertussis and inactivated Japanese 
encephalitis vaccine in the south-east Asia region); and an update of WHO 
manuals on production and testing of vaccines, with the diphtheria/tetatnus/
pertussis group of vaccines as first priority. Work on the development of a new 
production and testing manual for combined vaccines would follow.

Requests for guidance documents come from a variety of sources, each 
with different priorities. For example: developing country NRAs are interested 
in written standards for HIV and malaria vaccines; other NRAs have requested 
documents on adventitious agents and the use of control cells to monitor 
production of virus vaccines; and some stakeholders have requested written 
guidelines for new conjugate typhoid vaccines, new protein-based pneumococcal 
vaccines and new combined vaccines. It was emphasized that development of 
written standards may frequently involve more than 300 scientists drawn from 
collaborating laboratories, regulators, manufacturers and academia. It is not 
possible to meet all the demands for new guidelines, and help in deciding priorities 
comes from continuous interaction with other advisory groups of WHO such as 
the Immunization Department’s Strategic Advisory Group of Experts.

Finally it was noted that better use of existing networks – such as the 
International Conference of Drug Regulatory Authorities, the Developing 
Country Vaccine  Regulators Network, the African Vaccine Regulators Forum, 
and the Global Forum for Vaccine Research – is required to further promote the 
use of WHO standards and raise awareness of available International Standards.
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Blood products and related in vitro diagnostics
It was emphasized that the QSD unit is responsible for blood products and in 
vitro diagnostics (IVDs). The functions and goals of the unit are to promote 
consistent quality through the application of Good Manufacturing Practices 
(GMP); through development of guidelines for production, control and 
regulation of blood products and in-vitro diagnostics, particularly for emerging 
blood-borne infectious agents; and through development of WHO international 
reference materials. The Committee endorsed a proposed WHO strategy that 
encompassed:  establishing norms and standards; responding to global safety 
issues; and facilitating a consultative process among regulators, national blood 
authorities, professional organizations, manufacturers’ associations and the 
Expert Panel for Biological Standardization to extend the appropriate regulatory 
oversight of blood products and related IVDs.

The Committee was informed that the Twelfth International 
Conference of Drug Regulatory Authorities (ICDRA) had been held. One of 
the recommendations to emerge from the Conference was that countries should 
have effective legal provisions to strengthen the regulation of blood/blood 
products and to enforce and implement GMP in blood/plasma establishments, 
and that there should be cooperative interaction among regulatory authorities 
to establish effective pharmacovigilance systems for blood products. The ICDRA 
also recommended the further development of WHO reference materials for 
control of blood donor screening tests and risk-based regulatory strategies for 
blood products. A WHO Blood Regulators Network, which reports to the Expert 
Committee on Biological Standardization, had also been established; its first 
chair was the Paul Ehrlich Institute and its first meeting was held on 25 October 
2006 during the ICDRA. The two-year Work Plan (2007–2008) developed by the 
Network was presented to the Committee and agreed.

The Committee agreed with plans from WHO concerning ongoing/new 
activities to develop written guidelines; these included guidelines  for production, 
control and regulation of animal-derived sera (new), control of thromboplastins 
and anticoagulant therapy (update), and WHO requirements for blood, blood 
components and plasma derivatives (update). For coordination of reference 
preparation activities, a meeting of the WHO Collaborating Centres, planned 
for early 2007, would identify priority projects specifically for IVD reference 
preparations. It was intended to develop a plan for the coming five years and to 
explore resource mobilization for this area of work. 

The commitment of WHO senior management to strengthening work 
on norms, standards and regulatory systems for blood products and related 
biologicals, including IVDs, was highlighted; however, this work is severely 
under-funded at present and immediate and long-term funding opportunities 
need to be identified. Assistance from in-country development agencies, as well 
as from potential donors, would be much appreciated.
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Reports from WHO International Laboratories and WHO Collaborating Centres
WHO Laboratory for Biological Standards, National Institute for Biological Standards 
and Control, Potters Bar, England

Although the way in which the National Institute for Biological Standards and 
Control (NIBSC) is managed by the United Kingdom Department of Health 
will change significantly in April 2008, when NIBSC becomes part of the Health 
Protection Agency (HPA), this is unlikely to affect the direction and work 
programme of NIBSC. It is intended that NIBSC maintain a full spectrum of 
activities across all biological medicines, and not work on vaccines alone. The 
Committee provided strong support for NIBSC remaining fully engaged with all 
types of biological medicines.

The Committee were provided with an update on the contribution of 
NIBSC to the WHO biological standardization programme. The period 2005/2006 
saw a 6% reduction in ampoules filled compared with  2004/2005; however, there 
was a 4% increase in the number of fills compared with same period. Trends over 
a six-year period are shown in Figure 1.
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Figure 1
Number of ampoules and vials � lled per year (April to March)

Source: National Institute for Biological Standards and Control (NIBSC).
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During the period April 2005 to March 2006, WHO standards distributed 
totalled 30 000 ampoules, and there was a substantial increase in the demand for 
influenza standards. Currently, there are 86 active WHO standards development 
projects; the 13 new proposals for 2006/2007 comprise six haematological projects, 
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five viral vaccines, and one project each for bacterial vaccines and hormones. 
At the annual NIBSC standards review meeting, held on 24–25 April 2006, all 
ongoing projects were reviewed with the participation of the WHO Secretariat; 
a WHO focal point had been identified for each project. The next meeting is 
proposed for early March 2007. Overall, NIBSC considered that interaction and 
networking between WHO biological standards laboratories has improved. 

The implications of the ISO34 standard for reference material preparation 
for biological standards following WHO principles were reviewed. It was reported 
that the NIBSC  quality assurance framework for standards development is to 
take account of ISO34 principles as appropriate and as far as possible.

A biological standardization training course has been developed and is to 
be conducted over three days in September 2007. It will provide an overview of 
the development of biological and other reference standards, including sourcing, 
calibration, process development, design validation and operation of filling 
facilities, and design and analysis of collaborative studies (including stability 
studies). A manual on biological standardization is in preparation.

NIBSC houses the United Kingdom stem cell bank and has already 
accessioned 40 cell lines, 24 of which have been successfully banked. The first six 
embryonic cell lines were released to the scientific community in September 2006. 
Further funding by the Medical Research Council for a facility with expanded 
capacity has already been  agreed.

The risks to global biological standardization if NIBSC were to suffer a 
catastrophic loss of stocks were stressed, and it was reported that off-site storage 
of a limited number of important reference materials has already been undertaken 
as part of a risk mitigation strategy.

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

The vision of the Center for Biologics Evaluation and Research (CBER) is 
to facilitate the development and approval of, and access to, safe and effective 
products and promising new technologies with the aim of protecting and 
improving public and individual health in the USA and, where feasible, globally. 
The agency is particularly focused on critical products for public health, national 
preparedness and twenty-first century medicine. To meet the challenges of 
emerging threats and novel therapies, the agency is working to develop needed 
pathways and regulatory processes to speed product availability while at the same 
time ensuring safety and public confidence. CBER thinks and works globally: its 
preparations for pandemic influenza were a case in point.

A presentation of CBER strategic initiatives and activities dealt in 
particular with the Product Testing and Quality Group, a CBER Research 
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Management Initiative, and enhanced support and management of global 
engagement, with WHO as a priority. In terms of product testing and quality, 
CBER’s vision is to achieve the highest quality environment and outcomes for 
focused testing, assays and standards. Moreover, CBER aims to move beyond 
final product testing to consider the complete “critical path” – methods, assays, 
models, markers and standards that facilitate development and manufacturing, 
with a focus on unmet public health needs and new technologies.

In terms of product quality, CBER is working towards ISO compliance 
and accreditation for its testing, with influenza vaccine activities and related 
surge capacity as a priority. The agency is also developing strategic collaborative 
research and development activities, including evaluation of new methods and 
technologies and their application in improving the development, characterization 
(safety, efficacy, quality. manufacturing) and availability of high-priority CBER-
regulated products. The goals of the CBER Research Management Initiative 
are first to enhance programme impacts on regulatory needs and challenges, 
and second to put in place a transparent and managed approach to developing 
and implementing priorities. In the context of the latter goal, CBER welcomes 
strategic, coordinated discussion of, and approaches to, development and use of 
WHO standards. Public health needs should drive standards priorities, and the 
best science should underpin standards and testing activities.

WHO Collaborating Centre for Quality Assurance of Blood Products and In Vitro 
Diagnostic Devices, Paul Ehrlich Institute, Langen, Germany

The Committee was informed about the duties, guiding principles and 
organigram of the Paul Ehrlich Institute and its various units involved in the 
work of the WHO Collaborating Centre, which was approved by WHO on 6 
June 2005. The activities of the Institute include regulation and quality assurance 
of blood products and of in vitro diagnostic devices. The  contribution of the 
Paul Ehrlich Institute to the development of WHO’s strategy for safe blood- and 
plasma-derived medicinal products was elaborated. The Institute trains inspectors 
who accredit establishments involved in the collection of blood and plasma; it 
also accredits manufacturers of blood products in GMP at a regional level, and 
participates in workshops regarding blood transfusion issues, licensing and batch 
release of biological medicinal products. The Institute offers training courses for 
assessors working in regulatory authorities on the quality of blood products and 
in vitro diagnostic devices. For blood products, training topics include bacterial 
and viral safety; pyrogen testing; evaluation of immunoglobulins, immunosera 
and monoclonal antibodies; and evaluation of coagulation factors, albumin and 
other blood products.

In the field of in vitro diagnostic devices, the work of the Paul Ehrlich 
Institute includes batch control of serological and nucleic acid amplification tests 
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and their regulatory oversight (evaluation of dossiers, inspection of manufacturing 
sites and ongoing regulatory oversight of tests during use in the field). 

The Institute is also working on a project to establish a WHO International 
Standard Panel for Hepatitis B Virus (HBV) geno- and subtypes from a pool of 
samples collected from different region of the world. Thus far, however, it has 
been unsuccessful in sourcing genotypes E (Africa) and F (South America), and 
help was requested to identify reliable sources of such material.

The Institute has contributed to the design and organization of laboratory 
studies and standardization exercises for a proposed WHO International Standard 
for anti-hepatitis B core antigen (HBc) and further collaborative studies are in 
progress. Paul Ehrlich Institute Bacteria Standards for validation of methods for 
bacteria screening and pathogen inactivation in blood components have also 
been developed. 

The Institute is also active in the development of guidelines and 
recommendations for the quality assurance of  in vitro diagnostic devices. It 
contributes to the human and financial resources available to WHO through, for 
example, secondment of a staff member to WHO, waiving fees for courses, and 
covering its own expenses for the majority of WHO activities.

Finally, the Committee was informed of various biological reference 
materials developed at the Paul Ehrlich Institute. The Committee recommended 
that WHO review the suitability of these reference materials as potential WHO 
International Standards.

WHO Collaborating Centre for Research and Reference Services for Immunological 
and Biological Products, National Institute of Infectious Diseases, Tokyo, Japan

The Committee was given an update on the activities of the WHO Collaborating 
Centre and information on the application of laser light-scattering equipment 
to toxoid flocculation assays. It was emphasized that the current flocculation 
tests require visual observation of the flocculation reactions and thus provide 
limited and subjective information. Use of a light-scattering aggregometer, it was 
suggested, would allow for quantitative analysis of antigen–antibody complex 
floccules, based on the optical detection of the particles by measurement of particle 
sizes and numbers. Research studies conducted by the WHO Collaborating 
Center indicate that there is agreement between the traditional visual and the 
new quantitative methods and suggest the potential of the light-scattering 
particle aggregometer for routine use in determining toxoid antigen content. This 
method could be advantageous in terms of reproducibility, quantification and 
savings in time and materials.

The Committee advised that consideration be given to inclusion of the 
new automated method for flocculation assays developed by the Institute in 
ongoing WHO collaborative studies to assess new flocculation standards.
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Coordination with other standards-setting bodies for biological 
reference preparations: reports from international groups
European Department for the Quality of Medicines, Strasbourg, France
The Committee was informed of the main areas of collaboration between the 
European Department for the Quality of Medicines (EDQM) and WHO, which 
are: to support translation of WHO global standards into regional standards 
via the European Pharmacopoeia; the European biological standardization 
programme (BSP); and custodianship of WHO International Standards 
for Antibiotics.

The goals of the BSP are to establish  reference preparations that can be 
used by the European Pharmacopoeia as working standards; the standardization 
of methods; and application of the “3R” concept (refine, reduce, replace use of 
animals) in pharmaceutical quality control. The BSP steering committee has 11 
members and observers, including WHO. Its responsibilities include provision 
of scientific advice, approval of the work programme, evaluation of new projects, 
and review of completed project reports. Final reports of all studies are published 
in the journal PharmEuropa.

So far, 53 BSP projects have been completed, 26 are under way and 10 
are in the preparatory stage. Human vaccines make up the largest group (34) 
of products, followed by blood products (24), biotechnology products (10), 
veterinary vaccines (10) and Mycoplasma (1). The last of these is a project to 
establish reference preparations; the first European Pharmacopoeia Standards of 
Mycoplasma Reference Strains, established in 2006, are Acholeplasma laidlawii, 
Mycoplasma orale, M. hyorhinis, M. fermentans and M. synoviae.

Other BSP projects that were highlighted include a study to evaluate 
diphtheria vaccine serological assays to replace the direct challenge assay, and 
evaluation of a protocol to allow serology for diphtheria, tetanus and acellular 
pertussis (DTaP) to be performed in the same animals, rather than combined 
DTaP vaccines having to be tested in three separate groups of animals. 

A number of future projects, in which a WHO primary reference 
preparation and a European Pharmacopoeia secondary standard are evaluated 
in the same collaborative study, were presented to the Committee. These 
included replacement of reference preparations for low-molecular-weight 
heparin, diphtheria vaccine, and human coagulation factor IX. Proposed 
new reference preparations for detection of anti-A and anti-B antibodies in 
intravenous immunoglobulin were also discussed and would be the focus of 
a joint project between WHO, EDQM and CBER. The Committee agreed that 
such joint calibration exercises were of considerable benefit and endorsed 
the proposal.
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International Society on Thrombosis & Haemostasis (ISTH), Carrboro, NC, USA
The Committee was informed of the activities of the WHO–ISTH Liaison 
Group which last met in Oslo, Norway, on 28 June 2006. The Group had 
discussed custodianship of the WHO thromboplastin reference materials, and 
were informed that these are to be transferred from the Sanquin Foundation in 
Amsterdam, the Netherlands, to NIBSC in the United Kingdom. The Group had 
requested that the WHO guidelines for thromboplastins be revised. With regard 
to bovine thromboplastin reference materials, the Group had been informed 
that consideration of replacement preparations would need to take account of 
the recent WHO guidelines on tissue infectivity distribution in transmissible 
spongiform encephalopathies. The Group had also discussed fibrinolysis 
biological standardization methods. In this context, the importance of the 
third WHO International Standard for Streptokinase for the quality control of 
streptokinase pharmaceutical preparations at global level had been presented to 
the Group. The results of the study that were presented have an impact on public 
health, and ISTH agreed to publish a detailed report on its web site and a shorter 
version in its Journal of Thrombosis and Haemostasis. The success of the Factor V 
Leiden genetic reference materials had been noted and the Group had considered 
the possibility of further reference materials for molecular genetic testing being 
produced; it was agreed that further views on public health relevance are needed 
if progress is to be made with the development of WHO International Standards 
in this field.

Stability of WHO biological reference preparations: report of a WHO 
Working Group
At the fifty-fifth meeting of the Expert Committee on Biological Standardization, 
the need for continued scientific and capacity-building work on biological 
standards in a number of areas had been observed. The Committee had 
recommended that WHO develop capacity at country level for (a) predicting 
and monitoring the stability of biologicals, and (b) calibration procedures for 
secondary standards. At this fifty-seventh meeting, the Committee was given 
details of the activities of a Working Group on the stability of WHO reference 
materials for biological medicines and in vitro diagnostics. The Working Group, 
which met in November 2005, was formed to meet, in part, the needs identified 
at the fifty-fifth meeting. It comprised scientists from WHO Collaborating 
Centres, the new network of  national control laboratories in WHO’s South-
East Asia Region, industry representatives (International Federation of 
Pharmaceutical Manufacturers & Associations, Plasma Protein Therapeutics 
Association, European Diagnostic Manufacturers Association) and other 
standards-setting organizations (EDQM, Institute for Reference Materials and 
Measurements, ISTH).
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The predicted stability of a proposed WHO reference preparation is an 
important characteristic and should be determined with respect to the proposed 
storage temperature and the shipping conditions for the preparation and, for 
lyophilized reference preparations, after reconstitution. Selection of suitable 
analytical methods for stability studies and monitoring depends on the nature 
and intended use of the reference preparation; the choice of method is critically 
examined by the Committee when a proposal to establish a reference preparation 
is evaluated. The predicted percentage loss in potency per year, frequently 
obtained from the Arrhenius equation, is a key indicator for the stability of a 
candidate WHO reference preparation.

The Committee was reminded that, in the case of WHO reference 
preparations, no expiry date is assigned. Long-term stability is predicted on the 
basis of accelerated degradation test data; in some circumstances, further study/
monitoring on a case-by-case basis may be recommended.

The Working Group affirmed that many biological products follow 
Arrhenius-type behaviour over a range of temperatures. This means that  a well-
designed accelerated degradation study will allow the expected loss of potency 
during the life-cycle of a reference preparation to be predicted. For some reference 
preparations, accelerated degradation studies need to be supplemented by real-
time stability studies. In both instances, the design of the study and the assay 
methods to be used are critical issues.

The Working Group recommended that stability study results and related 
information should be available in the instruction leaflet that is prepared for 
all WHO reference preparations. The Group also recommended that any new 
stability data from ongoing studies should, as a minimum, be made available on 
the WHO web site and that there should be regular feedback from users on the 
behaviour of WHO reference preparations. The Working Group also considered 
that a guidance document on procedures for evaluating and monitoring 
biological reference materials, including typical designs for thermally accelerated 
degradation studies, would be a valuable capacity-building tool.

The Committee was informed  that the Working Group would be 
reconvened in November 2006 to review further scientific and technical 
approaches for predicting and monitoring the stability of biological reference 
preparations and to initiate development of guidance on the design and analysis 
of stability studies for reference materials.

The Committee agreed that detailed guidance on stability studies for 
reference materials should be developed to supplement the existing WHO 
specifications on reference preparations (WHO Technical Report Series, No. 932, 
2005). The Committee also requested that the Working Group identify research 
priorities in the area of stability evaluation for biological reference materials.
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Improving access to WHO biological standards: report from WHO 
Regional Office for South-East Asia
A report was presented to the Committee on behalf of the WHO Regional Office 
for South-East Asia (SEARO). National control laboratories (NCLs) in some 
developing countries experience constraints regarding global measurement 
standards. These constraints may be the result of global measurement standards 
being supplied – in accordance with global policy – in limited numbers, or in 
some cases, for vaccines/biologicals that are regionally specific and not global 
priorities, being unavailable. NCLs may also experience certain constraints in 
preparing national working reference preparations (WRPs). In some countries, 
only a limited number of testing laboratories are able to conduct the collaborative 
study necessary to calibrate WRPs, and there may be limited ability to produce 
batches of vaccines/biologicals for use as WRPs. Finally the report noted a 
lack of experience and knowledge of the preparation of WRPs (for example, 
by lyophilization techniques) and of their subsequent calibration (for example, 
design and analysis of collaborative and stability studies and subsequent quality 
monitoring of WRPs). In 2004, with support from WHO, SEARO established an 
NCL network for preparation of regional working reference material in order 
to improve access to WHO biological standards. This initiative is expected to 
solve the region’s specific problems, enhance the capacity of NCLs in developing 
countries, stimulate cooperation among members of the network,  and achieve 
cost benefits for the participants.

The network members are the NCLs in India, Indonesia and Thailand. 
At the first meeting, held in Bangkok, Thailand, on 3–5 November 2004, it was 
recommended that a feasibility assessment of the capacity of the network NCLs 
be undertaken by a WHO expert. A model for preparing regional WRPs would be 
proposed on the basis of the results. In addition, it was proposed that a regional 
meeting be organized at least once a year, and WHO was asked to identify 
potential funding to support this meeting. In the long term, based on experience 
from EDQM, establishment of a steering committee should be considered.

The two vaccines identified as the initial candidate regional WRPs were 
whole-cell pertussis vaccine and inactivated Japanese encephalitis vaccine. 
India’s Central Drug Laboratory and Thailand’s Division of Biological Products, 
respectively, were designated as the focal points for these projects. For the 
inactivated Japanese encephalitis vaccine regional WRP, selected NCLs from 
western Pacific countries such as China, Japan and the Republic of Korea might 
be invited to participate in the collaborative study.

The laboratories in the network considered that a “learning by doing” 
approach would be most appropriate but also requested technical support in the 
form of coaching by experienced laboratories or institutions. Moreover, WHO 
was asked to support the network by developing a set of advocacy materials 
dealing with the public health relevance of this network.
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The feasibility assessment by a WHO expert found that many of the 
products used in the national immunization programmes in India, Indonesia 
and Thailand, and the test methods used by the NCLs, were similar; providing 
reference standards on a regional basis would therefore avoid duplication and 
make more efficient use of existing limited resources. The assessment also found 
that all three laboratories had good quality systems in place, were well equipped, 
had appropriately qualified staff, adequate storage capacity and good stock control 
systems, and had programmes for preparing national reference standards for 
vaccines. However, it was noted that some aspects of the work already performed, 
such as stability studies and calibration, could be improved. It was proposed that 
accelerated degradation studies be carried out and information leaflets prepared 
for distribution with supplies of each reference material.

At a second meeting of the network, held in Kasauli, India, on 14–16 
November 2005, plans for preparing the regional WRPs for whole-cell pertussis 
vaccine and inactivated Japanese encephalitis vaccine were proposed by focal 
points from the NCL tasked with leading each project. The plans were reviewed 
and endorsed by the network laboratories; technical support was provided 
by the WHO Collaborating Centres at the National Institute of Infectious 
Diseases, Tokyo, Japan, and the National Institute for Biological Standards and 
Control, Potters Bar, England, as well as by WHO representatives. Plans were 
announced for a third meeting of the network in Jakarta, Indonesia, on 11–13 
December 2006.

Long-term sustainability of this activity will require it to be added as a 
budget line in national health plans. Moreover, members of the network should 
be given appropriate training through the WHO Global Training Network or 
through placement at a WHO Collaborating Centre (NIBSC in particular). 
This network may be a platform for other related activities such as feedback 
from the region on WHO guidelines/recommendations/manuals on biological 
standardization, and identification of regional centres of excellence in particular 
areas to support capacity-building of other NCLs in the region. The network 
should act as a forum for the exchange between NCLs of information and 
experience on vaccine quality assurance.

Development of assessment tools to monitor the implementation of 
international standards
Since the 1940s, WHO, via the Expert Committee on Biological Standardization, 
has established more than 60 written standards and more than 200 International 
Reference Preparations. The Expert Committee recently recommended that the 
impact of these WHO standards be assessed, and WHO is thus developing 
strategies for monitoring their implementation. The Committee was informed 
of the main objectives of this project, which are to establish a network to 
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monitor implementation of WHO standards (written and measurement) and 
to collect and analyse the feedback on these standards. Additional objectives 
are to identify the gaps and needs in WHO Member States and to consider 
how implementation of WHO standards may contribute to strengthening the 
regulatory capacity of NRAs.

An initial step was to identify focal points in countries and in each WHO 
regional office dealing with biological standardization issues. An action plan had 
been developed that proposed a survey focusing on standards relating to vaccines 
used within the Expanded Programme on Immunization (EPI). Countries eligible 
for participation in this activity would be either vaccine-producing or vaccine-
procuring countries with well-established NCLs and organizations responsible 
for reference preparations. To date, 30 countries had been identified, of which 8 
had yet to be confirmed.

Initially, the survey will focus on adoption of measles vaccine requirements 
and references; subsequently it will cover other EPI vaccines and then generic 
guidelines (nonclinical and clinical evaluation of vaccines, WHO GMP). 
Advocacy of WHO standards through existing networks (Developing Country 
Vaccine Manufacturers’ Network, Developing Country Vaccine Regulators 
Network, Global Training Network) and WHO meetings is also proposed.

The Committee endorsed this project and asked to be updated at intervals 
on progress.

International Nonproprietary Names for biotechnology products
An overview on International Nonproprietary Names (INN) for biological 
products was presented; it covered the role and status of the INN programme, 
an explanation of the various INN for biotechnological products, and the 
expectations of NRAs.

A guidance document is available for nomenclature of proteins, peptides 
and glycoproteins; there are also guidelines on use of INN for pharmaceutical 
substances and on INN definitions. The current nomenclature approach is based 
on a one-word name: a stem identifies a group and each word is in three parts – 
prefix, infix and suffix. Examples of the stems used for biological products are: for 
enzymes, -ase; for interleukins, -kin; and for growth hormones, -som. In some 
cases, however, a two-word name is used; the first word, constructed as described 
above, is qualified by a second that indicates either specific characteristics (e.g. the 
product is glycosylated or radio-labelled or conjugated) or the vector component 
of gene therapy products. Nomenclature of proteins is based on differences 
in biological property/group, which is indicated by the stem, e.g. epotein. 
Differences in amino acid sequence for different products within the same group 
are indicated by a randomly-generated prefix, e.g. darbepoetin. Differences in 
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glycosylation are indicated by a second word, taken from the Greek alphabet, e.g. 
alpha, beta, delta.

WHO policy on nomenclature and definition of INN for biotechnology 
products is science-based and is facing a particular challenge concerning the 
naming of copies of biological medicinal products (sometimes referred to as 
“biosimilars”). The outcome of a consultation between the WHO Expert Group 
on INN and representatives of the NRAs of Canada, the European Union, Japan, 
the Republic of Korea and USA was reported. The imperative for this policy is 
the increasing number of patents for biological medicinal products that are due 
to expire in the coming years, and the fact that copy biologicals based on original 
products are coming to the market despite the lack of specific regulatory pathways 
in many countries. The task before the consultation was thus complicated by the 
current range of regulatory settings and also by the different approaches of the 
innovator industry and the generics industry to the naming of “biosimilars”.

The biological manufacturing process is critical in defining the 
characteristics of the final product, and the consultation concluded that 
“biosimilars” do not meet the criteria for true generic medicines. The consultation 
also recognized that regulatory control of this class of products is still evolving. 
For example, different names for such products have been proposed in various 
jurisdictions, e.g. follow-on products/proteins in Japan and USA; biosimilar 
products in the European Union; and subsequent-entry biologics in Canada. For 
regulatory approval, it was suggested that biosimilars need to show similarity 
with the innovator product, that extensive product characterization and 
comparison with the innovator product will be needed, but that the extent of 
clinical data required may be less than that required for an innovator product. 
Issues that needed to be resolved included definition of the degree of similarity 
that would make possible the use of this regulatory pathway; interchangeability 
in prescribing; and the implications of post-marketing surveillance.

A generic drug is assigned the same INN as the innovator drug, even if a 
different production process is used. For “biosimilars”, however, consensus was 
needed on whether the same INN should be used as for the innovator product, 
whether an INN should be devised that indicates “biosimilar” product status, or 
whether other approaches should be used.

The conclusions of the consultation were that “biosimilar” is a regulatory 
and legal concept and that assignment of INN should be independent of the 
regulatory process. Thus, there should be no distinctive INN designation 
to indicate “biosimilar”. The naming of biosimilars should follow the same 
principles as the naming of innovator  biologicals. However, the consultation 
deemed that there isa  need to explain clearly to stakeholders the limitations 
of INN for biologicals. It recommended an in-depth review of current policy 
for naming biologicals in order to ensure a consistency of approach for future 
biological products.
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WHO Blood Regulators Network
The Committee was given an overview of the mandate and functions of the 
WHO Blood Regulators Network. Improved cooperation between leading 
NRAs and promotion of effective and flexible regulatory approaches – suitable 
for all countries – to the evaluation of blood, blood products and associated 
medical devices are key aims of the Network. The Network’s objectives include 
sharing of expertise and information, including establishment of an efficient 
mechanism for communication among members and other relevant scientific 
bodies; promoting convergence of regulatory policy, including consideration of 
the recommendations of the Expert Committee on Biological Standardization; 
developing regulatory guidance on emerging public health challenges; and 
supporting WHO in enhancing and assisting regulatory authorities worldwide.

The members of the Blood Regulators Network are required to be 
scientists from regulatory authorities, with responsibilities for, and experience 
in, regulation, standardization, licensing, lot release and pharmacovigilance of 
blood products. The chairperson is appointed every two years. Non-member 
experts from outside the network are invited when additional expertise is 
required, and working groups are established as needed. The Network reports to 
the Expert Committee on Biological Standardization and is not an independent 
legal entity. All members and invited experts cover their own expenses, whereas 
the secretariat and support activities of the Network are financed by WHO and 
subject to WHO policy and regulations. Information from the Blood Regulators 
Network is disseminated to NRAs and the general public through WHO.
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International recommendations, guidelines, and other 
matters related to the manufacture and quality control of 
biologicals

Guidelines for assuring the quality, safety and efficacy of human 
papillomavirus vaccines
The Expert Committee reviewed proposed guidelines for assuring the quality, 
safety and efficacy of recombinant human papillomavirus virus-like particle 
(VLP) vaccine; the document was produced by a Working Group that met 
in March and August 2006. At that time, two prophylactic vaccines had been 
developed and were licensed or close to being licensed. One vaccine is made in 
yeast cells and contains VLPs of types 6, 11, 16 and 18 adjuvanted to aluminium 
hydroxyphosphate sulfate gel. The other, manufactured in a  baculovirus insect 
cell system, contains VLPs of types 16 and 18 with a proprietary adjuvant, ASO4, 
which contains aluminium hydroxide and monophosphoryl lipid-A (MPL).

Recombinant hepatitis B vaccine is a yeast cell-derived vaccine and has 
been used for many years in population-wide immunization programmes, but 
there were no previous examples of large-scale use of recombinant baculovirus-
derived vaccines. The approaches in the document were modelled on that taken 
with recombinant hepatitis B vaccines; identification and stability of the cell 
banks and the expression system with respect to passage level of the working 
cell bank are thus key parameters. For the insect cell-derived vaccine, additional 
issues need to be addressed, such as fidelity of expression of the L1 protein, 
freedom from adventitious agents and validation of viral clearance procedures 
in the manufacturing process. Moreover, this vaccine is formulated with MPL, of 
which lipid A is a vital constituent; lipid A is derived from Salmonella minnesota 
R595 and its safety and quality therefore need to be approved by the NRA. For 
both vaccines, the validition of the manufacturing process with respect to L1 
protein concentration, purity and assembly state needs to be demonstrated.

The document sets international expectations for the nonclinical 
and clinical evaluation studies that regulators would expect to be conducted. 
Nonclinical studies should evaluate the neutralizing antibody response in animal 
models induced by L1 VLP-based vaccine in comparison with homologous 
virus models, e.g. rabbit cotton-tail papillomavirus. They should also include 
pharmacotoxicological studies (posology of the vaccine, adjuvant safety). 
During clinical evaluation, the protective efficacy and safety of the candidate 
vaccine in the target population (such as sexually active young females) need 
to be demonstrated. The immunological correlates of protection need to be 
further elaborated.

The document also defines international expectations for the quality 
control of the manufacturing process and for the quality control testing of the 
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final product. Lot release specifications for thiomersal content, osmolarity, 
pyrogen and endotoxin contents, adjuvant specifications and in vivo safety tests 
are included. 

After making suitable amendments, the Committee recommended that 
the guidelines be adopted and appended to its report (Annex 1).

Guidelines for assuring the quality, safety and efficacy of 
meningococcal A conjugate vaccines
Meningococcal A conjugate vaccines have emerged as an important new tools 
with significant potential to reduce the burden of disease, especially in the 
epidemic-prone countries in Africa known as the “meningitis belt”. A global 
technical specification for this vaccine was urgently needed to support the vaccine 
development efforts that are under way in various countries. Accordingly, WHO 
initiated the development of recommendations for quality control and production 
of the vaccine; consultations took place in June 2005 and June 2006 to develop 
specifications for production, quality, and  nonclinical and clinical evaluation.

A draft set of specifications, WHO/BS/06.2041 was discussed by the 
Committee. The Committee gave advice on issues such as the availability of 
reference standards; standardization of media; activation of saccharides; residual 
reagents used for purification; and pyrogen and endotoxin tests. The clinical 
effects of including a challenge by unconjugated vaccines in clinical studies and 
the clinical impact of immunity to the carrier protein effect were also discussed.

Regarding nonclinical evaluation, the Committee suggested that studies 
should demonstrate the ability of the conjugate to boost the immune response in 
terms of measurable bactericidal antibodies.

The Committee was concerned by the practice of challenge by 
unconjugated vaccine in clinical studies. The induction of immune memory from 
the primary immunization series has often been assessed by administration of 
the challenge dose of unconjugated saccharide at least 6 month later. It was noted 
that there is new evidence of antibody hypo-responsiveness, observed when 
using a similar strategy to test the related conjugated meningococcal C vaccine. 
The document therefore introduces, for the first time, the use of a conjugated 
vaccine booster to assess immune memory. The Committee recommended that 
the clinical section of WHO Recommendations for meningococcal C vaccines 
(WHO Technical Report Series, No. 924, 2004) be amended to take account of 
this new evidence.

For post-marketing surveillance studies, the Committee suggested that 
due consideration be given to the carrier proteins in the vaccine; the potential for 
hyper-responsiveness to such proteins should be evaluated and its implications 
for the safety profile of the vaccine assessed.
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After making suitable amendments, the Committee recommended that 
the Guidelines be adopted and appended to its report (Annex 2).

Guidelines for stability evaluation of vaccines
The Committee recommended that the scope of the guidelines for stability 
evaluation of vaccines be clarified to make the reader aware that the document 
provides guidance on thermal stability and does not pertain to genetic stability. 
The document sets standards regarding design and data analysis for the traditional 
methods – based on compliance testing – of evaluating the thermal stability of 
vaccines and determining shelf-life. In addition, it establishes a new method, 
based on statistical evaluation, for defining expiry dates through extrapolation of 
data obtained in testing programmes.

During discussions, it was highlighted that tests of vaccines at elevated 
temperature (accelerated degradation studies) allow the rate of change of vaccine 
properties over time to be determined. Although a useful source of support 
data for establishing the shelf-life or minimum release specification, these data 
cannot be used to forecast real-time stability of the vaccine under real conditions. 
The definitions of “minimum release specification” and “stability-indicating 
parameters” are included in the document.

Regulatory strategies are also outlined in the document. A licence may 
be granted to a product by NRAs on condition that the real-time data generated 
at all stages of production and storage subsequent to licensing be made available 
for evaluation as a post-licence commitment. It was further noted that there 
should be comparability studies of the stability of full-scale manufacturing and 
developmental lots. Finally, periodic checks on all stability-indicating parameters 
are required for all licensed products as part of ongoing quality evaluations. 

After making suitable amendments, the Committee recommended that 
the Guidelines be adopted and appended to its report (Annex 3).

Regulatory preparedness for pandemic influenza vaccines
In 2006, the yearly production capacity for seasonal influenza vaccine stood at 
350 million doses – a number far lower than the world population of 6.7 billion. 
Various measures to augment this capacity in case of the emergence of a pandemic 
influenza virus strain are being considered. For example, the International 
Conference of Drug Regulatory Authorities (ICDRA), held in April 2006 in Seoul, 
Republic of Korea, considered the feasibility of producing a human vaccine in 
veterinary vaccine facilities. Certain regulatory authorities such as the Food and 
Drug Administration (FDA) in the USA and the European Medicines Agency 
in the European Union, considered that emergency use of veterinary vaccine 
manufacturing facilities may be possible from a regulatory viewpoint, since GMP 
and other quality standards for veterinary products in these jurisdictions were of 
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a high standard. In other countries, regulations and GMP standards would need 
further evaluation ton assess this option.

The issues regarding the release from biocontainment of influenza 
vaccine seed material derived from highly pathogenic avian influenza viruses 
but modified for use for human vaccine production were deliberated by the 
standards committee of the World Organization for Animal Health (OIE) in 
September 2006. OIE requires the completion of a chicken pathogenicity test (14 
days) before seed material is released from biocontainment. On the advice of 
experts, OIE agreed that it could allow early release from biocontainment after 
2–3 days’ observation of the chicken pathogenicity test, since this is the time of 
greatest lethality. The few days gained in this way would accelerate the availability 
of pandemic influenza vaccine seed.

WHO has developed a global pandemic influenza action plan to increase 
the accessibility of influenza vaccine. The plan focuses on increasing both 
production capacity and the demand for seasonal influenza vaccines, which 
is a key driver of supply; it includes a research and development agenda for 
the design of more potent and effective vaccines that can be produced more 
efficiently and quickly and that would induce long-lasting broad-based 
protection after a single dose.

Microneutralization and haemagglutination inhibition tests are used 
for the evaluation of clinical trial sera; these tests have been shown to be 
variable between laboratories in the case of seasonal influenza vaccines, and 
standardization of H5N1 vaccine serology is therefore of the utmost importance. 
For this purpose, a WHO International Standard H5N1 sera may be useful, and a 
WHO collaborative study to evaluate this option was considered a high priority.

Regulatory preparedness is of immediate concern as newer regulatory 
pathways and requirements for quality control testing, clinical efficacy and 
post-marketing surveillance are developed. With support from the FDA, WHO 
convened a consultation to evaluate the similarities and differences in pandemic 
influenza vaccine licensure in five countries or regions (Australia, Canada, Europe, 
Japan and USA), to develop an inventory of guidance documents available from 
regulators, and to review emergency use provisions in different countries. 

The consultation also discussed nonclinical and clinical requirements 
together with immunization/challenge studies in animals, legal and ethical 
issues concerning paediatric studies, and extension of regulatory considerations 
to include possible use of a pandemic vaccine in the pre-pandemic phase. The 
consultation also developed guidance on quality control preparedness for vaccine 
batch release procedures and a proposal for pandemic batch release procedures; 
it also considered provision of reagents for potency tests, typically the single-
radial immunodiffusion test, and the testing of adjuvanted influenza vaccines.

A final working group in the Consultation reviewed expectations of, 
and potential approaches, to post-marketing surveillance. Ensuring business 
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continuity for pharmacovigilance activities, such as periodic safety update 
reports and evaluation of adverse drug reactions, and long-term vaccine safety 
and efficacy was also discussed.

A key concern in assessing the efficacy of pandemic influenza vaccines is 
that the link between immunogenicity and efficacy is not defined, since specific 
correlates of protection do not exist. To evaluate further the immunogenic 
potential of influenza vaccines, the FDA and WHO agreed to convene a meeting 
of scientific experts on influenza immunology to review parameters for assays and 
experimental systems. The experts will be encouraged to share their experiences 
on immunological correlates of protection for influenza virus and/or vaccines.

The Committee encouraged WHO to use the outcomes of the consultation 
on pandemic influenza vaccines to develop comprehensive WHO guidelines on 
regulatory preparedness for human pandemic influenza vaccines and to submit 
these to the Expert Committee on Biological Standardization as soon as possible.

Expedited approval of  vaccines used in national immunization 
programmes  and procured through United Nations agencies
The Committee reviewed a document that described an expedited regulatory 
approval process that has been proposed for vaccines to be used in national 
immunization programmes and supplied to countries via procurement through 
United Nations agencies. The proposed process stressed that registration and 
licensing are important for all vaccines, even those supplied through the United 
Nations. This is to ensure that each NRA fulfils its mandate to guarantee the 
quality of imported vaccine, specifies (under the terms of it’s licence) how the 
product should be used, and also to build regulatory capacity in preparation to 
meet challenges for new and novel vaccines.

In the absence of comprehensive national guidelines for approval of 
vaccines, these proposed WHO guidelines should help countries to fulfil their 
regulatory obligations. The guidelines state that the NRA of the importing 
country should define both the time limits for approval and the fee structure 
(with a recommendation that no fee be charged for vaccines supplied by the 
United Nations, in contrast to those directly procured by the country). Countries 
are encouraged to ensure that the national evaluation process does not block 
approval of WHO pre-qualified vaccines; to assist national decision-making, the 
role of WHO in pre-qualification of a vaccine is defined. In essence, the guidelines 
provide a pathway for NRAs to develop fast-track regulatory approval processes 
for WHO pre-qualified vaccines. This allows resource-constrained NRAs to 
benefit both from evaluations performed by better-resourced authorities and 
from WHO pre-qualification as a means of assessing suitability of products for 
developing-country use, and thus to conserve their resources for other, country-
specific purposes.
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The Committee suggested some amendments to the guidelines document 
and agreed that it be published by WHO’s Department of Immunization, 
Vaccines and Biologicals.

Acceptability of cell substrates
The Committee was given a historical overview of the acceptability of cell 
substrates for manufacture of biological medicines and details of various types 
of cell substrates and cell lines currently available. A number of new continuous 
cell lines, such as MDCK, BSC-1, LLC-MK2, 293, Per C6, Namalwa, HeLa, and 
T-24, are now being considered for development of newer vaccines. Certain 
candidate vaccines (such as HIV and vectored vaccines) cannot be grown in 
currently accepted cells; moreover, these new cell lines give better yields of some 
existing vaccines.

Current WHO guidance on acceptability of cell substrates (WHO 
Technical Report Series,  No. 878, 1998) needs revision to take account of these 
new developments, and a WHO Working Group had started work on this in 
May 2006. The Working Group decided to focus first on issues of evaluation 
of tumorigenicity, oncogenicity and DNA limits for new cell substrates. The 
Committee advised that cell lines such as the insect cell used for HPV vaccine 
production should also be considered during the revision process. Progress on all 
of these issues would require scientific and technical dialogue between industry, 
research institutions and regulatory authorities.

Earlier WHO initiatives in this area should also be included, such as 
the need for a reference preparation of cell DNA and reference cell bank for use 
as a positive control in tumorigenicity assays. In addition, development of well 
characterized Vero-cell banks for dissemination to manufacturers and regulatory 
agencies would need to be assessed.

The Committee concurred with WHO’s plans to reconvene the Working 
Group in April 2007 to review protocols for tumorigenicity and recent data 
on risk assessment of cell DNA and to draft revisions to the relevant sections 
of WHO Technical Report Series, No. 878, concerning guidance on the use of 
animal cells.

Proposed development of new human diploid fibroblast cell bank 
for manufacture of biological medicines
The Committee was informed that the human diploid fibroblastic MRC-5 seed 
bank was prepared at NIBSC in 1966 at a population-doubling level of  7 (PDL-7). 
At that time 481 glass ampoules of the cells were frozen in 54 pools. This bank has 
been used as a source of well characterized cells for the manufacture of biological 
medicines but was expected to be depleted in the next 2–3 years. Moreover, the 
glass vials of the remaining stock appeared to be increasingly fragile.
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At its meeting in 2005, the Committee had agreed with a proposal that 
a replacement seed bank be prepared. The strategy to be followed had been 
discussed and agreed with manufacturers. Accordingly, a candidate replacement 
seed bank was generated in 2006. A total of six ampoules (two ampoules from 
each of three pools) from the PDL-7 bank were thawed and cultured in current 
Good Manufacturing Practice (cGMP) conditions. In-process tests for sterility, 
identity and mycoplasma gave satisfactory results. The cells were pooled one 
passage before freezing, and a total of 450 vials were frozen in liquid nitrogen 
vapour at PDL-12. At the present meeting it was reported that the cell bank is 
undergoing cGMP-compliant homogeneity and sterility testing, after which 
it will contain 386 vials; it is estimated that this should be sufficient for more 
than 20 years. It was noted that cells from this stock were being made available 
immediately but with no guarantee of compliance with cGMP; GMP status will 
be assigned to these cells only after completion of final testing.

Regulatory expectations for evaluation of flavivirus vaccines
The Committee was informed of recent developments concerning Japanese 
encephalitis (JE) and dengue vaccines, including policies for their use, correlates 
of protection, clinical efficacy, and standardization and quality control tests.

Recent epidemics have triggered increased interest in JE vaccination 
since some 900 million children are at risk and between 35 000 and 50 000 cases 
are reported every year with considerable morbidity and mortality. The trend is 
for countries to introduce live attenuated JE vaccine and discontinue production 
of mouse-brain inactivated vaccines. WHO has done much to support the 
introduction of JE vaccine; for example, the Organization has established 
surveillance standards, carried out a review of JE immunization policy at SAGE 
(Strategic Advisory Group of Experts on Immunization), updated the WHO 
position paper on JE immunization, and planned a regulatory forum on JE 
vaccine. Vaccine SA-14-14-2 is a promising candidate that is being evaluated 
for large-scale immunization in India and Sri Lanka; the fact that it can be co-
administered with measles vaccine at 8 months of age is a distinct advantage.

Adherence to strict quality regulations is essential for all vaccines. These 
regulations are based on national or regional pharmacopoeial standards, which 
are in turn based on WHO written standards. To strengthen the overall flavivirus 
research and development programme, various meeting reports, including WHO 
Technical Report Series, No. 771, 1988, and No. 910, 2002, have been published 
and are being revised as appropriate.

Among the specific issues relating to revision of the WHO written 
standard for inactivated JE vaccines is that of whether support for the use of 
animals for production should continue, as mouse brain vaccine might cause 
allergic reactions. A key assay – the plaque reduction neutralization assay – 
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needs revision with respect to assay design, standardization of challenge dose 
and response, and advice is needed on whether serum pooling is advisable in 
immunogenicity tests. The Committee was informed that a revision of the 
current WHO guidelines for inactivated JE vaccines would be presented at a 
future meeting.

Candidate dengue vaccines are also being developed using a variety 
of approaches, including live vaccines resulting from classical attenuation or 
chimeric viruses, as well as inactivated vaccines. Several candidates are already 
in preclinical and clinical trial stages. The Committee was informed of the 
complexity of developing a dengue vaccine. Prevailing scientific opinion favours 
the rapid induction of a good neutralizing antibody response to all four serotypes; 
moreover, the absence of a suitable animal model hampers the nonclinical in-vivo 
evaluation of such important candidates. The correlates of protection in terms 
of humoral and cell-mediated responses are not known. The assays likely to be 
used for evaluation of immunity – plaque reduction neutralization test (PRNT), 
enzyme-linked immunosorbent assay (ELISA), lymphoproliferation, cytokine 
estimation. etc. – need complete standardization and harmonization with respect 
to parameters such as viral strain, cell source, media, vessel size, plaque-forming 
unit (PFU) target, heat inactivation, dilutions, and source of complement. Finally, 
the Committee was informed of a WHO initiative to develop guidance for clinical 
evaluation of dengue vaccines. A stakeholder group has already been constituted 
and was invited to present its results at a future Committee meeting.

In vitro diagnostic devices
The Committee was informed of the development of a strategic plan for in vitro 
diagnostic devices (IVDs) to strengthen the use of WHO global measurement 
standards (International Standards or Reference Reagents) with an impact on 
blood safety. The rationale is that they provide a tool for NRAs, manufacturers and 
product users (physicians/scientists) to communicate in a “common language” 
and thus facilitate global harmonization in the IVD area. The strategic plan 
encourages the use of the WHO global measurement standards for validation, 
quality control and comparability of IVD tests (especially to determine analytical 
sensitivity) and as a tool for identifying unsuitable diagnostic kits. Three WHO 
Collaborating Centres (NIBSC, CBER and the Paul Ehrlich Institute) represent 
the greatest knowledge and experience in establishing global measurement 
standards. It was proposed to convene a meeting of the collaborating centers in 
January 2007 to develop an IVD Work Plan for the following five years. The aim 
of the meeting would be to review current global measurement standards and 
proposals for new preparations, to consider the introduction of  new tests and 
the role of emerging technologies, to evaluate and monitor epidemiological data 
worldwide, and to define priority projects. It was expected that the IVD strategic 
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plan formulated at the meeting would aim to ensure the establishment of relevant 
WHO global measurement standards for the detection of microbiological agents 
with impact on blood safety; the plan should also define priority projects to 
support global harmonization of international regulations.

The Committee endorsed this new initiative and asked to be kept 
informed of progress with the strategic plan.

Quality, safety and efficacy of antivenom sera
At its meeting in October 2005, the Expert Committee on Biological 
Standardization endorsed the need to increase production and availability of 
animal-derived antisera at global level. A stakeholder meeting was planned for 
January 2007 to raise awareness of the public health significance of envenomation 
and its treatment by antisera. The meeting was expected to recommend a 
pre-qualification programme for animal-derived antisera products, foster 
collaboration with international organizations for ensuring distribution and 
development of epidemiological data, and contribute to the mobilization of 
resources for this neglected area. Other issues to be addressed at the meeting 
would be animal sera production capacity, quality, safety and efficacy.
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Global measurement standards
Antigens and related substances
Pertussis vaccine (whole cell) – fourth International Standard
Although whole cell pertussis vaccines have been largely replaced by acellular 
pertussis vaccines in some developed countries, they are still widely used in 
many developing countries and in some countries in eastern Europe. The WHO 
Collaborating Centre at NIBSC reported that more than 100 ampoules of the 
Third International Standard (ampoule code 66/303) are currently distributed 
each year. This material was prepared in 1966, established in 1998 (WHO 
Technical Report Series 897, p19), and needed replacement. A candidate Fourth 
International Standard (ampoule code 94/532) was prepared in 1994. In 1995–
1996, the Statens Serum Institute, Copenhagen, carried out a collaborative study 
to compare 94/532 with the Second International Standard (ampoule code 
66/302). At that time, questions were raised about the stability of the Second 
International Standard, and – pending clarification – full analysis of the study 
was not completed. Several subsequent studies that have included the Second 
International Standard have failed to confirm the suggested instability (see 
Discussion, in Biologicals, 29:133–136).

At its fifty-fifth meeting (2004), the Expert Committee on Biological 
Standardization recommended that further collaborative study of the stability 
of the candidate Fourth International Standard and comparison of it with the 
current Third International Standard was needed before it could be considered 
for establishment. The Committee also suggested that the collaborative study 
include regional reference standard(s) if possible. The results of the study 
designed in response to these comments were reported (WHO/BS/06.2036).

The aims of the study were to assess the suitability of the candidate 94/532 
to serve as the Fourth International Standard for whole-cell pertussis vaccine; 
to assign to it a unitage; to compare the activity of the Third International 
Standard, the candidate Fourth International Standard and the U.S. Lot  #11 
(the Pan American Health Organization regional standard); to confirm the 
stability of these preparations by assessing the relationship between them; and 
to show consistency with their nominal unitages based on currently available 
information. A total of 16 laboratories from 14 countries participated. These 
were laboratories that currently perform the Kendrick intracerebral challenge 
potency assay test for whole-cell pertussis vaccine/or whole-cell pertussis-based 
combination vaccines. Analysis of the data from the study gave a consistent 
calibration of the new candidate (94/532) against the Third International 
Standard. Moreover, the available data indicated that 94/532 was sufficiently 
stable to serve as an international standard. 
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On the basis of the results of the evaluation and with the agreement 
of the participants in the study, it was proposed that 94/532 be established as 
the Fourth International Standard for Pertussis Vaccine (Whole Cell) and be 
assigned an activity of 40 IU/ampoule. The Committee endorsed this proposal.

Smallpox vaccine – second  International Standard
The Committee considered a proposal (WHO/BS.06/2037) to establish a 
replacement for the existing First International Standard for Smallpox Vaccine. 
The results of a collaborative study of two candidate standards were presented; 
one candidate (Lister strain) was based on calf lymph substrate and the second 
(New York City Board of Health strain) was cell culture-derived. The purpose 
of the study was to assess the suitability of the candidates and to assign a 
unitage to the most suitable reference material. Participants in the study were 
13 laboratories from 10 countries, including both manufacturers and NCLs. All 
participants used their in-house assays which were chorioallantoic membrane, 
plaque or median tissue culture effective dose (TCID50) assays. Both candidate 
materials were found suitable with respect to performance in the range of 
assays tested, potency and stability. On the basis of the data, and the pragmatic 
consideration that cell culture-derived material may prove easier to transport 
across international boundaries than calf lymph material, the cell culture-
derived material was proposed as the new standard.

The Committee agreed with the proposal that the cell culture-derived 
candidate, coded 06/166, be established as the Second International Standard for 
Smallpox Vaccine, with an assigned unitage of 7.3 log10 chorioallantoic-forming 
units/ml after reconstitution in 0.25 ml sterile water. The Committee also asked 
to receive reports of real-time stability monitoring.

Poliovirus, Sabin, type 3 – International Standard for the polio 
neurovirulence test
It was reported that the supplies of the current neurovirulence reference 
preparation (WHO(SO+2)/III) were very low and, given the central importance 
of this material for testing of oral polio vaccine, a replacement was needed. 
After consultation with NRAs and manufacturers, it had been decided that the 
replacement should be an SO+2-level material produced from a WHO(SO+1)/III 
seed using vaccine production protocols. A candidate standard had been sourced 
and 1975 ampoules, coded 05/146 and stored at –70 °C, were available to WHO.

The results of collaborative studies conducted to evaluate the proposed 
candidate material were reported (WHO/BS.06/.2043). In initial studies, four 
candidates were tested by mutant analysis by polymerase chain reaction and 
restriction enzyme cleavage (MAPREC) and the transgenic mouse neurovirulence 
test (TgMNVT), with a single test for each. Two vaccines were selected for 
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further study and were tested by MAPREC (three laboratories),  TgMNVT (five 
laboratories) and the monkey neurovirulence test (MNVT) (four laboratories). 
In all, six laboratories participated in the study, including both manufacturers 
and NCLs. The opportunity was also taken to evaluate a proposed new titration 
reference (code 97/676) for the type 3 test in TgMNVT; four laboratories 
participated in this additional study.

One candidate reference material, 05/146, was found to have 
neurovirulence characteristics closest to the existing WHO(SO+2)/III reference. 
This material was filled into ampoules and, after confirmation of its potency 
and stability by several laboratories, was proposed as the replacement reference. 
The titration  candidate (97/676) was found to be suitable as the type 3 titration 
reference for TgMNVT.

The Committee agreed with the proposal that preparation 05/146 – 
WHO(SO+2)/III Sabin type 3 Neurovirulence Reference Reagent – be established 
as the replacement for the current WHO(SO+2)/III neurovirulence reference 
reagent for use in MNVT and TgMNVT. The Committee also agreed with the 
proposal that preparation 97/676 be accepted as a new titration reference for 
type 3 TgMNVT, with an assigned titre of 8.7 CCID50/ml.

Anti-poliovirus sera, types 1, 2 and 3 – third International Standard
The Committee was informed that the Second International Standard for Anti-
Poliovirus Sera, Types 1, 2 and 3, coded 66/202, is used as both an anti-polio 
antibody standard and the anti-measles antibody standard; it is an important 
tool for assessing the immune status of the individual. Stocks of the Second 
International Standard are critically low, and a replacement is therefore required. 
The candidate replacement standard, coded 82/585, consists of pooled human 
sera collected in the United Kingdom; it was filled, lyophilized and sealed in 
ampoules in 1982 and is available in sufficient quantity to last for more than 10 
years. Initial studies suggested that the material has suitable titres for all three 
polio serotypes.

Eight laboratories from six countries (four NCLs, two manufacturers, 
two public health laboratories) participated in the collaborative study (WHO/
BS/06.2038). To assay the study samples, all participants used in-house 
neutralizing antibody methods, based on the constant virus-varying serum 
principle. In addition to the candidate standard, the study included a second 
candidate, coded duplicates of both these materials, a sample that had been 
determined at NIBSC to have lower potency than the candidate materials, and 
the Second  International Standard.

Although there was considerable variation in absolute titre between 
laboratories, expression of results as potencies relative to the Second International 
Standard considerably reduced this variation. The study yielded estimates of 11, 
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32 and 3 IU of neutralizing antibody to type 1, 2 and 3 poliovirus, respectively, 
for 82/585; subsequent stability studies showed that this material has the 
necessary stability profile.

The Committee agreed with the proposal that the material coded 
82/585 be established as the Third International Standard for Anti-Poliovirus 
Sera, Types 1, 2 and 3, and assigned poliovirus neutralizing antibody values 
for this preparation, when reconstituted in 1  ml of distilled water, of 11 IU 
for type 1 poliovirus, 32 IU for type 2 and 3 IU for type 3. The Committee 
also recommended that the other candidate preparation included in this 
study, coded 83/571, would be suitable as a future replacement when stocks of 
82/585 are exhausted, and that the calibration of 83/571 – in IU of poliovirus-
neutralizing antibodies – determined in study WHO/BS/06.2038 may be used 
for value assignment, pending suitable confirmatory studies of stability.

Anti-measles serum – third International Standard
The Committee was informed that the Second International Standard for Anti-
Measles Serum, coded 66/202, was depleted and that there was a critical need 
for a replacement. A collaborative study (WHO/BS/06.2031) was reported that 
assessed the suitability of a replacement material, to be used as a reagent for 
calibrating in-house reference materials used in assays for determining levels 
of measles antibodies in sera. The candidate material, coded 97/648, is a pool 
of defibrinated plasma from the Central Laboratory for Blood Transfusion, 
Amsterdam, the Netherlands, which was filled, lyophilized and sealed into 
ampoules at NIBSC in 1997. A total of 2700 ampoules of this material are 
available for use.

Twelve laboratories from eight countries (four NCLs, four vaccine 
manufacturers, four public health authorities) participated in the collaborative 
study; all were asked to carry out three independent assays for measles antibody 
content in the study samples, using their in-house methods. The methods used 
were PRNT (five laboratories), ELISA (five laboratories) and TCID50 (two 
laboratories).

The results showed method-specific differences in potency: for example, 
potency of the candidate was 2.87 IU/ampoule in the PRNT assays and 5.7 IU/
ampoule in ELISAs. Problems with cytotoxicity were observed in some TCID50 
assays, but the stability of the candidate material was found to be suitable. On 
the basis of these data it was concluded that a single unitage applicable to both 
PRNT and ELISA cannot be assigned at this time. Nevertheless, the results of the 
study enabled a link to be established between the First International Reference 
Preparation (IRP), the Second International Standard and the candidate Third 
International Standard in units of functional biological activity measured in 
neutralization assays.
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The Committee thus agreed with the proposal (WHO/BS/06.2031) that  
97/648 be established as the Third International Standard for Anti-Measles 
(Plasma) (since it is derived from plasma rather than serum) and be assigned 
a unitage of 3 IU/ampoule in PRNT assays. The Committee also agreed with a 
proposal that further study be initiated to establish the relationship between the 
First International Reference Preparation, the Second International Standard 
and the Third International Standard for ELISA.
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Blood products and related substances

Anti-A and anti-B blood group reagents
The Committee was presented with an updated report (WHO/BS/06.2053) 
on the First International Standard for Minimum Potency of Anti-A Blood 
Grouping Reagents (code number 03/188) and the First International Standard 
for Minimum Potency of Anti-B Blood Grouping Reagents (code number 
03/164), which had been considered at an earlier meeting (WHO/BS/05.2024). 
The updated report provided additional information on comparisons with 
previous reference materials and also on proposals to clarify the status of 
previous WHO standards as requested by the Committee (WHO Technical 
Report Series, No. 941, 2007, p. 45).

The Committee agreed that the updated report (WHO/BS/06.2053) 
replace the earlier report. It also agreed with the proposals that the Second 
International Standard for Anti-A Blood Grouping Reagent (code number 
W1001) and the Third International Standard for Anti-B Blood Grouping 
Reagent (code W1002) be discontinued.

Blood coagulation factor XIII, plasma
The First International Standard for Factor XIII, Plasma, (02/206) was established 
in 2004 with an assigned value for factor XIII activity. The Committee considered 
a new report (WHO/BS/06.2051), which proposed the addition of an assigned 
value for factor XIII antigen to the First International Standard. Following the 
recommendations of the ISTH Scientific and Standardization Committee (SSC) 
Factor XIII Standardization Working Group (SWG), an additional international 
collaborative study, involving five laboratories, was carried out to evaluate the 
assignment of a value for factor XIII antigen (A2B2 complex). Data from this 
study were discussed at meetings of the ISTH/SSC Factor XIII and Fibrinogen 
Subcommittee and the Factor XIII SWG, and the SWG decided that these 
additional data be combined with preliminary data – obtained from a previous 
study by those laboratories that carried out the antigen assay for the A2B2 
complex – to give an overall mean value. Antigen estimates were calculated 
relative to locally collected normal plasma pools. Estimates of factor XIII antigen 
for the First International Standard for Factor XIII, Plasma, (02/206) showed 
relatively good agreement between laboratories, with inter-laboratory geometric 
coefficient of variation (GCV) of 16.3% and an overall mean value of 0.93 IU/ml.

Preliminary accelerated degradation studies showed that the standard 
is very stable, with a predicted yearly loss of antigen of less than 0.052% at 
the recommended storage temperature of –20  °C. The proposal to assign a 
value of 0.93 IU/ampoule for antigen (A2B2 complex) had been approved by 
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the participants in the collaborative studies, the ISTH/SSC Factor XIII and 
Fibrinogen Subcommittee and by the Factor XIII SWG.

On the basis of the data presented, the Committee agreed with the 
proposal that the First International Standard for Factor XIII, Plasma (NIBSC 
code 02/206) be assigned an antigen value of 0.93 IU/ampoule.

Alpha-1-antitrypsin – first International Standard
Alpha-1-antitrypsin (AAT) belongs to the serpin (serine proteinase inhibitor) 
family, although its physiological target is elastase. Plasma-derived therapeutic 
AAT products are used to treat AAT deficiency (alpha-1), a genetic disorder 
identified in virtually all populations that can cause liver and lung disease in 
adults and children. Alpha-1 is often misdiagnosed as asthma or smoking-related 
chronic obstructive pulmonary disease (COPD); as many as 3% of all people 
diagnosed with COPD have alpha-1. WHO, the American Thoracic Society and 
the European Respiratory Society recommend that all individuals with COPD 
be tested for alpha-1.

A need for reference preparations to standardize the measurement 
of potencies of therapeutic AAT products has been identified by regulators 
and industry. In the absence of an International Standard, and therefore of an 
International Unit, for AAT, and in line with current interest in extending the 
use of SI units where possible, it was proposed to calibrate a new International 
Standard in terms of moles (and/or milligrams) of active inhibitor per ampoule. 
This is also in line with the current labelling practice of licensed therapeutic 
AAT products. A plan for a collaborative study, including the choice of materials 
and methods, was agreed by representatives from academia, industry and 
regulatory authorities (including NIBSC, CBER and Group 6B of the European 
Pharmacopoeia) in April 2005 at the Alpha-1 Foundation Workshop, Cincinnati, 
USA. The plan was finalized at the Workshop by a subgroup of participants, 
including major manufacturers of therapeutic products.

In an international collaborative study that involved 15 laboratories 
from 10 different countries, laboratories were provided with detailed methods 
and critical reagents and were asked to measure the potency of four candidate 
standards (A, 05/150; B, 05/152; C, 05/162; D, 05/172). Those with relevant 
experience were also invited to carry out extended characterization of the 
materials, including total protein and antigen content, for which an additional 
reference preparation was provided.

Analysis of the results indicated that any of the candidates would be 
suitable on the basis of potency. In initial stability studies, following 6–8 months 
of accelerated degradation at elevated temperatures, none of the candidates 
showed any loss of potency. The largest number of ampoules available were 
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of candidate C, which also had the lowest variability of filling; the study 
participants therefore proposed that candidate C (05/162) be adopted as the First 
International Standard for Alpha-1-Antitrypsin, with a potency of 243 nmoles 
(12.4 mg) active AAT per ampoule. The remaining candidates could serve as 
replacement standards (in the order A, B, D) once C has been depleted, provided 
that the stability of each material is confirmed at the time of replacement.

Total protein and antigen content were determined for each candidate to 
allow for calculation of specific activity. The results varied between laboratories 
and between the different methods and depended on the protein standard used. 
Further complications arose relating to the molecular weight cited for the AAT 
standard, where this was used. At this stage, therefore, study participants did not 
recommend assigning values for total protein, antigen or specific activity to the 
AAT International Standard.

The Committee agreed with the proposal (WHO/BS/06.2044) that 
candidate C (05/162) be adopted as the First International Standard for Alpha-
1-Antitrypsin, with a potency of 243 nmoles (12.4 mg) active AAT per ampoule. 
This potency should be converted to 12.4 mg of active AAT based on a molecular 
weight of 51 kDa (determined by liquid chromatography/mass spectroscopy) 
and be included on the label.

Protein S, plasma, human – second International Standard
Protein S is a vitamin K-dependent plasma protein that acts as a cofactor for the 
anticoagulant function of activated protein C. Congenital deficiency of protein S 
is associated with a predisposition for recurrent thrombosis; measurement of 
plasma protein S is therefore included in the investigation of “thrombophilic” 
conditions. Protein S exists in plasma both as a free molecule and bound to the 
C4b-binding protein, but only the free molecule acts as a cofactor for activated 
protein C. Three methods are routinely used to characterize protein S in plasma: 
total antigen methods measure both free and bound protein  S whereas free 
antigen and functional methods measure only free protein S.

The First International Standard for Protein  S, Plasma (93/590) was 
established by WHO in 1995. It was calibrated relative to locally collected 
normal plasma pools and assigned an IU value where 1 IU represents the 
amount of protein S in 1 ml of pooled normal plasma. Since the consensus 
mean values assigned to the three analytes – total antigen, free antigen and 
function – were very similar, the same value (0.90 IU/ampoule) was adopted for 
all three analytes. The First International Standard has been used steadily since 
establishment, with annual dispatch of between 200 and 300 ampoules. Current 
stocks is approximately 200 ampoules and it is therefore necessary to calibrate a 
replacement preparation. This standard is intended for use in the IVD field and 
relates to case 4 of the principles set out in ISO 17511:2003.
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In common with the approach used for other WHO International 
Standards in the thrombosis and heamostasis area the collaborative study 
reported to the Committee (WHO/BS/06.2046) included the assay of the 
proposed candidate standard relative both to the First International Standard 
(for continuity of the IU) and to locally collected normal plasma pools (as a 
check for drift of the IU). A third, lyophilized, plasma preparation was also 
included in the study (SSC/ISTH Secondary Coagulation Standard Lot #3) in 
order to check its calibration for protein S and to evaluate the inter-laboratory 
variability of protein S estimates in a common test sample relative to the First 
International Standard and the proposed Second International Standard. This 
comparison also addresses the issue of commutability for the primary intended 
use of the proposed Second International Standard – the calibration of secondary 
reference plasmas – by allowing a comparison of different test methods on a 
common test sample.

Twenty laboratories from 11 countries participated in the collaborative 
study to calibrate the candidate standard (03/228) for total antigen, free antigen 
and function (WHO/BS/06.2046). Estimates of intra-laboratory variability were 
acceptably low, with GCV below 10% for 80 of the 96 data sets. For each analyte, 
inter-laboratory variability (GCV) for estimates relative to the First International 
Standard was lower (GCV range 3.33–9.02%) than for estimates relative to the 
local normal plasma pools (GCV range 7.88–13.16%). There were no significant 
differences between the estimates calculated relative to the First International 
Standard and the local normal pools for any of the three analytes, and the 
overall mean estimates were extremely close (total antigen 0.83 vs 0.82; free 
antigen 0.81 vs 0.81; function 0.77 vs 0.75). These results confirmed the original 
definition of the IU and are also consistent with the long-term stability of the 
First International Standard and its suitability for calibration of the proposed 
Second International Standard.

Initial results from accelerated degradation studies were encouraging 
and, considered together with the excellent stability data for the First 
International Standard, indicated that the proposed Second International 
Standard would be suitably stable. Further testing would be carried out after 
6 and 12 months’ storage to provide more precise predictions of loss. The 
collaborative study also included a third freeze-dried plasma preparation 
(SSC/ISTH Secondary Coagulation Standard Lot  #3) in order to evaluate the 
inter-laboratory variability for estimates of a common test sample relative to 
the proposed Second International Standard. Inter-laboratory variability was 
very low for all three analytes when calculated relative to the proposed Second 
International Standard (GCV for total antigen 3.82%, for free antigen 6.51%, for 
function 4.35%). All participants in the collaborative study agreed that 03/228 is 
suitable for use as the Second International Standard for protein S, plasma, and 
with the proposed assigned potencies.
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The Committee agreed that preparation 03/288 be established as the 
Second International Standard for Protein S, Plasma, and be assigned values 
as follows: total antigen 0.83 IU/ampoule, free antigen 0.81 IU/ampoule, and 
function 0.77 IU/ampoule.

Protein C, plasma, human – second International Standard
Protein  C is a vitamin K-dependent coagulation inhibitor. It is activated by 
the thrombin–thrombomodulin complex and exerts its anticoagulant effect 
by inactivating activated factor V and factor VIII in the presence of protein S 
and phosphoplipids. The prevalence of protein C deficiency, which can lead 
to thrombosis, is approximately 0.5% in the general population. Heterozygous 
individuals have been shown to have a 50% chance of experiencing a first 
thromboembolic event by the age of 45; homozygosity can lead to neonatal 
death through massive venous thrombosis but is very rare, occurring in about 
1 in 500  000. Correct phenotypic diagnosis and replacement with protein  C 
concentrates are important for reduction of thrombotic events in these patients.

The First International Standard for Protein C, Plasma, Human (86/622) 
was established by the Expert Committee on Biological Standardization in 
1987 (WHO/BS 87.1561). Its value was assigned against a locally collected 
normal plasma pool, and the IU for both functional activity and antigen was 
defined as the amount measured in 1 ml of normal platelet-poor plasma. The 
low stock level of this standard has made a replacement preparation essential. 
The Committee considered the report (WHO/BS/06.2045) of a study to assign 
a potency value to a batch of normal pooled plasma (processed according to 
guidelines for the production of WHO International Standards) relative to the 
First International Standard. To identify any drift of protein  C antigen and 
functional activity in the normal plasma relative to the IU, the collaborative 
study also included locally collected normal plasma as one of the samples. 
The proposed Second International Standard for Protein C, Plasma, Human is 
intended for use in the IVD field and relates to case 4 of the principles set out in 
ISO 17511:2003.

Twenty laboratories from 10 countries took part in the collaborative 
study, assaying the candidate standard (02/342) against the First International 
Standard for protein C, plasma, human (86/622) and locally collected normal 
plasma pools (n = 38). Intra-laboratory variability (GCV) ranged from 0.3% to 
21.3%; for most laboratories GCV was less than 10%. There was also good inter-
laboratory agreement, with most GCV values being less than 10% (range 1.4–
15.6%). There were significant differences between results against local plasma 
pools and results against the First International Standard; since the stability of 
the First International Standard has been demonstrated, the most likely reason 
for this discrepancy is the change in protein  C levels in normal plasma pools 
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over time. In order to preserve the continuity of the IU, it was proposed that the 
potency values for the proposed Second International Standard (02/342) be based 
on overall mean values obtained from assays relative to the First International 
Standard (86/622) only. All participants and the ISTH/SSC Subcommittee agreed 
with this proposal.

The Committee agreed that preparation 02/342 be established as 
the  Second International Standard for Protein  C, Plasma, Human, and 
assigned functional and antigenic values relative to the First International 
Standard (86/622) as follows: functional activity 0.85  IU/ampoule; antigen 
0.84 IU/ampoule.

Blood coagulation factor VIII inhibitor antibody
Following factor VIII replacement therapy, 30–50% of patients with severe 
haemophilia A can develop antibodies. Quantifying factor VIII antibodies is 
thus important in managing bleeding episodes, determining the treatment for 
inhibitor eradication, and monitoring patients’ responses to the treatment and 
elimination of inhibitors. Studies have shown high inter-laboratory variability 
in measurement of factor VIII inhibitors and an International Reference 
Preparation is therefore needed. The Committee considered a progress report 
(WHO/BS/06.2047) of a collaborative study to develop an International Standard 
for measurement of factor VIII  inhibitors in plasma. The Committee expressed 
concerns about the specificity of the various antibodies and the sensitivity 
threshold for detection of factor VIII inhibitors in clinical samples. It was noted 
that the candidate material for the proposed standard is HCV-, HIV1- and HIV2-
positive; the Committee expressed concerns about the HCV- and HIV-positivity 
of the preparation.

Vitamin B12 and serum folate
The Committee reviewed a corrected and updated report (WHO/BS/06.2052) 
on the First International Standard for Vitamin B12 and Serum Folate. The 
Committee had requested that the corrected report (WHO Technical Report 
Series, No. 941, 2007, p. 47) show the vitamin B12 value in pg/ml, not ng/ml 
as stated in the original report (WHO/BS/05.2025). The Committee accepted 
the corrected report (WHO/BS/06.2052) and recommended that the previous 
report (WHO/BS/05.2025) be deleted from the record.

Fibrinolysis
To date, there is a lack of plasma antigen and activity standards in the fibrinolysis 
area. The Committee considered a report (WHO/BS/06.2042) which suggested that 
the situation may be related to the technical difficulties of standardizing existing 
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tests rather than the result of a lack of interest or testing. Over the past several 
years, understanding of how tests work and what should be tested has improved 
and new testing approaches have been successful. This progress is exemplified 
by research on thrombin-activated fibrinolysis inhibitor/carboxypeptidase U 
(TAFI/CPU) and by large collaborative studies on D-dimer measurement. There 
has also been a recent drive to improve comparability between testing on tissue 
plasminogen activator (tPA) antigen, plasminogen activator inhibitor-1 (PAI-1) 
antigen and PAI-1 activity; reference preparations would be helpful in this regard. 
Both tPA and PAI-1 are implicated in the diagnosis and monitoring of metabolic 
syndrome, a condition responsible for premature onset of atherosclerosis, 
cardiovascular disease and type II diabetes.

The Committee agreed with proposals to develop new WHO standards 
for tPA antigen, D-dimer, alpha-2-antiplasmin, TAFI/CPU and PAI-1 antigen.
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Cytokines, growth factors and endocrinological 
substances

Thyroid-stimulating hormone, recombi3nant, human, for bioassay – 
first International Standard
The Committee was presented with the results of a collaborative study for the 
proposed First International Standard for Thyroid-Stimulating Hormone, 
Recombinant, Human, for Bioassay (WHO/BS/06.2048). Recombinant human 
thyroid-stimulating hormone (rhTSH) has been approved for use in the long-
term management of thyroid cancer, as part of the monitoring procedure for 
recurrence or persistence of thyroid carcinoma. It is also used to test thyroid 
reserve and in thyroid-related nuclear medicine procedures. The decline in 
health-related quality of life seen after thyroid hormone withdrawal is avoided 
by the use of rhTSH. It was noted that there is a need to provide a standard for 
bioassay for manufacturers, regulatory bodies and research groups to calibrate 
potency determinations of the therapeutic product. A WHO Reference Reagent 
for rhTSH for use in immunoassay is available but dosage is insufficient for use 
in current bioassays.

Highly purified rhTSH expressed in Chinese hamster ovary cells was 
filled into ampoules, coded 03/192, and evaluated as a candidate standard in 
the collaborative study. Seven laboratories in four countries, including NRAs as 
well as manufacturers of both therapeutic and diagnostic products, participated 
in the collaborative study. The study found 03/192 to be suitable for use as a 
bioassay standard, and from the results it was proposed to assign an activity of 
9.5 IU/ampoule. This value assignment maintains the broad consistency of units 
assigned to various reference preparations of TSH that were included in the 
collaborative study.

The Committee agreed that the preparation coded 03/192 should 
be established as the First International Standard for Thyroid-Stimulating 
Hormone, Recombinant, Human, for Bioassay, with an assigned unitage of 
9.5 IU/ampoule.

Interleukin-17 – WHO Reference Reagent
Interleukin-17 (IL-17) is a 20–30-kDa glycosylated disulfide-linked homodimer, 
secreted exclusively by activated CD4 T cells. The IL-17 gene codes for a 
155-amino acid (aa) residue containing a 19-aa signal sequence and a 136-aa 
residue mature 16-kDa protein which has 6 cysteine residues. IL-17 is a pro-
inflammatory cytokine with various  immunomodulatory functions; it affects  
haematopoietic responses and induces cytokine secretion (e.g. IL-6, IL-8 and 
granulocyte colony-stimulating factor by fibroblasts; tumour necrosis factor-
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alpha, IL-1b by macrophages). It has been implicated in rheumatoid arthritis, 
asthma, promotion of angiogenesis and tumour growth and there is therapeutic 
interest in IL-17 antagonists for rheumatoid arthritis and inflammatory 
airway diseases. Moreover, IL-17 expression is elevated in some cancers and 
measurement of IL-17 levels for diagnosis and prognosis is under investigation.

Candidate reference preparation 01/420 was evaluated for biological 
and immunological activity in comparison with in-house laboratory standards 
in a collaborative study (WHO/BS/06.2039). Two laboratories in different 
countries participated in the study. The data showed that 01/420 has biological 
and immunological activity comparable to that of in-house reference materials, 
and accelerated degradation studies showed that the ampouled preparation had 
adequate thermal stability. However, one ELISA result suggested that freeze–
thawing may lead to some loss of activity.

The Committee agreed that the preparation coded 01/420 be established 
as a WHO Reference Reagent for Human Interleukin-17 for bioassays with an 
assigned arbitrary unitage of 10 000 units/ampoule. However, the Committee 
noted that the question of stability after reconstitution needs to be resolved 
before the preparation can be recommended for use in immunoassays.

Interleukin-18 – WHO Reference Reagent
Interleukin-18 (IL-18) is synthesized as a 24-kDa non-glycosylated biologically 
inactive 193-aa polypeptide and, like the related IL-1b, lacks a classical signal 
sequence. Proteolytic cleavage by caspases, e.g. IL-1b converting enzyme, 
is required to generate the mature, bioactive 18-kDa monomer of 156 aa. A 
therapeutic product is currently in Phase II clinical trials in immunologically 
sensitive melanomas and renal cell carcinoma. Moreover, IL-18 expression is 
elevated in some cancers and measurement of IL-18 levels for diagnosis and 
prognosis is under investigation.

The results of a collaborative study (WHO/BS/06.2040) on a proposed 
reference reagent for IL-18, coded 03/200, were presented. The primary aim of 
the study was to evaluate the suitability of the candidate as an IL-18 reference 
reagent in terms of biological activity, immunoactivity and thermal stability 
as assessed by different bioassays and immunoassays. Three laboratories in 
two countries participated in the study. It was concluded from analysis of 
the data that IL-18 preparation 03/200 shows biological and immunological 
activity comparable to that of in-house reference preparations, and that the 
ampouled material is adequately stable. However, some ELISAs distinguished 
between 03/200 and IL-18 preparations currently in use, possibly because 
of differences in IL-18 structure and/or formulation, interactions with assay 
systems and/or conditions.
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The Committee agreed that the preparation coded 03/200 be established 
as the WHO Reference Reagent for Human Interleukin-18 with an assigned 
arbitrary unitage of 10 000 units/ampoule. The Committee also recommended 
the need for confirmatory studies on the suitability of the material for use in 
assay systems not included in the study.
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Diagnostic reagents

Hepatitis B DNA for nucleic acid amplification test assays – second 
International Standard
The First International Standard for Hepatitis B DNA, code 97/746, was 
established in October 1999. It was prepared from a dilution of the European 
Reference 1, genotype A, HBsAg subtype Adw, and was assigned a unitage of 
106 IU/ml. The International Standard has been extensively used, making it 
necessary to consider a replacement preparation. The Committee noted that, 
when the First International Standard was established, a preparation coded 
BB (NIBSC code 97/750) and made from the same stock as 97/746 had been 
reserved as a replacement standard. In the collaborative study carried out at 
that time, the two materials showed no significant difference in potency. 
A  proposal to evaluate the material BB as a potential replacement for the 
First International Standard was agreed at a meeting of users of the reference 
preparation (International Working Group on Standardization of Genomic 
Application Techniques (SoGAT), 2005).

The Committee reviewed data from an international collaborative study 
(WHO/BS/06.2034) designed to demonstrate the equivalence of the candidate 
replacement (BB) to the First International Standard with respect to real-time 
and accelerated degradation data. Six laboratories in five countries, consisting 
of NCLs, manufacturers and an academic laboratory, participated in the 
collaborative study. Participants were asked to test the candidate preparation 
in four independent assays, using 10-fold dilutions initially and then three-fold 
dilutions around the end-point. A total of eight sets of data were received, five 
from qualitative assays and three from quantitative assays.

The real-time and accelerated degradation data showed that both the 
First International Standard, 97/746, and the candidate replacement, 97/750, are 
very stable and suitable for long-term use. As in the original study, there were no 
significant differences in estimated IU/ml or polymerase chain reaction (PCR) 
detectable units/ml between the two materials.

The Committee agreed that the preparation coded 97/750 be established 
as the Second International Standard for Hepatitis B DNA but specified that the 
assigned unitage be expressed as 5 x 105 IU/vial.

Plasmodium falciparum, in whole blood, for nucleic acid 
amplification test assays – first International Standard
The Committee considered a proposal (WHO/BS/06.2035) to establish a 
reference preparation to standardize qualitative and quantitative nucleic acid 
amplification test (NAT) assays for Plasmodium falciparum. The potential areas 
of use of such a standard include: blood transfusion practice – for validation 
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of assay sensitivities used for detection of parasitaemia in antibody-positive 
donors, and for investigation of transfusion-transmitted infection; malaria 
diagnosis – for standardization of commercial and in-house tests through 
harmonization of results to a single reference material; and vaccine studies – 
to facilitate cross-comparison of studies in which parasite loads are used as 
an end-point.

Four candidate P. falciparum standards had been prepared. Sample AA 
(NIBSC code 04/176) was freeze-dried whole blood with approximately 10% 
parasitaemia; sample BB was a liquid culture of P. falciparum with about 10% 
ring forms; sample CC was a liquid preparation of patients’ blood with about 
7% parasitaemia; and sample DD was a liquid preparation of patients’ blood 
with about 0.007% parasitaemia. All samples were evaluated in an international 
collaborative study. Fourteen laboratories in ten countries participated in 
the collaborative study, including NCLs, a diagnostic kit manufacturer, and 
transfusion and academic laboratories. Participants were asked to test the 
samples in four independent assays, using 1.0  log10 dilutions initially and 
0.5 log10 dilutions subsequently. A total of 20 data sets were received, two from 
quantitative assays and the rest from qualitative assays. NIBSC collated and 
analysed the data.

It was concluded that the mean log10 PCR equivalents/ml were 8.5 for 
sample AA, 8.45 for sample BB, 8.35 for sample CC and 5.51 for sample DD. 
Accelerated degradation studies of preparation AA indicated that it is extremely 
stable and suitable for long-term use.

The Committee agreed that the preparation AA, coded 04/176, be 
established as the first International Standard for Plasmodium falciparum nucleic 
acid amplification test assays, with an assigned potency of 5 x 108 IU/vial.

Anti-human immunodeficiency virus tests – first International 
Reference Panel
Human immunodeficiency viruses (HIV) exhibit much sequence diversity: 
HIV-1 groups M (subtypes A–K), N and O, and HIV-2 have been identified. 
There has been good progress in genotyping HIV but very little in its serotyping. 
A WHO Working Group on reference preparations for testing HBsAg, anti-HCV 
and anti-HIV recommended that an anti-HIV reference panel be established. 
The Working Group considered that such a panel would assist laboratories in 
different regions of the world to determine whether their serological tests are 
able to detect antibodies to the main HIV subtype(s) prevalent in their region. 
It would also help diagnostic kit manufacturers and others to demonstrate the 
ability of their assays to detect antibodies to the main HIV subtypes and groups. 
Finally, such a panel would be of value in assessing the analytical sensitivity of 
assays with regard to diluted samples.
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The material for the candidate reference panel of anti-HIV was from 
plasma of individuals infected with HIV-1 subtype A, B, C or AE, or group O, 
or with HIV-2. A negative control was included. Plasma samples were solvent/
detergent-treated, diluted 1:40 and freeze-dried. The panel was prepared at 
NIBSC and coded 02/210. It was screened and shown to be negative for HBsAg, 
anti-HCV and HCV RNA. Fifteen laboratories in ten countries participated 
in a collaborative study to evaluate the candidate panel (WHO/BS/06.2032); 
each received four coded freeze-dried panels. The laboratories were asked to 
prepare a fourfold dilution series initially and test this to establish the linear 
response range of assay(s). Each laboratory then tested a twofold dilution series, 
covering the linear response range of the assay, on three occasions; Western 
blot, immunoblots and some rapid assays were tested undiluted. All data were 
submitted to NIBSC, where the data were collated and statistically analysed.

It was concluded that the performance of  the seven-member candidate 
reference panel was satisfactory. In summary, the HIV-negative sample was 
negative in all assays (apart from some limited banding in Western blots). 
There was considerable variability in end-point titres obtained with different 
assays for the HIV-positive samples. The panel is thus of value for assessing 
the analytical sensitivity of kits but it may not allow evaluation of diagnostic 
sensitivity since undiluted samples taken early in infection were not included in 
the panel.

The Committee agreed that the panel coded 02/210 be established as the 
first International Reference Panel for Anti-Human Immunodeficiency Virus 
tests and that, at this time, no unitage be assigned to the panel members.

Anti-human platelet antigen 3a, for minimum potency estimates – 
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 in the gene encoding the relevant membrane glycoprotein. 
Alloantibodies against human platelet antigens (HPA) are involved in neonatal 
alloimmune thrombocytopenia, platelet refractoriness and post-transfusion 
purpura. Detection of the relevant HPA antibody is essential to diagnosis and 
to the treatment of the patient. Various techniques are in use to detect HPA 
antibodies, and the proficiency of antibody detection varies considerably 
between laboratories. Detection of anti-HPA-3a can be particularly problematic, 
probably because of the lability of the HPA-3a epitopes.

The variation in detection sensitivity shows that there is clearly a 
need for standards in HPA antibody detection tests. So far, two International 
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Reference Reagents (anti-HPA-1a, NIBSC code 93/710, and anti-HPA-5b, 
NIBSC code 99/666) have been established by the Expert Committee on 
Biological Standardization. They are minimum sensitivity reagents containing 
low-titre antibodies and are used to determine the sensitivity of tests for the 
respective antibodies. In addition, an International Standard for Anti-Human 
Platelet Antigen-1a quantitation (NIBSC code 03/152) has been established to 
determine the clinical relevance of anti-HPA-1a activity in different patients by 
comparison with a standard curve.

The Committee considered a report (WHO/BS/06.2033) that describes 
the production and characterization of a freeze-dried preparation of pooled 
human plasma, coded 03/190, containing IgG antibodies against HPA-3a, 
which was proposed as a minimum sensitivity standard for the detection 
of anti-HPA-3a. This preparation was evaluated in a collaborative study. In 
two international collaborative studies involving a total of 49 laboratories 
in 23 countries, the minimum dilution that should give a positive result was 
determined to be 1:8.

The Committee agreed that the material, in ampoules coded 03/190, 
be established as the First International Standard for Anti-Human Platelet 
Antigen 3a Minimum Potency Reagent. The Committee noted that, although the 
preparation had no assigned activity, a 1:8 dilution should define the minimum 
potency specification for anti-HPA-3a detection.
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Introduction
WHO convened two meetings in Geneva, held on 23–24 March and 28–30 
August 2006, at which scientific experts, regulatory professionals and other 
stakeholders met to develop guidelines for prophylactic vaccines against human 
papillomavirus (HPV). These guidelines are intended to provide background 
and guidance to national regulatory authorities and vaccine manufacturers 
on the production, quality control and evaluation of the safety and efficacy of 
recombinant HPV virus-like particle (VLP) vaccines.

This document sets out the guidance on product manufacture and 
quality assessment in part A. Guidance specific to the nonclinical evaluation of 
recombinant HPV vaccines is provided in part B and on their clinical evaluation 
in part  C. This document should be read in conjunction with all relevant 
WHO guidelines including those on nonclinical (1) and clinical evaluation (2) 
of vaccines. The following text is written in the form of guidelines rather than 
recommendations. Guidelines allow greater flexibility than recommendations 
with respect to expected future developments in the field. This guidance is based 
on the experience with the products developed so far, as described below, and 
may need to be updated in response to future developments.

General considerations
HPV is a small, non-enveloped deoxyribonucleic acid (DNA) virus. The circular, 
double-stranded viral genome is approximately 8 kb in length. The genome 
encodes for six early proteins responsible for virus replication and two late 
proteins, L1 and L2, which are the viral structural proteins. L1 is the major 
structural protein and the L1 proteins associate to form pentameric structures 
called capsomers. Mature virus particles comprise 72 capsomers arranged in 
icosahedral symmetry. The minor capsid protein, L2, is present in as many as 
72 molecules per mature virus particle. L2 is not required for particle formation. 
HPV infection, replication and particle maturation occur in the stratified 
squamous epithelia of skin and mucous membranes, with virus spread occurring 
through skin-to-skin contact.

Over 100 different types of HPV have been identified and molecularly 
characterized. These HPVs cause a variety of diseases in humans ranging from 
benign warts to cancer of the epithelia (including the cervix, vagina, vulva, anus 
and oropharynx). Those HPV types associated with the development of cancer 
are labelled high risk for oncogenicity. Other HPV types, such as types 6 and 11 
associated with genital warts, are considered low risk for oncogenicity.

The majority of HPV infections with both high and low risk types are 
asymptomatic, self-limiting and resolve spontaneously, presumably due to the 

WHO_TRS_962.indb   53 11/8/11   1:10 PM



54

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
62

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-seventh report

host immune response. In some instances, persistent infection with the high-
risk types may ultimately progress to invasive carcinoma at the site of infection, 
mainly of the genital tract, if not detected and treated appropriately. The interval 
between the acquisition of HPV infection and malignant progression is usually 
about 10 years or longer. High-risk HPV types can be detected in virtually all 
women with cervical cancer, and it is generally accepted that the persistent viral 
infection is necessary for the development of cancer (3). The basis for progression 
to invasive carcinoma is not well understood. However, environmental and 
physiological cofactors may increase the risk for cancer development in people 
with persistent infection.

The International Agency for Research on Cancer (IARC) currently 
defines 13 high-risk HPV types that are associated with cancers in humans 
(4). Distribution and prevalence of these HPV types in patients with cancer is 
generally consistent around the world. Two of the high-risk HPV types, 16 and 
18, account for approximately 70% of all cervical cancers globally (4). Most other 
genital cancers, such as cancers of the vagina and anus, are also associated with 
persistent HPV infection. In addition, these HPVs are associated with a fraction 
of cancers of the vulva, penis, and oropharynx. The incidence of cervical cancer is 
significantly higher than that of all other HPV-related cancers, and is the second 
most common cancer among women worldwide.

Low-risk HPV types cause genital warts, recurrent respiratory 
papillomatosis (RRP), and low-grade cervical dysplasia. The lifetime risk of 
genital warts exceeds 10%. While not malignant, these lesions are associated with 
physical and psychological morbidity. They are also difficult to treat. RRP is a 
devastating, although rare disease that manifests as recurrent, rapidly growing 
benign laryngeal tumours that require frequent excision to prevent airway 
obstruction. HPV 6 and 11 are responsible for over 90% of genital warts and cases 
of RRP, and 9–12% of low-grade cervical dysplastic lesions.

Identification of a viral agent such as HPV as a major cause of diseases 
implies that prophylactic vaccines or interventions against the viral agent should 
prevent the disease(s) it causes. Initial studies in animal models showed that 
inoculation with species-specific papillomaviruses induced an immune response 
that conferred protection against homologous virus challenge. However, native 
papillomaviruses are not good substrates for vaccine development as they cannot 
be grown easily in culture. Subsequent studies were initiated on the production 
of viral particles from expression of the structural proteins in heterologous 
expression systems, such as yeast or baculovirus vectors. The results showed that 
expression of L1 alone led to the production of VLPs which morphologically 
resemble the authentic HPV virions but contain no viral DNA. These VLPs are 
produced by self-assembly of the L1 protein when expressed in a heterologous 
cell substrate and are the basis for the vaccines considered in this document. In 
animal studies, VLPs were shown to protect against experimental infection with 
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a high dose of homologous virus. HPV VLPs are highly immunogenic in mice 
and rabbits, and the resulting antibodies have been shown to be neutralizing and 
type-restricted when tested in a pseudovirion neutralization assay. Immunization 
with denatured particles does not result in the production of neutralizing 
antibodies or provide protection from experimental virus challenge, indicating 
that neutralizing epitopes are conformation dependent. Protection in animals 
has also been demonstrated through passive transfer of antibodies in serum.

Neutralizing antibodies are probably the primary mediator of this 
protection. L1 is not expressed in the basal keratinocytes in which infection is 
thought to be maintained and regression of established lesions was not observed 
after vaccination with VLP. Therefore, it seems unlikely that cell-mediated 
immunity (CMI) is involved as a direct effector mechanism of protection (5).

The specific assays that have been developed to evaluate the 
immune response include: VLP-based enzyme immunoassay (EIA), 
competitive immunoassay with labelled neutralizing monoclonal antibodies, 
haemagglutination inhibition (HAI), and in vitro neutralization.

The development of these guidelines has been driven by the experience 
acquired with the two vaccines developed thus far. These vaccines are both made 
up of recombinant protein L1 VLPs and they contain adjuvant to stabilize the 
integrity of the L1 VLPs and also to enhance immunogenicity. The products 
differ in the types of HPV L1 proteins included as antigens, substrates used for 
production, adjuvant properties and in the final formulation. These two vaccines 
are:

 ■ a bivalent vaccine comprising oncogenic HPV types 16 and 18 VLPs 
reassembled from L1 protein expressed and purified from insect cells 
infected with a recombinant baculovirus. This vaccine is formulated 
with a novel adjuvant, AS04, which contains aluminium hydroxide 
and monophosphoryl lipid A (MPL); and

 ■ a tetravalent vaccine comprising the low-risk HPV types 6 and 11 
and the oncogenic HPV types 16 and 18. Type-specific L1 proteins 
for this vaccine are expressed and purified from yeast cells containing 
L1 expression plasmids. The VLPs are adsorbed to an adjuvant 
containing amorphous aluminium hydroxyphosphate sulfate.

It is possible that a vaccine produced in mammalian cells may be 
developed in the future.

Special considerations
There are several special considerations that need to be addressed in the 
manufacturing, nonclinical and clinical development of these vaccine products. 

WHO_TRS_962.indb   55 11/8/11   1:10 PM



56

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
62

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-seventh report

VLPs are complex biological products and will need to be assessed at various 
levels.

With respect to manufacturing and product quality, the following items 
should be considered:

 ■ The bivalent vaccine expressed from recombinant baculovirus in 
insect cells is the first vaccine to be developed in this host expression 
system. Testing of this cell substrate may have some unique 
requirements.

 ■ A novel adjuvant with which experience has not previously been 
gained on a global scale is used in the formulation of the bivalent 
vaccine. The immunostimulant is MPL which is a detoxified form 
of lipid A derived from the lipopolysaccharide (LPS) isolated from 
bacterial cell walls of the Gram-negative bacterium Salmonella 
minnesota R595. While detoxified, MPL was shown to retain the 
capacity of the natural LPS compound to act as an immunostimulant 
by potentiating cellular and humoral adaptive immune responses.

 ■ L1 protein in its native form is not glycosylated. For the two currently 
available vaccines, glycosylation during production on a cell substrate 
is not an issue. HPV L1 VLP vaccines produced in new or different 
cell substrates should be assessed for glycosylation status.

 ■ Disassembly and reassembly of the L1 capsomers may contribute to 
purification of the product and lead to more stable VLPs.

 ■ Purified L1 VLP preparations will need to be characterized 
biochemically and immunologically, to determine L1 concentration, 
purity and assembly state.

 ■ The currently available HPV vaccines are manufactured in single-
dose forms without the addition of preservative. In the future, the 
availability of multi-dose vaccine vials would facilitate the adoption 
of innovative vaccination strategies targeting pre-adolescents and 
adolescents in developing countries. If these vaccines do not contain 
preservative, their use should be time-restricted as is the case for 
reconstituted vaccines such as Bacillus Calmette-Guérin (BCG) and 
measles-containing vaccines. If a preservative were to be added, its 
effect on antigenicity and immunogenicity must be assessed and it 
must be known not to have a negative impact as has been observed 
with thiomersal (6).

It is crucial that the nonclinical studies demonstrate immunogenicity 
and the production of neutralizing antibodies.

For the clinical assessment of HPV VLP vaccines there are several 
critical considerations:
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 ■ Since 90% of HPV-related cancers affect the cervix, the efficacy of 
the vaccines developed so far has been studied in sexually active 
women.

 ■ In order to obtain maximal benefit from these vaccines, the primary 
target population for immunization should be young adolescents 
before the onset of sexual activity. Although the attack rate for HPV 
is high in the 5–10 years following sexual debut, most women remain 
naïve to vaccine HPV types during this time and few have been 
infected with all vaccine HPV types.

 ■ Licensure of first-generation vaccines requires a definitive 
demonstration of prophylactic efficacy with respect to cervical 
intraepithelial neoplasm (CIN) 2/3 and adenocarcinoma in situ (AIS) 
caused by vaccine HPV types.

 ■ Persistent infection (e.g. detection of the DNA of the same virion 
in cervicovaginal specimens collected on consecutive visits over a 
period of at least 12 months) may be an appropriate end-point for 
second-generation vaccines, including those with additional HPV 
types. At the time of preparing these Guidelines, however, there was 
no international consensus on a definition for HPV persistence based 
on detection of HPV DNA by restricted PCR.

 ■ Once licensed, evaluation of the long-term effectiveness of these 
vaccines should be integrated with current screening programmes 
for cervical cancer.

Part A. Guidelines on manufacturing
A.1 Definitions
A.1.1 International name and proper name
The international name should be “Recombinant human papillomavirus virus-
like particle vaccine” followed in parentheses by the genotype specificity and 
the name of the recombinant protein (e.g. genotype 16 and 18 L1 proteins). The 
proper name should be equivalent to the international name in the language of 
the country of origin.

The use of the international name should be limited to vaccines that meet 
the specifications elaborated below.

A.1.2 Descriptive definition
The recombinant HPV VLP vaccine is a sterile liquid vaccine preparation 
which contains purified VLPs composed of the recombinant major capsid 
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proteins of one or more HPV genotypes (from now on referred to as “types”). 
The VLPs may be formulated with a suitable adjuvant. Such vaccines are for 
prophylactic use.

A.1.3 International reference preparations
International reference preparations based on recombinant HPV VLPs were not 
available when these Guidelines were prepared. However, reference reagents for 
use in the laboratory evaluation of the biological effects following administration 
of vaccine to humans, such as antibody titres and detection of viral DNA, are 
under development for HPV types 16 and 18. Some information can be found in 
the literature (7–10).

A.1.4 Terminology
The definitions given below apply to the terms used in these guidelines. They may 
have different meanings in other contexts.

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

Adsorbed monovalent antigen bulk: a batch of purified monovalent 
antigen bulk adsorbed on an aluminium-containing adjuvant. Different batches 
of adsorbed monovalent antigen bulks may be pooled before collection into a 
single vessel.

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 (typically −60 °C or below for yeast, and in liquid nitrogen for 
insect or mammalian cell lines).

End of production cells: a cell suspension containing the cells harvested 
at the end of culture or fermentation.

Fermentation cell paste: a suspension of cells harvested at the end of 
the yeast fermentation stored frozen (−60 °C or below).

Filling lot (final vaccine lot): a collection of sealed final containers of 
vaccine that is homogeneous with respect to the risk of contamination during 
the filling process. A filling lot must therefore have been filled or prepared in one 
working session.

Final vaccine 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 adsorbed monovalent antigen bulks and may contain VLP antigens from 
one or multiple HPV virus types.

HPV L1 protein: the major structural protein of human papillomavirus, 
of which 360 molecules are found in the native virion associated in 72 
pentameric capsomers.

Inoculum intermediate: a quantity of recombinant baculovirus of 
uniform composition, derived from the working seed lot. The inoculum 
intermediate has a defined shelf-life. It is intended to be used to initiate the 
production of recombinant L1 proteins.

L1 virus-like particle: a non-infectious, non-enveloped, icosahedral 
capsid particle which does not contain viral DNA and which is composed of 
regular arrays of L1 pentameric capsomers.

Master cell bank (MCB): a collection of containers containing aliquots 
of a suspension of cells from a single pool of cells of uniform composition, stored 
frozen under defined conditions (typically −60 °C or below for yeast, and in 
liquid nitrogen for insect or mammalian cell lines). The MCB is used to derive 
all working cell banks for the anticipated lifetime of the vaccine product.

Parental yeast cell: yeast host cell to be manipulated for the expression 
of protein(s) to give rise to a recombinant yeast production strain.

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

Purified monovalent antigen bulk: a batch of purified antigen of the 
same HPV type. Different batches of purified monovalent antigen bulks may be 
pooled before collection into a single vessel.

Recombinant baculovirus master seed lot: a quantity of recombinant 
baculovirus of uniform composition derived from an original baculovirus 
construct, processed at one time and passaged for a documented number of times.

Recombinant baculovirus working seed lot: a quantity of recombinant 
baculovirus of uniform composition, derived from the master seed lot by a 
limited number of passages. The recombinant baculovirus virus working seed 
lot may be used to prepare inoculum intermediates or alternatively to initiate 
the production of recombinant L1 proteins.

Single antigen harvest: a cell suspension containing the intended HPV 
antigens of one virus type harvested from cell cultures prepared from a single 
production run.

Single harvest pool: a homogeneous pool of multiple single harvests of 
the intended HPV antigens of one virus type, collected into a single vessel before 
clarification.

Working cell bank (WCB): a collection of containers containing aliquots 
of a suspension of cells from a single pool of cells of uniform composition, 
derived from the MCB, stored frozen under defined conditions (typically −60 °C 
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or below for yeast, and in liquid nitrogen for insect or mammalian cell lines). 
One or more aliquots of the WCB are used for routine production of the vaccine. 
Multiple WCBs are made and used during the lifetime of the vaccine product.

A.2 General manufacturing recommendations
The general manufacturing requirements contained in Good manufacturing 
practices for biological products (11) should apply to the establishment of 
manufacturing facilities for recombinant HPV VLP vaccines, with the addition 
of the following:

 ■ Production steps involving manipulations of recombinant HPV L1 
VLP types should be conducted at a biosafety level consistent with 
the production of recombinant microorganism. 

 ■ Quality control procedures should be in place to ensure segregation 
of different HPV L1 VLP types during bulk manufacturing steps. 
Sufficient cleaning validation and product changeover data should 
be available.

 ■ The antigen manufacturing process should be validated to 
demonstrate production consistency. Typically, three consecutive lots 
per HPV type are required. However, if one or more HPV types use 
the same manufacturing process, validation of all processes with at 
least one type may be acceptable. The assessment of manufacturing 
consistency should include evaluation of critical quality parameters 
and their corresponding attributes.  Examples of process quality 
attributes are nucleic acid and host cell protein clearance or cumulated 
population doubling level and an example of a process key operating 
parameter is column loading. The process validation antigen batches 
should show compliance with the pre-established quality control 
specifications for the HPV antigen such as antigen identity and 
antigen purity (see section A.5).

A.2.1 Characterization of the antigen
Characterization of HPV antigen is performed on lots produced during vaccine 
development, including the process validation batches.

The protein composition should be established by techniques such as 
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under 
reducing conditions or mass spectrometry. The bands should be identified by 
sensitive staining techniques and where possible by specific antibodies or mass 
spectrometry to confirm the presence of the expected products of the L1 
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protein. The identity of the protein should be established by peptide mapping 
and/or analysis of the terminal amino acid sequence.

Since it is known that conformational epitopes are essential for efficacy, 
it is essential that the morphological characteristics of the VLPs and degree 
of aggregation should be determined. In addition, the protein, lipid, nucleic 
acid and carbohydrate content should be measured when applicable. VLP 
characterization may be done by atomic force and transmission electron 
microscopy, dynamic light scattering, epitope mapping and reactivity with 
neutralizing monoclonal antibodies.

The level of residual host cell protein derived from insect cells and/or a 
novel cell substrate should meet acceptable standards of safety in nonclinical 
and clinical studies (see Parts B and C).

A.3 Control of source materials
A.3.1 Cell cultures for antigen production
The use of any cell line should be based on a cell bank system. Only cells that 
have been approved and registered with the national regulatory authority should 
be used to produce HPV L1 protein. The national regulatory authority should be 
responsible for approving the cell bank. An appropriate history of the cell bank 
should be provided.

A.3.1.1 Yeast cells
The characteristics of the recombinant production strain (host cell in 
combination with the expression vector system) should be fully described and 
information given on the absence of adventitious agents and on gene homogeneity 
for the MCB and WCB. A full description of the biological characteristics of the 
host cell and expression vectors should be given. The physiological measures 
used to promote and control the expression of the cloned gene in the host cell 
should be described in detail. This should include genetic markers of the host 
cell, the construction, genetics and structure of the expression vector and the 
origin and identification of the gene that is being cloned.

The nucleotide sequence of the gene insert and of adjacent segments of 
the vector and restriction-enzyme mapping of the vector containing the gene 
insert should be provided as required by the national control authority.

A.3.1.2 Insect cells
If insect cells are used for production of recombinant HPV L1 VLP vaccines, 
the use of insect cell substrate should be based on a cell bank system. The cell 
substrates and cell banks should conform with Requirements for use of animal 
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cells as in vitro substrates for the production of biologicals (12, 13), as appropriate 
to insect cells, and should be approved by the national regulatory authority.

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 to or beyond the maximum production level and examined for 
tumorigenicity in an animal test system and for the presence of retroviruses and 
arthropod-borne viruses (12).

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 which is distributed into ampoules and preserved 
cryogenically to form the WCB.

The manufacturer’s WCB is used for the preparation of production cell 
culture, and thus for production of HPV L1 antigen batches.

A.3.1.3 Other cell substrates
If other host cells are used, the cell substrates and cell banks should conform 
with Requirements for use of animal cells as in vitro substrates for the production 
of biologicals (12, 13) where appropriate, and should be approved by the national 
regulatory authority.

A.3.2 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 requirements 
given in Part A, sections 5.2 (14) and 5.3 (15) of Requirements for biological 
substances no. 6 and freedom from infectious viruses. Suitable tests for detecting 
viruses in bovine serum are given in Appendix 1 of Recommendations for 
production and control of poliomyelitis vaccine (oral) (16).

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

The acceptability of the source(s) of any components of bovine, porcine, 
ovine or cervine origin used should be approved by the national regulatory 
authority. These components should comply with current WHO guidelines in 
relation to animal transmissible spongiform encephalopathies (17).

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 applicable. 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 Requirements for the collection, processing and quality control of blood, 
blood components and plasma derivatives (requirements for biological substances 
no. 27) (18), as well as current guidelines in relation to human transmissible 
encephalopathies (17).

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.

Non-toxic pH indicators may be added, e.g. phenol red at a concentration 
of 0.002%. Only substances that have been approved by the national regulatory 
authority may be added.

A.3.3 Tests on master and working cell banks
A.3.3.1 Yeast cells
MCBs and WCBs should be tested for the absence of adventitious bacteria, 
fungi and mycoplasmas according to Part A, section 5.2 of the Requirements 
for biological substances no. 6 (14) or by a method approved by the national 
regulatory authority.

Cells must be maintained in a frozen state that allows recovery of 
viable cells without alteration of genotype. The cells should be recovered from 
the frozen state, if necessary in selective media such that the genotype and 
phenotype consistent with the unmodified host and unmodified recombinant 
DNA vector are maintained and clearly identifiable. Cell banks should be 
identified and fully characterized by means of appropriate tests.

Data that demonstrate the stability of the expression system during 
storage of the recombinant WCB up to or beyond the passage level used for 
production should be provided and approved by the national regulatory 
authority. Any instability of the expression system occurring in the seed culture 
or after a production-scale run should be documented.

A.3.3.2 Insect cells for recombinant baculovirus expression system
Tests on the master and working cell banks should be performed in accordance 
with Requirements for use of animal cells as in vitro substrates for the production 
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of biologicals (12). In addition, it is important to show that the cell banks are free 
from bacteria, fungi, mycoplasmas, mycobacterium spp, and adventitious agents 
relevant to the species used in its derivation. For insect cell lines, special emphasis 
is put on potential insect-borne human pathogens (e.g. arboviruses). Cell banks 
should be assessed for absence of adventitious agents that may have been present 
during production, including those that may be present in the source materials 
used at each of these stages.

Insect viruses have not been well characterized compared to other 
potential adventitious agents. It should be borne in mind that infection of insect 
cells may occur without showing cytopathic effect. Tests may include PCR and 
other tests such as electron microscopy and co-cultivation. The specificity and 
sensitivity of assays should be defined and approved by the national regulatory 
authority.

Viruses of invertebrates include ascoviruses, baculoviruses, birnaviruses, 
dicistroviruses, iridoviruses, metaviruses, nimaviruses, nodaviruses, parvoviruses, 
polydnaviruses, poxviruses, pseudoviruses, reoviruses and tetraviruses. However, 
their relevance to the species of origin of the insect cells used in cell banks and 
production was largely unknown at the time of preparing these Guidelines. 
Arboviruses (arthropod-borne viruses) of vertebrates include bunyaviruses, 
flaviviruses, togaviruses, reoviruses (especially orbiviruses), rhabdoviruses 
and asfaviruses. Other adventitious agents may include retrotransposon and 
transmissible spongiform encephalopathy (TSE) agents if bovine serum is used.

Full characterization may be performed on either the MCB or on the 
WCB (12).

A.3.3.3 Other cell substrates
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 (12) 
and Guidelines for assuring the quality of pharmaceutical and biological products 
prepared by recombinant DNA technology for recombinant cells (19).

A.3.4 Recombinant baculovirus master seeds and working seeds
The recombinant baculovirus expression vector contains the coding sequence 
of the recombinant HPV protein antigen. Segments of the expression construct 
should be analysed using nucleic acid techniques in conjunction with other tests 
performed on the purified recombinant protein for assuring the quality and 
consistency of the expressed HPV L1 antigens.

The recombinant baculovirus used in the production of HPV vaccines 
should be identified by historical records, which will include information on 
the origin and identity of the gene being cloned as well as the construction, 
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the genetics and structure of the baculovirus expression vector(s). The genetic 
stability of the expression construct should be demonstrated from the 
baculovirus master seed up to at least the highest level used in production, but 
preferably beyond this level (19, 20).

The production of vaccine should be based on the recombinant 
baculovirus master seed lot and working seed lot system. Recombinant 
baculovirus seed lots should be stored in a dedicated temperature-monitored 
refrigerator at a temperature that ensures stability and security.

Seed lots of recombinant baculovirus used in the production of HPV 
antigens should be identified by historical records, which should include 
information on their origin. Only recombinant baculovirus seed lots that are 
approved by the national regulatory authority should be used. The recombinant 
baculovirus master seed lot is made in sufficient quantities and stored in a secure 
environment and is used as the source material to make the manufacturer’s 
recombinant baculovirus working seed lots. Either the virus master seed lots or 
the virus working seed lots should be fully characterized and tested extensively for 
adventitious agents, and should be approved by the national regulatory authority.

The recombinant baculovirus master seed lot also serves as a benchmark 
with which to compare virus produced by subsequent passage in cell culture.

The manufacturer’s recombinant baculovirus working seed lot is used 
for the production of HPV antigen batches and is prepared from the master 
recombinant baculovirus seed lot. It is recommended that a large lot of virus 
working seed be set aside as the basic material that the manufacturer should 
use for the preparation of each batch of vaccine. The recombinant baculovirus 
working seed lot should be prepared by a defined number of passages from the 
recombinant baculovirus master seed lot by a method and a passage level from 
the original virus seed approved by the national regulatory authority. Once the 
passage level of the working seed lot is established, it may not be changed 
without approval from the national regulatory authority.

A.3.4.1 Control tests on recombinant baculovirus master and working seed lots
A.3.4.1.1 Identity

Each baculovirus master and working seed lot should be identified by HPV type 
of the inserted gene of origin by an appropriate method such as PCR. The tests 
should be approved by the national regulatory authority.

A.3.4.1.2 Sterility tests for bacteria, fungi and mycoplasmas

Each recombinant baculovirus seed lot should also be tested for bacterial, fungal, 
and mycoplasmal contamination by appropriate tests as specified in Part A, 
sections 5.2 (14) and 5.3 (15) of the Requirements for biological substances no. 6. 
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In addition, the recombinant baculovirus seed lot should be tested for insect 
mollicutes (mycoplasma) such as spiroplasma, entomoplasma and mesoplasma.

A.3.4.1.3 Tests for adventitious viruses

Each recombinant baculovirus seed lot should be tested in cell cultures for 
adventitious viruses appropriate to the origin and the passage history of the 
seed baculovirus. For tests on recombinant baculovirus-permissive detector 
cells, neutralization of baculovirus is necessary. Antisera used for this purpose 
should be shown to be free from antibodies that may neutralize specific 
adventitious viruses being tested for. The inoculated cells should be examined 
microscopically for cytopathic changes. However, infection of insect cells may 
not have any cytopathic effect. Tests may include PCR, electron microscopy and 
co-cultivation. At the end of the examination period, the cells should be tested 
for haemadsorbing viruses. It is important to show that recombinant baculovirus 
seeds are free of adventitious agents relevant to the species used in their 
derivation with a special emphasis on potential insect-borne human pathogens 
(e.g. arboviruses). The specificity and sensitivity of assays should be defined and 
approved by the national regulatory authority.

In general, recombinant baculovirus seeds should be assessed for 
absence of adventitious agents that may have been present during their 
production, including those that may be present in the source materials used at 
each of the production stages. Each virus master or working seed lot should also 
be tested in animals that may include guinea-pigs and mice. For details of the 
tests see the Requirements for measles, mumps and rubella vaccines and combined 
vaccines (live) (21).

A.3.4.1.4 Test for mycobacterium spp.

Each recombinant baculovirus seed lot should be tested for mycobacterium spp. 
The test method and specifications should be approved by the national regulatory 
authority.

A.3.4.1.5 Tests on control cells used for production of seeds

Tests on control cell cultures should be undertaken as described in section 
A.4.2.1.

A.3.4.1.6 Recombinant baculovirus concentration

Each recombinant baculovirus seed lot should be assayed for infectivity in a 
sensitive assay in an insect cell culture system. The detailed procedures for 
carrying out the tests and for interpreting the results should be those approved 
by the national regulatory authority.
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A.4 Control of HPV antigen vaccine production
A.4.1 Control of HPV antigen vaccine production up to single harvest in yeast 

expression system
A.4.1.1 Microbial purity
Microbial purity in each fermentation vessel should be monitored at the end of 
the production run by methods approved by the national regulatory authority.

Any agent added to the fermentor or bioreactor with the intention to 
feed cells or to induce or increase cell density should be approved by the national 
regulatory authority.

A.4.2 Control of HPV antigen vaccine production up to single harvest in 
recombinant baculovirus system in insect cells

Cell cultures are inoculated with recombinant baculovirus at a defined 
multiplicity of infection. After adsorption, the cell cultures are fed with 
maintenance medium and incubated within a defined temperature range and for 
a defined period of time.

The range of multiplicity of infection (MOI), temperature, pH and 
incubation period will depend on the insect cell substrate and the specific 
characteristics of the recombinant baculovirus strain. A defined range for the 
MOI should be established by the manufacturer and be approved in the market 
authorization by the national regulatory authority.

A single harvest is harvested within a defined time period post-
inoculation. Several single harvests may be pooled. If multiple single harvests 
are pooled, each single harvest should be sampled for testing, stabilized and 
stored under suitable conditions until pooling. No antibiotics should be added at 
the time of harvesting or at any later stage of manufacturing. Samples of single 
harvest pools should be taken for testing and stored at a temperature of −60 °C 
or below.

A.4.2.1 Tests on control cell cultures
When the cell suspension is used to prepare cell cultures for expression of the 
HPV antigens, an amount of processed cell suspension equivalent to at least 5% 
or 500 ml of cell suspension, whichever is greater, should be used to prepare 
control cultures of uninfected cells. If bioreactor technology is used, the size and 
treatment of the cell sample to be examined should be approved by the national 
regulatory authority.

The control cell cultures should be examined microscopically for the 
morphological changes of the cells attributable to the presence of adventitious 
agents for at least 14 days after the day of inoculation of the production cultures 
or at the time of final virus harvest if this is later. The control cell cultures 
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should be incubated under essentially similar conditions to those used for the 
production cultures, with agreement of the national regulatory authority. For 
insect cells, the above incubation time may not apply due to the specificities of 
cells cultivated in suspension but should be not less than the time of collection 
of the single harvest. At the end of the examination period, fluids collected 
from the control cell culture from each single harvest should be tested for the 
presence of adventitious agents as described below. Samples that are not tested 
immediately should be stored at −60 °C or below.

If any test shows evidence of the presence of adventitious agents in 
control cell cultures, the single harvests prepared from these cultures should not 
be used for HPV antigen production.

For the test to be valid, at least 80% of the control cells should still survive 
by the end of the test period.

A.4.2.1.1 Tests for haemadsorbing viruses

At the end of the observation period, cells comprising no less than 25% of the 
control cells should be tested for the presence of haemadsorbing viruses using 
guinea-pig red blood cells. 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 some countries, the national regulatory authority requires that 
additional tests for haemadsorbing viruses are to be performed using red blood 
cells of other species including from humans (blood group O), monkeys and 
chickens (or other avian species). All tests should be read after incubation for 
30 minutes at 0–4 °C, and again after incubation for a further 30 minutes at 
20–25 °C. The test with monkey red blood cells should be read once more after 
an additional period of incubation for 30 minutes at 34–37 °C.

For cells cultivated in suspension, the test for presence of haemadsorbing 
viruses is not technically feasible. A test for presence of haemagglutinating agents 
using guinea-pig red blood cells is therefore required.

For the tests to be valid, at least 80% of the culture cells should survive 
at the end of the test period.

A.4.2.1.2 Tests for other adventitious agents

At the end of the observation period, a sample of the pooled fluid from each 
group of control cell cultures should be tested for adventitious agents. For this 
purpose, 10 ml of each pool should be tested in the same cells as used for the 
production of virus, but not the same batch of cells, and additional 10-ml samples 
of each pool should be tested in human cells and at least one other sensitive cell 
system.

WHO_TRS_962.indb   68 11/8/11   1:10 PM



Annex 1

69

Each sample should be inoculated into bottles of these cell cultures in 
such a way that the dilution of the pooled fluid in the nutrient medium does 
not exceed 1 in 4. The area of the cells should be at least 3 cm2 per ml of pooled 
fluid. At least one bottle of each kind of cell culture should remain uninoculated 
as a control.

The inoculated cultures should be incubated at the appropriate 
temperature 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 culture cells should survive at 
the end of the test period.

Furthermore, some national regulatory authorities require that these 
cells should be tested for the presence of haemadsorbing viruses.

A.4.2.1.3 Test for identity of insect cells

At the production level, the cells should be identified by means of tests approved 
by the national regulatory authority. Suitable methods include, but are not 
limited to, biochemical tests (e.g. isoenzyme analyses), cytogenetic tests (e.g. for 
chromosomal markers), and tests for genetic markers (e.g. DNA fingerprinting).

A.4.3 Control of HPV antigen vaccine production up to single harvest in 
mammalian cells

Tests on control cells for identity and adventitious agents should be performed 
in accordance with the Requirements for use of animal cells as in vitro substrates 
for the production of biologicals (12).

A.4.4 Control of single harvests
A.4.4.1 Storage and intermediate hold times
Prior to and during the purification process, the cell suspension should be 
maintained under conditions shown by the manufacturer to allow it to retain 
the desired biological activity. Hold times should be approved by the national 
regulatory authority.

A.4.4.2 Tests on single harvest or single harvests pool
If appropriate, tests may be done on a single harvest or on single harvests pools. 
If the tests are done on the single harvests pool, the protocol should be approved 
by the national regulatory authority.

A.4.4.2.1 Sampling

Samples required for the testing of single harvests or single harvests pools should 
be taken immediately on harvesting and before further processing. If the tests for 
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adventitious agents as described in Part A, are not performed immediately, the 
samples taken for these tests should be kept at a temperature of −60 °C or below 
and subjected to no more than one freeze–thaw cycle.

A.4.4.2.2 Sterility tests

Each single harvest or single harvests pool should be shown to be free from 
bacterial and fungal contamination by appropriate tests as specified in Part A, 
section 5.2 of Requirements for biological substances no. 6 (14).

In addition to sterility tests for bacteria and fungi, each single harvest 
or single harvests pool should be shown to be free from mycoplasmal 
contamination by appropriate tests as specified in Part A, section 5.3 of 
Requirements for biological substances no. 6 (15) if insect or mammalian cells 
are used in production.

A.4.4.2.3 Test for identity of HPV types

Each single harvest or single harvests pool should be identified as the appropriate 
HPV type by immunological assay or by a molecular biology-based assay, e.g. 
hybridization or PCR. The tests should be approved by the national regulatory 
authority. Alternatively, the identity can be confirmed as part of testing of the 
purified antigen.

A.4.4.2.4 Tests for adventitious agents if insect or mammalian cells are used in production

For the purposes of the recommendations set out in this section of Part A, the 
volume of each single harvest or single harvest pool taken for neutralization (if 
applicable) and testing should be at least 10 ml and should be such that a total 
of at least 50 ml or the equivalent of 500 doses of final vaccine, whichever is the 
greater, has been withheld from the corresponding final bulk.

Each single harvest or single harvests pool should be tested for 
adventitious viruses in cell cultures selected for their appropriateness to the 
origin and the passage history of the insect cell substrate and recombinant 
baculovirus. Neutralization of recombinant baculovirus is necessary for tests on 
baculovirus-sensitive insect cells because the virus is cytopathic. Antisera used for 
this purpose should be free from antibodies that may neutralize the adventitious 
viruses being tested for. The cells inoculated should be observed microscopically 
for cytopathic changes. At the end of the observation period, the cells should be 
tested for haemadsorbing viruses.

Additional testing for specific adventitious viruses may be performed, 
for example using PCR amplification techniques.

If mammalian cells are used, tests for adventitious agents for single 
harvests should be performed in accordance with the Requirements for use of 
animal cells as in vitro substrates for the production of biologicals (12).

WHO_TRS_962.indb   70 11/8/11   1:10 PM



Annex 1

71

A.5 Control of purified monovalent antigen bulk
The purification process can be applied to a single antigen harvest, part of 
a single antigen harvest or a pool of single antigen harvests. The maximum 
number of harvests that may be pooled should be approved by the national 
regulatory authority. The antigen is purified before adsorption to the mineral 
vehicle. Adequate purification may require several purification steps based on 
different principles and may involve disassembly and re-assembly of VLPs. 
The entire process (sequence of methods) used for the purification of the VLPs 
should be appropriately validated as described in section A.2 and approved by 
the national regulatory authority. Any agent added in the purification process, 
such as Benzonase, should be documented.

The monovalent antigen purified bulk can be stored under conditions 
shown by the manufacturer to allow it to retain the desired biological activity. 
Intermediate hold times should be approved by the national regulatory 
authority.

A.5.1 Tests on the monovalent antigen purified bulk
Monovalent antigen purified bulks should be subjected to the tests listed below. 
Some tests may be omitted if performed on the adsorbed monovalent antigen 
bulk. All quality control release tests and specifications for monovalent antigen 
purified bulk, unless otherwise specified, should be validated and approved by 
the national regulatory authority.

A.5.1.1 Identity
Each monovalent antigen purified bulk should be identified as the appropriate 
HPV antigen type by immunological assay.

A.5.1.2 Purity
The degree of purity of each monovalent antigen purified bulk should be 
assessed by suitable methods. One suitable method of analysing the proportion 
of potential contaminating proteins in the total protein of the preparation is 
separation of the proteins by polyacrylamide gel electrophoresis under reducing 
denaturing conditions. Individual gels should be stained using a suitable dye 
such as Coomassie blue. The protein in each band should be quantified by 
densitometric analysis.

A.5.1.3 Protein content
Each monovalent antigen purified bulk should be tested for the total protein 
content using a suitable method such as the micro-Kjeldahl method, the Lowry 
technique or another suitable method.
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A.5.1.4 Antigen content
The antigen content of the purified preparation may be measured by an 
appropriate method, which is type-specific, until production consistency is 
demonstrated. This test may be omitted if a test for antigen content is performed 
on the adsorbed monovalent antigen bulk.

The ratio of antigen content to protein content may be determined on 
each monovalent antigen purified bulk.

A.5.1.5 Sterility tests for bacteria and fungi
Each monovalent antigen purified bulk should be tested for bacterial and fungal 
sterility according to Part A, section 5.2 of the Requirements for biological 
substances no.  6 (14), or by a method approved by the national regulatory 
authority. Alternatively, this test can be performed on the related adsorbed 
monovalent antigen bulks if the purified bulk is not stored prior to adsorption.

A.5.1.6 Percentage of intact L1 monomer
The percentage of intact L1 protein may be assessed by suitable methods until 
production consistency is demonstrated.

A.5.1.7 VLP size and structure
The size and structure of the VLPs are to be established and monitored until 
production consistency is demonstrated. The specification should be approved 
by the national regulatory authority.

A.5.1.8 Tests for agents used during purification or other phases of manufacture
A test should be done to detect the presence of any potentially hazardous agents 
used during manufacture. This test may be omitted for routine lot release upon 
demonstration that the process consistently eliminates the agent from the 
monovalent antigen purified bulks.

A.5.1.9 Tests for residuals derived from the antigen expression system
The amount of residuals derived from the antigen expression system (e.g. DNA 
or host cell proteins) should be determined in each monovalent antigen purified 
bulk by suitably sensitive methods. The level of host cell DNA should not exceed 
the maximum level cited in the Requirements for use of animal cells as in vitro 
substrates for the production of biologicals (12).

These tests may be omitted for routine lot release upon demonstration 
that the process consistently eliminates the residuals being tested for from the 
monovalent antigen purified bulks.

WHO_TRS_962.indb   72 11/8/11   1:10 PM



Annex 1

73

A.5.1.10 Albumin content
If animal serum is used in mammalian or insect cell cultures for production, 
residual albumin content should be measured.

A.5.1.11 Test for viral clearance
When an insect or mammalian cell substrate is used for the production of 
HPV antigens, the production process should be validated for its capacity to 
eliminate (by removal and/or inactivation) adventitious viruses as described in 
the International Conference on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (ICH) Q5A guidelines (22). This 
testing is performed during vaccine manufacturing development and/or process 
validation and is not intended for use with batch release.

If a replicating viral vector, e.g. baculovirus, is used, the production 
process should be validated for its capacity to eliminate (by removal and/or 
inactivation) residual recombinant virus.

A.6 Adsorbed monovalent antigen bulk
A.6.1 Addition of adjuvant (mineral vehicle)
The antigens may be adsorbed onto a mineral vehicle such as an aluminium salt. 
In that case, the mineral vehicle and the concentration used should be approved 
by the national regulatory authority.

A.6.2 Storage
Until the bulk is formulated into the final bulk, the suspension should be stored 
under conditions shown by the manufacturer to allow it to retain the desired 
biological activity. Hold times should be approved by the national regulatory 
authority.

A.6.3 Tests on adsorbed monovalent antigen bulk
All tests and specifications for adsorbed monovalent antigen bulk, unless 
otherwise specified, should be approved by the national regulatory authority.

A.6.3.1 Sterility tests for bacteria and fungi
Each adsorbed monovalent antigen bulk should be tested for bacterial and 
fungal sterility according to Part A, section 5.2 of the Requirements for biological 
substances no.  6 (14), or by an alternative method approved by the national 
regulatory authority.

A.6.3.2 Bacterial endotoxins
Each adsorbed monovalent antigen bulk should be tested for bacterial endotoxins.

WHO_TRS_962.indb   73 11/8/11   1:10 PM



74

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
62

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-seventh report

A.6.3.3 Identity
Each adsorbed monovalent antigen bulk should be shown to contain the 
appropriate HPV antigen by a type-specific assay. The antigen content test may 
also serve as the identity test.

A.6.3.4 Mineral vehicle concentration
Adsorbed monovalent antigen bulk may be assayed for the content of the 
mineral vehicle until production consistency is demonstrated.

A.6.3.5 Degree of adsorption
The degree of adsorption (completeness of adsorption) of each adsorbed 
monovalent antigen purified bulk should be assessed. This test may be omitted 
upon demonstration of process consistency.

A.6.3.6 pH
The pH value of the adsorbed monovalent antigen bulk may be monitored until 
production consistency is demonstrated.

A.6.3.7 Antigen content
The antigen content of the adsorbed monovalent antigen bulk should be 
measured using appropriate methods, unless tested at the purified antigen bulk 
stage.

A.7 Final vaccine bulk
The final bulk should be aseptically prepared by combination of the adsorbed 
monovalent antigen bulks which pass the tests specified in section A.6.3. The 
antigen concentration in the final formulation should be sufficient to ensure 
the dose which is consistent with that shown to be safe and effective in human 
clinical trials. Should an adjuvant (mineral vehicle or immunostimulant) be 
added to the vaccine formulation, this adjuvant and the concentration used 
should be approved by the national regulatory authority.

The operations necessary for preparing the final bulk vaccine lot should 
be conducted in such a manner as to avoid contamination of the product. In 
preparing the final bulk vaccine, any substances such as diluents, stabilizers 
or adjuvants that are added to the product should have been shown to the 
satisfaction of the national regulatory authority not to impair the safety and 
efficacy of the vaccine at the concentration used. Until the bulk is filled into 
containers, the final bulk suspension should be stored under conditions shown 
by the manufacturer to allow it to retain the desired biological activity.
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A.7.1 Tests on the final bulk vaccine
All tests and specifications for final bulk vaccine, unless otherwise specified, 
should be approved by the national regulatory authority.

A.7.1.1 Sterility tests for bacteria and fungi
Each final bulk vaccine should be tested for bacterial and fungal sterility 
according to Part A, section 5.2 of Requirements for biological substances no. 6 
(14), or by a method approved by the national regulatory authority.

A.7.1.2 Adjuvants
Each final bulk should be assayed for the content of adjuvants. The method used 
and the concentrations permitted should be approved by the national regulatory 
authority.

Where aluminium compounds are used, the content of aluminium should 
not be greater than 1.25 mg per single human dose.

An example of a suitable test for immunostimulants such as MPL is gas 
chromatography.

Tests for adjuvants may be conducted on each final vaccine lot derived 
from the final bulk.

A.7.1.3  Degree of adsorption
The degree of adsorption (completeness of adsorption) of each antigen present 
in each final vaccine bulk should be assessed.

This test may be omitted upon demonstration of the process consistency 
or if performed on the final vaccine lot.

A.7.1.4 Preservative content
The final bulk may be tested for the presence of preservative if added. The 
method used and the permitted concentration should be approved by the 
national regulatory authority.

A.7.1.5 Potency
If an in vivo potency test is used, this test may be performed on the final bulk. The 
method for detection of 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 limits of potency. The national regulatory authority should approve 
the reference preparation used.

This test may be conducted on each final vaccine lot derived from the 
final bulk. If an in vitro potency test is performed, it should be performed on 
every final vaccine lot.
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A.8 Filling and containers
The requirements concerning filling and containers given in Good manufacturing 
practices for biological products (11) should apply to vaccine filled in the final 
form.

Care should be taken to ensure that the materials of which the container 
and, if applicable, the 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.9 Control tests on final vaccine lot
Samples should be taken from each final vaccine lot for the following tests. 
They should be tested and fulfil the requirements discussed below in this 
section. All the tests and specifications including methods used and permitted 
concentrations under this section, unless otherwise specified, should be 
approved by the national regulatory authority.

A.9.1 Inspection of containers
Each container of each final vaccine lot should be inspected visually and those 
showing abnormalities should be discarded.

A.9.2 Appearance
The appearance of the vaccine should be described with respect to the form and 
colour observed in a visual inspection. 

A.9.3 Identity
All antigens present in final vaccine lot should be identified in each final 
container lot by appropriate methods. The potency test may serve as the 
identity test.

A.9.4 Sterility tests for bacteria and fungi 
Each final lot should be tested for bacterial and fungal sterility according to the 
requirements in Part A, section 5.2 of Requirements for biological substances 
no. 6 (14), or by acceptable methods.

A.9.5 pH and osmolarity
The pH value and osmolarity of a pool of final containers should be tested.
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A.9.6 Preservatives
Each final lot should be tested for the presence of preservative, if added.

A.9.7 Test for pyrogenic substances
Each final lot should be tested for pyrogenic substances. Where appropriate, tests 
for endotoxin should be performed. However, where there is interference in the 
test, for example because of the addition of an immunostimulant such as MPL, 
a test for pyrogens in rabbits should be performed. The test is conducted until 
consistency of production is demonstrated.

A.9.8 Adjuvant content
Each final vaccine lot should be assayed for the mineral vehicle content. Where 
aluminium compounds are used, the content of aluminium should not be greater 
than 1.25 mg per single human dose.

Should an immunostimulant be present, each final vaccine lot should be 
assayed for immunostimulant content.

A.9.9 Protein content
The protein content should be determined. Alternatively this may be calculated 
from an earlier process intermediate.

A.9.10 Degree of adsorption 
The degree of adsorption (completeness of adsorption) of each antigen present in 
each final vaccine lot should be assessed and the limits approved by the national 
regulatory authority.

This test may be omitted for routine lot release upon demonstration of 
product consistency.

A.9.11 Potency 
The potency of each final vaccine lot should be assessed with an appropriate 
method in vivo or in vitro and the limits approved by the national regulatory 
authority. Alternatively, if an in vivo potency test is used, this test may be 
performed on the final bulk.

If an in vivo test is used, the method 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 limits of potency should be 
agreed with the national regulatory authority. The national regulatory authority 
should approve the reference preparation used.

If an in vitro test is used, an appropriate test for antigen potency should 
be performed on samples representative of the final vaccine lot. The method 
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of testing for antigen potency could be quantitative with respect to the antigen 
content or relative to a reference preparation and should be appropriately 
validated.

Because of the diversity in the reactivity of vaccines containing HPV 
VLPs produced by different manufacturing techniques and to which different 
adjuvants have been added, it is unlikely that an International Standard for each 
HPV type will be suitable for the standardization of assays. Manufacturers should 
therefore establish a product-specific reference preparation which is traceable to 
efficacy as demonstrated in clinical trials.

A.9.12 General safety (innocuity) test 
Each final lot should be tested for unexpected toxicity (sometimes called 
abnormal toxicity) using a general safety (innocuity) test.

It is worth noting that this test is the only in vivo test for the vaccine 
product to be done before administration to humans if an in vivo potency test is 
not performed.

If an in vivo potency test is performed for each final lot, it would be 
worthwhile to explore whether the in vivo potency test can replace this test 
thus reducing the number of animals required for in vivo testing, although the 
purpose and dose regimen of the in vivo potency test are clearly different from 
those of the general safety test.

This test may be omitted for routine lot release once consistency of 
production has been well 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.10 Records
The requirements given in section 8 of Good manufacturing practices for biological 
products (11) should apply.

A.11 Retained samples
The requirements given in section 9 of Good manufacturing practices for biological 
products (11) should apply.

A.12 Labelling
The requirements given in section 7 of 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 recombinant yeast cells or 
recombinant baculovirus/insect cells; or
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 ■ the genotype of HPV, from which L1 VLP was derived, present in 
the preparation;

 ■ potency per dose;
 ■ 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.13 Distribution and transport
The requirements given in section 8 of Good manufacturing practices for biological 
products (11) should apply.

A.14 Stability testing, storage and expiry date
A.14.1 Stability testing
Adequate stability studies form an essential part of vaccine development. 
The stability of the vaccine in its final form and at the recommended storage 
temperatures should be demonstrated to the satisfaction of the national 
regulatory authority on final containers from at least three lots of final product.

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

A.14.2 Storage conditions
The final container vaccine should be kept at +2  °C 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 maintain its 
potency for a period equal to that between the date of release and the expiry date. 
During storage, liquid vaccines should not be frozen.

A.14.3 Expiry date
The expiry date should be fixed upon the approval of the national regulatory 
authority, and should take account of the experimental data on stability of 
the vaccine.
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Part B. Nonclinical evaluation of recombinant HPV VLP 
vaccines
Nonclinical evaluation of HPV vaccines should be based on the Guidelines on 
nonclinical evaluation of vaccines (1). These guidelines will apply to already 
developed vaccines when one or more additional types are added. They will also 
apply to new vaccines, with and without additional types compared to those 
included in the vaccines already available. The following specific issues should be 
considered in the context of the development of an HPV L1 VLP-based vaccine.

B.1 Pharmacological studies
There is no adequate, relevant animal model for HPV infection, as the 
papillomaviruses are species-specific. The proof-of-concept for the use of L1 
VLPs-based vaccines has been demonstrated in animal protection models using 
“homologous” viruses, such as rabbit cottontail papillomavirus. These preclinical 
challenge studies in various animal models have indeed demonstrated that L1 
VLPs are potent immunogens that induce high titres of neutralizing antibodies 
and protect against associated lesions. Furthermore, transfer of serum from 
animals vaccinated with L1 VLP provided protection in nonvaccinated animals 
challenged with the virus.

Based on these data:

 ■ No further proof-of-concept studies need to be performed for 
monovalent or multivalent HPV L1 VLP vaccine.

 ■ Neutralizing antibodies are probably the primary mediator of this 
protection. It seems unlikely that CMI is involved as a direct effector 
mechanism of protection.

It is recommended that the pharmacodynamic properties of an L1 VLP-
based vaccine be assessed through immunogenicity studies (in rodents and 
possibly in non-human primates), which should take into account:

 ■ the evaluation and characterization of the neutralizing antibodies 
induced against each of the HPV L1 VLP types included in the 
proposed vaccine;

 ■ in the case of the inclusion of a specific adjuvant in the vaccine, the 
desired immune response (humoral and/or cellular, e.g. involvement 
of T-helper cells or induction of specific memory cells) should be 
supported by suitable studies in relevant species;

 ■ the potential need to evaluate other antibody (e.g. mucosal) 
responses and/or cellular immune responses, to characterize the 
immune response in more depth; 
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 ■ the generation of supportive data with respect to the relative ratio 
of the vaccine components.

B.2 Safety pharmacology studies
As no effects other than on the immune system are expected with HPV vaccines, 
based on the absence of specific toxins, safety pharmacological studies are 
not required.

B.3 Toxicology studies
Toxicology studies should be undertaken in accordance with the WHO 
guidance (1). Such studies should reflect the intended clinical use of the vaccine 
and may include the administration of doses prior to and during pregnancy (1). 
Because the target population for the HPV vaccines includes women of child-
bearing age, reproductive and developmental toxicity studies are required.

In the case that a novel adjuvant is introduced with the HPV vaccine, 
the adjuvant needs to be fully characterized with adequate pharmacological and 
toxicological studies taking into account existing guidelines.

If a novel cell substrate is used for the production of an HPV VLP 
vaccine, safety aspects, in particular, any immune response elicited by 
residual host cell proteins, should be investigated, including the potential for 
hypersensitivity reactions to occur.

Part C. Clinical evaluation of recombinant HPV VLP 
vaccines
This section covers:

 ■ general recommendations for the assessment of immune responses 
to HPV VLP vaccines;

 ■ considerations for the design of studies of protective efficacy. This 
section briefly describes the clinical development programmes for 
the first two vaccines to have been developed. Consideration is then 
given to how the protective efficacy of any future HPV VLP vaccines 
containing types 16 and 18 (with or without types 6 and 11) and any 
HPV VLP vaccines containing HPV types not included in the first 
two vaccines to be developed might be assessed;

 ■ the design of studies intended to bridge efficacy as demonstrated 
in sexually active young adults to other populations by means of 
comparisons of immune responses; 

 ■ points to consider for the assessment of safety during clinical 
studies; and
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 ■ issues that should feature in plans to monitor safety and effectiveness 
in the post-licensure period.

Note that:

 ■ While this section covers some of the issues that are specific to HPV 
VLP vaccines, the Guidelines on the clinical evaluation of vaccines: 
regulatory expectations (2) are considered applicable.

 ■ At the time of preparing this guidance, the first two HPV VLP 
vaccines were still undergoing regulatory review in many countries 
and had so far only received a limited number of approvals.

 ■ There is currently no international consensus regarding how future 
HPV VLP 16 and 18 (with or without 6 and 11) vaccines should be 
evaluated for their protective efficacy or how the likely protective 
efficacy of HPV VLP vaccines that contain HPV types other than 
16 and 18 (with or without 6 and 11) might be assessed. Therefore, 
any manufacturers who are considering developing such vaccines 
are strongly recommended to seek appropriate regulatory guidance 
before embarking on clinical development programmes. This 
document can only discuss some of the approaches that might 
be considered.

C.1 Immune responses to the vaccine
C.1.1 Assays
The initial assessment of immune responses to HPV VLP vaccines should 
be based on measurement of neutralizing antibodies in serum. Although it is 
not considered necessary to attempt to measure antibody responses in other 
body fluids (e.g. cervical mucosal fluid), exploratory studies are encouraged. It 
should be noted that at the time of preparing this guidance there was a lack of 
standardization of neutralizing antibody assays although WHO is coordinating 
work in this area. Therefore, careful validation of in-house methods is needed.

In vitro neutralization tests involve measurement of the inhibition of 
HPV infection of cultured cells and usually employ pseudovirions carrying 
a marker plasmid to allow infection to be scored easily. These assays detect 
antibodies most likely to be relevant to protection. However, they are complex 
and labour-intensive and not amenable to high throughput.

Competitive immunoassays utilizing neutralizing monoclonal antibodies 
that bind to conformational epitopes on L1 are sensitive, type-specific and do 
not measure antibodies to denatured L1 protein. However, only a subset of the 
total anti-VLP antibodies are measured as binding to only one neutralizing 
epitope is monitored. Therefore, the results may under-represent the total level 
of protective antibodies.
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HAI measures potentially protective antibodies but it is relatively 
insensitive and will assay only the subset of neutralizing antibodies that block 
cell surface binding. HAI will also measure antibodies to denatured L1 protein.

Once the neutralizing antibody response has been well characterized 
(see below), the sequential use of alternative assay methods, such as EIA, may 
be proposed. However, the routine use of EIA to assess specific antibody levels 
would have to be supported by a detailed analysis of the correlation between 
results obtained with EIA and those obtained with neutralization tests. These are 
simple and sensitive assays but they do not distinguish between neutralizing and 
non-neutralizing antibodies.

C.1.2 Characterization of the immune response
The following matters should be addressed:

 ■ The kinetics of antibody responses (i.e. changes in antibody levels 
over time) to each major antigen of the vaccine should be described. 
As mentioned above, the focus should be on demonstrating 
functional antibody responses in sera. It is not considered necessary 
for antibody classes or subclasses to be determined.

 ■ Neutralizing antibody responses to vaccination should be compared 
to responses to natural infection for specific HPV types.

 ■ Antibody responses to vaccination should be compared between 
individuals seronegative for each specific HPV type included in 
the vaccine and individuals who are already seropositive for each 
individual type before the first dose.

 ■ Data should be provided on increments in antibody levels after each 
dose of vaccine to support the choice of regimen that will be used in 
subsequent confirmatory clinical studies.

 ■ The potential for immune interference between HPV VLP vaccines 
and other routine vaccines that might need to be given at the same 
time for the sake of convenience should be investigated in order to 
make recommendations regarding concomitant use.

 ■ The ability of a vaccine to elicit cross-reacting neutralizing antibody 
should be assessed i.e. elicitation of neutralizing antibody to HPV 
types other than those included in the vaccine. The extent of these 
experiments may be limited depending on the existing knowledge 
regarding the relatedness of certain HPV types to each other.

 ■ If additional HPV VLP types are added to an approved vaccine, 
any effects of the extra types on immune responses to the VLPs 
previously included should be assessed.
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 ■ If the vaccine contains a novel adjuvant, the effect of this on the 
immune response (humoral and/or cellular, e.g. involvement of 
T-helper cells or induction of specific memory cells) should be 
investigated.

 ■ Induction of immune memory should be assessed by evaluating 
immune responses to additional doses of vaccine administered at 
planned intervals following completion of the primary series.

 ■ Long-term follow-up of antibody levels (e.g. up to 10 years) in 
vaccinated cohorts will be important. In conjunction with data 
on effectiveness these serological data may be used to help assess 
whether booster doses are needed and, if so, when. Special attention 
should be paid to characterizing the immune status, including type-
specific antibody levels, in any breakthrough cases that might occur.

At the time of preparing this guidance no immunological correlate of 
short-term or long-term protection (ICP) had been established for any HPV VLP 
type. Plans should be in place to explore data on longer term immune responses 
ongoing in the cohorts studied for protective efficacy and/or effectiveness in 
order to attempt to identify an ICP. If an ICP were to be identified for a specific 
HPV type it should be noted that the ICP identified might not necessarily be 
applicable to all other HPV types.

Currently, the lack of an ICP hinders the derivation of clinically 
meaningful criteria to be used in assessments of immune interference or 
comparisons of immune responses between populations (see also section C.3). 
Therefore it is recommended that such studies should evaluate both differences 
in seroconversion rates and geometric mean titres.

C.2 Studies of protective efficacy
C.2.1 Vaccines developed to date
Cervical cancer was not considered to be a feasible primary efficacy variable for 
the conduct of confirmatory studies of efficacy with HPV VLP vaccines. This is 
because of the long study duration that would be needed to obtain enough cases 
to make a judgement of efficacy. Therefore, the focus of the clinical development 
programmes with respect to the evaluation of protective efficacy conferred by 
inclusion of HPV VLPs of types 16 and 18 in vaccines has been the prevention of 
CIN 2 and 3 together with AIS due to these types (23–25).

Since the first two HPV VLP vaccines have been developed over 
approximately the same period and no licensed vaccine against HPV-related 
diseases has been available during that period, it has been ethically possible to 
compare each of these vaccines with a placebo-treated control group (or in some 
cases other unrelated vaccines have been administered to the control group).
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Efficacy can only be assessed in an at-risk population. Therefore, sexually 
active women between approximately 15 and 26 years of age were enrolled into 
these studies.

However, it must be stressed that HPV VLP vaccines are intended to 
be used prophylactically. That is, they are to be given to individuals before 
they might become naturally infected with the HPV types included in the 
vaccines. Therefore, section C.3 considers the design of studies intended to 
support the extrapolation of efficacy as demonstrated in sexually active young 
females to children and adolescents before sexual debut by means of comparing 
immune responses.

In contrast, due to observed lower immune responses to HPV 
VLP vaccines in women older than about 26 years, studies that employ 
immunogenicity data to bridge efficacy from younger females are not 
appropriate. Therefore, current studies in women older than 26 years are 
focusing primarily on the prevention of CIN2/3 or AIS.

In light of the above considerations for prophylactic use, some studies 
have allowed enrolment only of women who were seronegative and PCR 
negative at the screening visit for types 16 and 18 while others have allowed 
the inclusion of women who were already PCR-positive and/or seropositive for 
types 16 and/or 18.

The primary analyses of these studies have compared the incidence 
of CIN2/3 and AIS in the vaccinated group with that in the placebo-treated 
group. Although it would be more usual to consider the intention-to-treat 
(ITT) population as primary in placebo-controlled studies, HPV VLP vaccines 
were developed for prophylactic use. Therefore, the primary analysis has been 
based on rates of CIN2/3 and AIS associated with vaccine HPV types that have 
occurred in women who showed no evidence of infection with the relevant 
vaccine types before vaccination and who received all three vaccine doses 
approximately on schedule. Thus the primary analysis is based on what may be 
deemed “true vaccine failures” and this is an appropriate approach.

However, in studies in which women, regardless of whether or not 
they had an HPV infection or cervical disease, were allowed to be enrolled and 
were vaccinated and followed up, valuable information regarding what may be 
expected from these vaccines may be gained from secondary and/or exploratory 
analyses in populations defined according to their infection status at baseline. 
The results so far have indicated that women already infected with either type 16 
or 18 can be protected against development of CIN2/3 or AIS associated with the 
other type by vaccination. Very importantly, the data available thus far indicate 
that HPV VLP vaccines have no therapeutic effect.

Secondary efficacy variables that have been explored in some but not all 
studies have included:
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 ■ high grade vulvar precancerous lesions (VIN 2/3);
 ■ high grade vaginal precancerous lesions (VaIN 2/3);
 ■ low grade cervical dysplasia (CIN 1); 
 ■ anal carcinoma; 
 ■ persistent infection causally related to HPV types 6, 11, 16 and 18;
 ■ persistent infection, dysplasia and neoplasia associated with HPV 

types other than 16 or 18;
 ■ condyloma acuminata (genital warts) causally related to type 6 or 11; 

and
 ■ incident infections with HPV of types included in or not included 

in the vaccines. (It should be noted that although data on incident 
infection have been explored, this is not considered to be an 
appropriate end-point.)

With regard to persistent infection, at the time of preparing this guidance 
there was no international consensus on a definition for HPV persistence based 
on detection of HPV DNA by restricted PCR. Various authors have proposed 
that the definition might be based on detection of the same HPV type in 
cervicovaginal samples taken 6, 12 or 18 months apart. Currently, as more data 
on histological end-points and viral persistence are being obtained over a period 
of at least 12 months, attempts are being made to further evaluate the correlation 
between the continued detection of an oncogenic HPV type and the development 
of pre-cancerous lesions and cervical cancer. Therefore, the matter of a potential 
definition for viral persistence and the correlation with histological changes 
should be kept under close review.

In relation to the potential for any cross-protection conferred by HPV VLP 
vaccines against types not included in the product, it should be noted that there is 
currently no established definition for cross-protection. Therefore, no definitive 
criteria exist for supporting a claim for cross-protection. As already mentioned, 
cross-neutralization studies with sera from vaccinees may suggest some potential 
for cross-protection, but these data cannot be used to predict efficacy against 
non-vaccine types. Therefore efficacy data are needed to demonstrate the 
potential for cross-protection. This may be explored by looking at

 ■ incidences of morphological lesions (such as CIN of any grade, 
CIN2/3 or AIS) due to the types in question (however, the numbers 
of cases of CIN2+ associated with HPV types other than 16 and 18 
are small); and/or

 ■ viral persistence (see above).
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In studying the vaccine in which HPV VLPs of types 6 and 11 are also 
included, the incidence of external genital warts (condyloma acuminata) in 
vaccinated individuals compared to those treated with a placebo has been 
the focus of the assessment of protective efficacy. In this case the assessment 
of efficacy may be made in both males and females but the results should be 
examined separately.

C.2.2 New vaccines containing HPV VLPs of types 16, 18 (with or without 6 
and 11)

The approaches to the evaluation of new vaccines containing at least types 16 and 
18 might take into account the following:

 ■ A placebo-controlled study of a new vaccine containing types 16 and 18 
would no longer be possible once there had been widespread approval 
of the first two vaccines to be developed. However, not all countries 
will implement HPV vaccination as part of their routine vaccination 
programmes. Therefore, depending on local ethical considerations, 
it might be possible to identify a country or countries in which HPV 
VLP vaccines are not being used routinely and perform a study in 
which the protective efficacy of the novel vaccine can be compared 
with an unvaccinated (i.e. standard of care) contemporaneous control 
group. It may be necessary to limit the duration of such a study so that 
the unvaccinated group can be offered the vaccine after a prescribed 
period of time. Also, a public health decision to introduce routine 
HPV vaccination would necessarily end such a study.

 ■ In light of the concerns mentioned above, it might be preferable 
to perform a study in which the vaccinated cohort is resident in 
a country or countries that have excellent historical data (e.g. 
national registry data) that could be used instead of an unvaccinated 
contemporaneous control group.

 ■ Studies that compare the relative efficacy of the novel vaccine to that 
of a licensed vaccine containing types 16 and 18 using histological 
end-points could be considered. However these studies are unlikely 
to be feasible since very large numbers of participants would need 
to be enrolled to allow reliable statistical analyses based on a non-
inferiority study design.

 ■ A prospective study using a virological end-point such as persistent 
HPV infection as detected in cervico-vaginal samples could compare 
the novel vaccine with an approved vaccine, although the numbers of 
participants involved would again probably have to be very large to 
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provide reliable statistical results. In addition, if such a proposal was 
to be considered acceptable by the regulatory authorities it would be 
anticipated that a commitment would have to be made to gather data 
on histological end-points as a long-term follow-up obligation in the 
post-licensure period.

The inclusion of HPV types 6 and 11 in a novel vaccine, or the addition 
of these types to an existing vaccine that contains types 16 and 18, could be 
supported by data comparing the incidence of condyloma acuminata in groups 
administered the vaccine that contains types 6 and 11 with data on recipients of 
a vaccine containing only types 16 and 18.

C.2.3 Vaccines containing HPV VLPs of other types
Such vaccines may result from:

 ■ addition of HPV types (other than 6 and 11, see above) to an 
approved vaccine containing at least types 16 and 18; or

 ■ de novo development of a vaccine containing other HPV VLP types 
(it is assumed below that this will be in addition to at least types 16 
and 18).

This section is relevant to the addition of oncogenic HPV types capable 
of producing cancerous lesions of the cervix if left untreated. It should therefore 
be taken into consideration that some of these types commonly cause incident 
infections and are often found in association with low grade histological lesions 
(CIN 1) but are much less commonly found in association with CIN2/3 or 
AIS than types 16 and 18. These features seem to reflect a difference in natural 
histories of infections between HPV types. Thus a pre-licensure assessment based 
on a CIN2/3 or AIS end-point is unlikely to be feasible.

The approaches to the evaluation of new vaccines containing additional 
HPV types to 16 and 18 might include:

 ■ Comparison of rates of persistent HPV infection with each of the 
additional types based on detection in cervico-vaginal samples 
between a group that receives the novel vaccine and a group that 
receives an approved vaccine containing types 16 and 18. Thus, 
the comparison group represents a placebo group with respect to 
the additional types. An exploration of the impact on low-grade 
histological lesions could be included. Long-term follow-up (i.e. 
post-licensure) for impact on combined high-grade histological 
lesions associated with the added HPV types would be an important 
and necessary commitment.

WHO_TRS_962.indb   88 11/8/11   1:10 PM



Annex 1

89

 ■ If an ICP is established (for one or more HPV types (see above)) 
it might be possible to base an initial approval on immunological 
responses to the added types. However, a post-licensure commitment 
to follow histological lesions would again be essential.

It would be important to assess any negative effect of adding 
HPV VLP types to types 16 and 18. This should already have been assessed 
serologically (see C.1) but also needs to be assessed by following up vaccinees 
for histological lesions and for persistent infection with types 16 and 18 in the 
post-licensure period.

If there are already data to suggest that the HPV VLPs of types 16 and 18 
in the vaccine might confer some degree of cross-protection (see above) against 
certain other HPV types then justification for inclusion of these other types 
should be provided.

C.3 Bridging efficacy by means of immunogenicity data
As discussed in section C.2, for reasons of feasibility, studies of protective 
efficacy have been performed in sexually active young women enrolled into 
large, multi-country studies. It is already clear from such studies that, to achieve 
their full potential, these vaccines should be given before individuals encounter 
oncogenic HPV types. In order to support the possibility of administering 
a complete primary vaccination course before sexual debut is likely to occur, 
immunogenicity data may be compared between cohorts of sexually active 
women (e.g. aged 15–26 years), who have been studied for protective efficacy, 
and younger individuals. Since there is a potential for these vaccines to be 
administered to pre-adolescent or adolescent males as well as females it would 
be appropriate for data on immune responses to vaccination to be obtained from 
both males and females and compared between them.

It is not considered necessary for efficacy data to be bridged by means 
of immunogenicity studies between healthy women studied for efficacy and 
similar individuals resident in parts of the world in which studies may not 
have been conducted. However, bridging studies based on immunogenicity 
data might be applicable for the evaluation of possible protective efficacy in 
immunocompromised people, including those with HIV infection or with 
chronic illnesses.

The current lack of an ICP raises some difficulties regarding the 
assessment criteria for the demonstration of non-inferiority in bridging studies, 
which should be carefully justified. Since seroconversion rates to types 16, 
18, 6 and 11 have been extremely high, the comparison may need to focus 
on geometric mean titres (GMTs). In addition, it is recommended that the 
comparisons should be based on neutralizing antibody titres at least in a subset 
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of the total numbers vaccinated rather than wholly basing the comparisons on 
data generated with EIA.

C.4 Vaccine safety
The Guidelines on the clinical evaluation of vaccines: regulatory expectations (2) 
are applicable to the general evaluation of the safety of HPV VLP vaccines. This 
section covers only some of the issues that are specific to HPV VLP vaccines.

It is important that safety data regarding local and systemic reactogenicity 
are collected for adequate periods of time after each dose and that the total 
duration of follow-up for safety is justified. There should be plans in place to 
assess long-term safety by means of extended follow-up of cohorts into the post-
licensure period as appropriate.

Some important issues to be addressed with regard to HPV VLP vaccines 
are as follows:

 ■ Safety should be assessed in people who are seronegative and 
people who are seropositive for one or more of the HPV types 
included in the vaccine before the first dose. This information has 
practical applications since vaccinees will not be screened for past 
exposure to HPV before vaccination is commenced during routine 
immunization programmes.

 ■ Adequate safety data should be obtained to support the potential 
for administration of the primary series to individuals before their 
sexual debut.

 ■ Information on the outcomes of any accidental pregnancies that 
occur during clinical studies should be actively sought and carefully 
documented and assessed.

 ■ There should be careful monitoring of infants (e.g. for growth and 
general health measures) who are breastfed at some time during a 
primary vaccination series administered to the mothers.

 ■ If a novel cell substrate is used for the production of an HPV VLP 
vaccine and preclinical and/or clinical investigations have shown 
that an immune response is elicited to one or more residual host 
cell proteins then the potential implications for vaccine safety (e.g. 
the possibility that hypersensitivity reactions could occur) should 
be explored.

C.5 Postmarketing studies and surveillance
The following issues should be addressed in specific plans for the post-licensure 
assessment of HPV VLP vaccines:
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 ■ Long-term follow-up of antibody status at least in selected cohorts of 
vaccinated people, including adult women and representative cohorts 
from any population to which efficacy was bridged by means of 
comparison of immune responses. This will be particularly important 
for those who were first vaccinated before sexual debut since it is not 
known whether any protection afforded by vaccination will persist up 
to and beyond the onset of sexual activity.

 ■ Effectiveness in terms of prevention of CIN2/3, AIS and cervical 
carcinoma should be assessed in the longer term. This may be achieved 
by making use of existing screening programmes, cancer registries, 
long-term follow-up of women enrolled into clinical studies that 
employed histological end-points and targeted effectiveness studies 
in specific countries or areas where routine vaccination is introduced 
and there is an appropriate infrastructure in place to collect sound 
data. Such data, in conjunction with serological follow-up, will help 
to determine the need for and timing of booster doses. Ultimately, 
it may also be possible to identify an ICP based on accumulation of 
such data.

 ■ Studies of effectiveness should also include virological assessments 
in order to establish whether widespread use of vaccines containing 
types 16 and 18 might lead to replacement of these as the 
predominant oncogenic HPV types in humans. These data may also 
provide further information on the potential for types 16 and 18 to 
confer some degree of cross-protection against other HPV types.

 ■ It is possible that vaccine distribution issues could lead to some 
individuals receiving more than one HPV VLP vaccine product to 
complete the primary series. This practice cannot be recommended 
owing to the current lack of data. However, if this does occur on a 
large scale in a particular country or region, public health authorities 
should take the opportunity to collect data on the outcome in terms 
of safety and effectiveness.

 ■ It is currently anticipated that vaccination with HPV VLP vaccines 
will not be recommended in women known to be pregnant since 
there is no urgent need to vaccinate that would justify such use. 
However, inadvertent pregnancies will occur as happened during 
clinical studies. Detailed assessments should be made of pregnancies 
that occur during administration of a primary series with proactive 
follow-up to document the outcomes.
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Part D. Guidelines for national regulatory authorities
D.1 General
The general recommendations for control laboratories given in the Guidelines 
for national authorities on quality assurance for biological products (26) should 
apply. These guidelines specify that no new biological substance should be 
released until consistency of manufacturing and quality as demonstrated by 
a consistent release of batches has been established. The detailed production 
and control procedures and any significant changes in them should be 
discussed with and approved by the national regulatory authority. For control 
purposes, the national regulatory authority should obtain the working reference 
from manufacturers.

D.2 Release and certification
A vaccine lot should be released only if it fulfils the national requirements 
and/or Part A of the present Guidelines. A protocol based on the model 
given in Appendix 1, signed by the responsible official of the manufacturing 
establishment, should be prepared and submitted to the national regulatory 
authority in support of a request for release of vaccine for use.

A statement signed by the appropriate official of the national control 
laboratory should be provided if requested by a manufacturing establishment 
and should certify whether or not the lot of vaccine in question meets all 
national requirements, as well as Part A of these Guidelines. 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 determination of antigen concentration as well as 
expiry date assigned on the basis of shelf-life should be stated. A copy of the 
official national release document should be attached. The certificate should 
be based on the model given in Appendix 2. The purpose of the certificate is 
to facilitate the exchange of recombinant human papillomavirus VLP vaccines 
between countries.
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Appendix 1

Model summary protocol for manufacturing and control 
of recombinant human papillomavirus virus-like particle 
vaccine

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 must 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 
guidelines on a particular product should be given in the protocol submitted.

The section concerning the final product must 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 must 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 this 
WHO Guidelines document.

1. Summary information on the finished product (final lot)
International name:  
Trade name:  
Batch number(s):

Finished product (final lot):  
Final bulk:  

Type of container:  
Total number of containers in this batch:  
Number of doses per container:  
Composition (antigen concentration)/volume of  

single human dose:  
Date of expiry:  
Storage temperature:  

WHO_TRS_962.indb   98 11/8/11   1:10 PM



Annex 1

99

Product licence (marketing authorization) number:  
Name and address of manufacturer:  
Name and address of product licence holder  

if different:  

2. Production information
Batch number of each monovalent bulk:  
Site of manufacture of each monovalent bulk:  
Date of manufacture of each monovalent bulk:  
Site of manufacture of final bulk:  
Date of manufacture of final bulk:  
Site of manufacture of finished product:  
Date of manufacture of finished product:  

A genealogy of the lot numbers of all vaccine components used in the formulation 
of the final product will be informative.

The following sections are intended for the reporting of the results of the 
tests performed during the production of the vaccine.

3. Starting materials
The information requested below is to be presented on each submission. Full 
details on master and working seed-lots and cell banks are requested upon first 
submission only and whenever a change has been introduced.

3.1  Cell banks
Source of HPV antigen (expression system):  
Master cell bank (MCB) lot number and  

preparation date:  
Population doubling level (PDL) of MCB:  
Date of approval of protocols indicating compliance  

with the requirements of the relevant monographs  
and with the marketing authorization:  

Manufacturer’s working cell bank (MWCB) lot  
number and preparation date:  

Population doubling level (PDL) of MWCB:  
Date of approval of protocols indicating compliance  

with the requirements of the relevant monographs  
and with the marketing authorization:  

Production cell lot number:  
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Identification of cell substrate
Method:  
Specification:  
Date:  
Result:  

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 or serum):  

3.2. Virus seed lots if a recombinant baculovirus expression vector is useda

Virus strain and reference number used to prepare  
the licensed HPV vaccine:  

Master seed lot number and preparation date:  
Number of passages between two seeds  

mentioned above:  
Date of approval of protocols indicating compliance  

with the requirements of the relevant monographs  
and with the marketing authorization:  

Working seed lot number and preparation date:  
Passage level from master seed lot:  
Date of approval of protocols indicating compliance  

with the requirements of the relevant monographs  
and with the marketing authorization:  

Each seed lot should be tested for the following:

Identity
Method:  
Specification:  
Date:  
Result:  

Bacteria and fungi
Method:  
Media:  

a Sufficient detail should be provided for any additional “sub” working seed lots including the passage level 
from the master seed and the length and conditions of storage if any.

WHO_TRS_962.indb   100 11/8/11   1:10 PM



Annex 1

101

Volume inoculated:  
Date test on:  
Date test off:  
Result:  

Mycoplasmas, spiroplasma, entomoplasma and mesoplasma
Method:  
Media:  
Volume inoculated:  
Date test on:  
Date test off:  
Result:  

Adventitious agents
Method:  
Specification:  
Date:  
Result:  

Mycobacterium spp. (if applicable)
Method:  
Media:  
Volume inoculated:  
Date test on:  
Date test off:  
Result:  

Recombinant baculovirus concentration
Method:  
Specification:  
Date:  
Result:  

3.3 Control cell cultures if mammalian or insect cells are used for 
production

Provide information on control cells corresponding to each single harvest.

Ratio or proportion of control to  
production cell cultures:  

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

Karyotype:
Method:  
Probe:  
Reference cells:  
Date test on:  
Date test off:  
Result:  

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

Haemadsorbing viruses
Type(s) of red blood cell (RBC):  
Storage time and temperature of RBC:  
Incubation time and temperature of RBC:  
Percentage cultures tested:  
Date test on:  
Date test off:  
Result:  

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

Type of simian cells:
Quantity of sample inoculated:  
Incubation temperature:  
Date test on:  
Date test off:  
Percentage of viable culture at the end:  
Result: 
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Type of human cells:
Quantity of sample inoculated:  
Incubation temperature:  
Date test on:  
Date test off:  
Percentage of viable culture at the end:  
Result:  

Type(s) of other diploid cells:
Quantity of sample inoculated:  
Incubation temperature:  
Date test on:  
Date test off:  
Percentage of viable culture at the end:  
Result:  

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

Mycoplasmas
Method:  
Media:  
Volume inoculated:  
Date test on:  
Date test off:  
Result:  

4. Single harvests (or pools)
Batch number(s):  
Date of inoculation:  
Date of harvesting:  
Volume(s) of fermentation paste, storage temperature,  

storage time and approved storage period:  

Culture purity or sterility for bacteria and fungi
Method:  
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Media:  
Volume inoculated:  
Date test on:  
Date test off:  
Result:  

Identity of host strain
Method:  
Specification:  
Date:  
Result:  

Consistency of yield (e.g. infectivity of replicating vector virus and/or HPV antigen 
concentration, if applicable)

Method:  
Reference preparation:  
Specification:  
Date:  
Result:  

In addition, information on the following tests should be provided if mammalian 
cells or insect cells are used

Adventitious agents
Method:  
Specification:  
Date:  
Result:  

Mycoplasmas
Method:  
Media:  
Volume inoculated:  
Date test on:  
Date test off:  
Result:  

5. Purified monovalent antigen bulk
Batch number(s) of purified bulk:  
Date(s) of purification(s):  
Volume(s), storage temperature, storage  
time and approved storage period:  
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Identity (if applicable)
Method:  
Specification:  
Date:  
Result:  

Composition (protein, lipid, polysaccharide, if applicable)
Method:  
Specification:  
Date:  
Result:  

Protein purity (add PAGE photographs)
Method:  
Specification:  
Date:  
Result:  

Protein content
Method:  
Specification:  
Date:  
Result:  

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

Ratio of antigen: protein content (if applicable)
Specification:  
Result:  

Bacteria and fungi
Method:  
Media:  
Volume inoculated:  
Date test on:  
Date test off:  
Result:  
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Percentage intact L1 monomer:
Method:  
Specification:  
Date:  
Result:  

VLP size and structure
Report on this is needed until production consistency is demonstrated

Method:  
Specification:  
Date:  
Result:  

Potential hazards e.g. residual chemical(s) (if relevant)
Method:  
Specification:  
Date:  
Result:  

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

Albumin content (if mammalian or insect cells and animal serum are used for 
production)

Method:  
Specification:  
Date:  
Result:  

Viral clearance
This is performed during vaccine manufacturing development and/or process 
validation and is not intended for batch release. See section A.5.1.12

Method:  
Specification:  
Date:  
Result:  
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6. Adsorbed monovalent antigen bulk
Batch number(s) of adsorbed monovalent  

antigen bulk:  
Adsorption date:  
Batch number(s) of all components used during  

adjuvant adsorption:  
Volume, storage temperature, storage time and  

approved storage period:  

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

Bacterial endotoxins
Method:  
Specification:  
Date:  
Result:  

Identity
Method:  
Specification:  
Date:  
Result:  

Adjuvant or mineral vehicle concentration (if relevant)
Method:  
Specification:  
Date:  
Result:  

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

WHO_TRS_962.indb   107 11/8/11   1:10 PM



108

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
62

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-seventh report

pH
Method:  
Specification:  
Date:  
Result:  

Antigen content (in vitro assay)
Method:  
Batch number of reference vaccine  

and assigned potency:  
Specification:  
Date:  
Result:  

In vivo assay (where applicable)
Species, strain, sex and weight  

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

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

animals responding at each dose:  
ED50 of reference and test vaccine:  
Potency of test vaccine vs. reference vaccine  

with 95% fiducial limits of mean:  
Validity criteria:  

VLP size distribution (if applicable)
Method:  
Specification:  
Date:  
Result:  

Freezing point (if applicable)
Method:  
Specification:  
Date:  
Result:  
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7. Final vaccine bulk
Batch number:  
Date of manufacture:  
Batch numbers and volumes of adsorbed bulk vaccines used  

for the formulation of the final bulk vaccine:  
Batch number(s) and volume(s) of bulk alum diluent:
Volume, storage temperature, storage time  

and approved storage period:  

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

Adjuvants
Method:  
Specification:  
Date:  
Result:  

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

Preservatives (if applicable)
Method:  
Specification:  
Date:  
Result:  

Potency
If an in vitro assay of each type is used

Method:  
Batch number of reference vaccine  

and assigned potency:  
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Specification:  
Date:  
Result:  

If an in vivo assay is used
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:  
ED50 of reference and test vaccine  

for each type:  
Potency of test vaccine vs. reference vaccine for each  

type with 95% fiducial limits of mean:  
Validity criteria for each type:  

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

Appearance
Method:  
Specification:  
Date:  
Result:  

Identity (each type)
Method:  
Specification:  
Date:  
Result:  

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

pH
Method:  
Specification:  
Date:  
Result:  

Osmolarity
Method:  
Specification:  
Date:  
Result:  

Preservatives (if applicable)
Method:  
Specification:  
Date:  
Result:  

Pyrogenic substances
Method:  
Specification:  
Date:  
Result:  

Adjuvant content
Method:  
Specification:  
Date:  
Result:  

Protein content (or calculated value)
Method:  
Specification:  
Date:  
Result:  
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Degree of adsorption of each type (if applicable)
Method:  
Specification:  
Date:  
Result:  

Potency:
In vitro assay of each type

Method:  
Batch number of reference vaccine  

and assigned potency:  
Specification:  
Date:  
Result:  

If an in vivo assay is used (may be performed at final bulk stage)
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:  
ED50 of reference and test vaccine for each type:  
Potency of test vaccine vs. reference vaccine for  

each type with 95% fiducial limits of mean:  
Validity criteria for each type:  
Date of start of period of validity:  

General safety (unless deletion authorized)
Method:  
Specification:  
Date:  
Result:  

Freezing point (if applicable)
Method:  
Specification:  
Date:  
Result:  
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Appendix 2

Model certificate for the release of recombinant human 
papillomavirus virus-like particle vaccine

This certificate is to be provided by the national regulatory authority of the 
country where the vaccines have been manufactured, upon request by the 
manufacturer.
Certificate No.  

Lot release certificate
The following lot(s) of recombinant human papillomavirus virus-like particle 
vaccine produced by 1 in 2, whose 
numbers appear on the labels of the final containers, meet all national 
requirements 3 and Part A4 of the WHO guidelines to assure the quality, safety 
and efficacy of recombinant human papillomavirus virus-like particle vaccines 
( ),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. 962, 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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Recommendations published by the World Health Organization 
(WHO) are intended to be scientific and advisory. Each 
of the following sections constitutes guidance for national 
regulatory authorities and for manufacturers of biological 
products. If a national regulatory authority so desires, these 
Recommendations may be adopted as definitive national 
requirements, or modifications may be justified and made 
by the national regulatory authority. It is recommended that 
modifications to these Recommendations 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 parts of each section 
printed in small type are comments for additional guidance 
intended for manufacturers and national regulatory authorities, 
which may benefit from those details.
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Introduction
Recommendations (formerly known as Requirements) for meningococcal 
polysaccharide vaccines were adopted by the WHO Expert Committee on 
Biological Standardization in 1976 (1) and amended in 1978 and 1981 (2, 3). 
In clinical studies these vaccines have been shown to have an efficacy of around 
90% and have proved to be highly effective in public health interventions (4). 
Nevertheless, their modest ability to elicit protective responses in young infants 
(aged <  2 years) and their inability to induce immunological memory has 
prevented their inclusion in routine childhood immunization programmes.

Since the successful introduction of the Haemophilus influenzae type b 
(Hib) conjugate vaccines into paediatric vaccination schedules, considerable 
progress has been made in the development of similar conjugate vaccines 
based on other bacterial capsular polysaccharides including the capsular 
polysaccharides of Streptococcus pneumoniae and Neisseria meningitidis (5, 6). 
Clinical trials have demonstrated that group C meningococcal (MenC) conjugate 
vaccines are highly immunogenic in all age groups and induce immunological 
memory and avidity maturation of anticapsular antibodies (7–19). Following 
the introduction of the MenC conjugate vaccines in several countries in Europe, 
there have been documented declines in the incidence of the disease, confirming 
that the immune responses elicited confer protection against the infection (20). 
Effectiveness data from Spain and the United Kingdom (21), where the MenC 
conjugate vaccines were first introduced to infants, with a catch-up programme 
for older children and young adults, have clearly shown the importance of herd 
immunity and have suggested that there is a need to maintain a minimum level 
of circulating antibody for protection despite the ability of these vaccines to 
elicit immune memory. Recommendations for the MenC conjugate vaccines 
were adopted by the WHO Expert Committee on Biological Standardization in 
2004 (22).

The success of the MenC conjugate vaccines prompted the development 
of conjugate vaccines for other meningococcal capsular polysaccharides. These 
include a tetravalent A, C, Y, W135 conjugate vaccine recently licensed in 
some countries and a monovalent group A meningococcal (MenA) conjugate 
vaccine currently undergoing clinical trial. As a result, there is a need for 
recommendations to assure the quality, safety and efficacy of MenA conjugates, 
which may be used as monovalent vaccines or may be included as components 
of combination vaccines.

General considerations
Bacteria of the species N. meningitidis are Gram-negative diplococci with 
polysaccharide capsules that have led to the identification of at least 13 different 
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groups based on immunochemical studies. However, bacteria of groups A, B, 
C, Y and W135 account for almost all cases of disease (23), manifest mainly as 
meningitis and septicaemia. Meningococci are further classified into serotypes 
and subtypes on the basis of the immunological reactivity of their outer 
membrane proteins (PorA and PorB), or using related genetic techniques (24). 
They may also be genotyped by multi-locus sequence typing (25).

Epidemics caused by N. meningitidis of group A are usually characterized 
by a predominance of a single meningococcal genotype and a shift of cases 
towards older age groups. Although group A isolates were at one time a common 
cause of meningococcal disease worldwide, they are now principally responsible 
for recurrent epidemics in the so-called “meningitis belt” countries in sub-
Saharan Africa (26, 27). These epidemics occur in irregular cycles every 5–12 
years, and last for two to three dry seasons, dying out during the intervening 
rainy seasons. During epidemics, attack rates may be as high as 400–800 per 
100 000. In addition, outbreaks of group A meningococcal disease are associated 
with the annual Hajj pilgrimage in Saudi Arabia although W135 has also emerged 
as a problem in recent years.

An ideal meningococcal vaccine would offer comprehensive protection 
against all five of the pathogenic groups, but the development of a combined 
product has faced major obstacles related to the immunobiology of group  B 
capsular antigen. Bivalent (A and C) and tetravalent (A, C, Y and W135) 
unconjugated polysaccharide vaccines have been widely available since the early 
1970s (4). Studies carried out during the 1960s confirmed the critical role of 
antibody-dependent complement-mediated lysis of the meningococcus as the 
principal immunological mechanism of protection (28, 29). The polysaccharide 
vaccines elicit good bactericidal antibody responses in immunologically mature 
individuals and have been used effectively to manage epidemics and localized 
outbreaks as well as to offer protection to groups, such as students and military 
recruits, who are regarded as being at particular risk of the disease (30–32). 
However, polysaccharides are T-cell-independent antigens and are therefore 
poorly or not at all immunogenic in children aged under 2 years, they do not 
induce immunological memory and their use may predispose to blunting of the 
immune response to subsequent doses (33–35). In contrast, experience with Hib, 
pneumococcal and MenC conjugate vaccines has demonstrated that chemical 
conjugation of the capsular polysaccharides to a protein carrier can elicit T-cell-
dependent immune responses (34, 36, 37). As a result, these conjugated vaccines 
can elicit protective immune responses in infants and children aged under 2 
years, with induction of immune memory and without blunting of the immune 
response to further doses.
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Special considerations
The production and control methods for conjugate vaccines are more complex 
than those for their unconjugated capsular polysaccharide counterparts. 
Polysaccharide vaccines consist of defined chemical substances that, if 
prepared to the same specifications, can reasonably be expected to have 
comparable potencies, regardless of the manufacturer. However, effective 
meningococcal conjugate vaccines have been developed that differ in the 
composition and size of the saccharide, the carrier protein employed and the 
chemistry used for conjugation, and the methods are largely based on the 
successful strategies employed for the production of Hib conjugate vaccines 
(38). The polysaccharide starting material may be of high molecular weight or 
partly size-reduced prior to random activation and conjugation. The saccharide 
component of oligosaccharide-based vaccines is generated by degradation of 
the polysaccharide to form active functional groups, either at both terminals 
or at only one terminal, which may be used directly or modified prior to 
conjugation. A more recent approach, avoiding bacterial polysaccharide 
production, involves the synthesis of a short saccharide chain from readily 
available chemical precursors, which is conjugated directly to the protein (39). 
A small range of carrier proteins have been used thus far in conjugate vaccine 
production. For example, MenA conjugate vaccines have been manufactured 
with diphtheria toxoid, CRM197 or tetanus toxoid as carrier proteins (40).

Since the MenA conjugate vaccines are manufactured from purified 
components by a defined chemical process, the strategy for the control of the 
vaccine relies heavily on molecular characterization and purity to ensure each 
vaccine lot is consistent with the specifications of the vaccine lots used in the 
definitive clinical trials that confirmed their safety and immunogenicity (17, 
41–46).  While immunogenicity testing in animals forms a necessary part of 
vaccine development, experience gained following the licensure of the MenC 
conjugate vaccines suggests that a routine animal potency test is not necessary 
when vaccine consistency has been assured by physicochemical criteria.

It is likely that MenA conjugates may be combined with other antigens 
(e.g. antigens given routinely to infants and children, including other conjugated 
antigens) in multivalent vaccines, for convenience of vaccine delivery (47). 
Because of the problems associated with performing physicochemical analyses 
on complex vaccine formulations, the manufacturer should consider which tests 
to perform at a production stage before formulation and on final bulks or final 
lots of such vaccines. The testing regimen should be agreed with the national 
regulatory authority.

The role of bactericidal antibody in protection against meningococcal 
disease is supported by the association between the level of serum bactericidal 
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antibodies and protection against disease in the general population and the 
increased risk of meningococcal disease for individuals with complement 
deficiencies (28, 48, 49). In the case of MenA disease, the protection afforded 
by plain polysaccharide vaccine was demonstrated in controlled clinical 
trials in Egypt, Finland and Sudan during the early 1970s. However, the low 
burden of meningococcal disease in most countries has made it difficult to 
conduct controlled clinical studies before licensure to evaluate the efficacy 
of meningococcal conjugate vaccines. Thus, the licensure of meningococcal 
conjugate vaccines to date has been based on:

 ■ elicitation of a bactericidal antibody response;
 ■ evidence that the immune response is T cell-dependent; and
 ■ evidence that the conjugate vaccine is not more reactogenic than 

other licensed vaccines in the same target population (50–52).

Guidance on the clinical evaluation of MenA conjugate vaccines is given 
in part C of these recommendations.

Part A. Manufacturing recommendations
A.1. Definitions
A.1.1 International name and proper name
The international name should be “Group A meningococcal conjugate vaccine”. 
The proper name should be equivalent to 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
A group A meningococcal conjugate vaccine consists of group A saccharide 
covalently linked to a carrier protein.

A.1.3 International reference materials
No international reference materials were available for quality testing of group 
A meningococcal conjugate vaccines at the time of preparing this document. 
No formally established international reference materials that would allow the 
standardization of assays for immune responses to group A meningococcal 
conjugate vaccines are currently available.

The following reagents are available courtesy of manufacturers and 
national control or reference laboratories: Human anti-meningococcal capsular 
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antibody reference serum CDC1992, for the standardization of serum 
bactericidal assays (SBA) and enzyme-linked immunosorbent assays (ELISAs); 
group A meningococcal polysaccharide and methylated human serum albumin 
for use in ELISAs; and group A specific monoclonal antibody used to confirm 
the identity of group A polysaccharide are available from the National Institute 
for Biological Standards and Control (NIBSC), Potters Bar, England.

Any meningococcal strain expressing a group A capsule may be used in 
the SBA providing that it is not killed by the complement source in the absence 
of group A specific antibodies.

Ideally, the strain used for the SBA should be representative of the 
prevalent clonal complex causing disease where the vaccine is to be used.

A.1.4 Terminology
The definitions given below apply to the terms used in these guidelines. They may 
have different meanings in other contexts.

Activated saccharide: purified polysaccharide that has been modified 
by chemical reaction or physical process and activated in preparation for 
conjugation to the carrier protein.

Bulk conjugate: a conjugate prepared from a single lot or a pool of 
lots of polysaccharide and a single lot or a pool of lots of carrier protein and 
conjugated at the same time. This is the parent material from which the final 
bulk is prepared.

Carrier protein: the protein to which the saccharide is covalently 
linked for the purpose of eliciting a T-cell-dependent immune response to the 
meningococcal polysaccharide.

Final bulk: the homogenous preparation present in a single container 
from which the final containers are filled, either directly or through one or more 
intermediate containers derived from the initial single container.

Final lot: a number of sealed, final containers that are equivalent with 
respect to the risk of contamination during filling and, when it is performed, 
freeze-drying. A final lot must therefore have been filled from a single container 
and if freeze-dried, this should be completed in one continuous working session.

Master seed lot: a quantity of live bacterial suspension of N. meningitidis 
derived from the original strain, has been processed as a single lot and is of 
uniform composition. It is used for the preparation of the working seed lots. 
Master seed lots should be maintained in the freeze-dried form at or below 4 °C 
or be frozen at or below −45 °C.

Purified polysaccharide: The material obtained after final purification. 
The lot of purified polysaccharide may be derived from a single harvest or a pool 
of single harvests processed together.
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Single harvest: the material obtained from one batch of cultures that 
have been inoculated with the working seed lot (or with the inoculum derived 
from it), harvested and processed together.

Working seed lot: A quantity of live bacterial suspension of N. 
meningitidis derived from the master seed lot by growing the organisms and 
maintaining them in aliquots in the freeze-dried form at or below 4 °C or in the 
frozen state at or below −45 °C. The working seed lot is used, when applicable, 
after a fixed number of passages approved by the national regulatory authority, 
for the inoculation of production medium.

A.2 General manufacturing recommendations
The general manufacturing recommendations contained in Good manufacturing 
practices for pharmaceuticals (53) and Good manufacturing practices for 
biological products (54) should be applied to establishments manufacturing 
meningococcal conjugate vaccines with the addition of the following:

Details of standard operating procedures for the preparation and testing 
of meningococcal conjugate vaccines adopted by the manufacturer together with 
evidence of appropriate validation of each production step should be submitted 
for the approval of the national regulatory authority. All assay procedures used 
for quality control of the conjugate vaccines and vaccine intermediates must be 
validated. Proposals for the modification of manufacturing and control methods 
should also be submitted to the national regulatory authority for approval before 
they are implemented.

N.  meningitidis is a Biosafety Class 2 pathogen and represents a 
particular hazard to human health through infection by the respiratory route. 
The organism should be handled under appropriate conditions for this class 
of pathogen (55). Standard operating procedures need to be developed for 
dealing with emergencies arising from the accidental spillage, leakage or 
other dissemination of meningococcal organisms. Personnel employed in the 
production and control facilities should be adequately trained. Appropriate 
protective measures including vaccination should be implemented. Adherence 
to current good manufacturing practices (53, 54) is important to the integrity of 
the product, as well as to protect workers and the environment.

A.3. Production control
A.3.1 Control of polysaccharide
A.3.1.1 Strains of N. meningitidis
The strains of N. meningitidis used for preparing the group A polysaccharide 
should be identified by a record of their history, including their source and the 

WHO_TRS_962.indb   122 11/8/11   1:10 PM



Annex 2

123

tests made to determine the characteristics of the strains. The strains should 
have been shown to be capable of producing group A polysaccharide. The strains 
should be approved by the national regulatory authority.

Serological assays and/or 1H nuclear magnetic resonance (NMR) 
spectroscopy are suitable methods for the confirmation of identity 
of purified polysaccharide.

A.3.1.2 Seed lot system
The production of group A meningococcal polysaccharide should be based on a 
seed lot system. Master seed lots should be fully characterized. Cultures derived 
from the working seed lots should have the same characteristics as the cultures 
of the strain from which the master seed lot was derived (A.3.1.1).

When a new working seed lot is prepared, the capsular 
polysaccharide should be characterized by appropriate methods. 
It is also deemed necessary to perform a comparability study of 
a new working seed lot with the previous lot. In addition, control 
tests of verification of culture purity and strain identity should 
also be performed.

Methods to be used for confirming polysaccharide include NMR 
and/or serological assays or the other methods agreed by the 
national regulatory authority.

A.3.1.3 Culture media for the production of meningococcal polysaccharide
The liquid culture medium used for vaccine production should be free 
from ingredients that will form a precipitate upon addition of hexadecyl 
trimethylammonium bromide to a concentration of 1 g l−1.

The acceptability of the source(s) of any components of bovine, ovine 
or caprine origin used in culture media should be approved by the national 
regulatory authority. If any materials of animal origin are used in seed 
preparation or preservation, or in production, they should comply with the 
WHO guidelines on medicinal and other products in relation to human and 
animal transmissible spongiform encephalopathies (56) and should be approved 
by the national regulatory authority.

Manufacturers are encouraged to avoid wherever possible the use 
of materials of animal origin.
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Human blood or blood products should not be used in culture media for 
propagating bacteria, either for seed or for vaccine.

A.3.1.4 Control of single harvests
A.3.1.4.1 Monitoring consistency of production

Consistency of growth of meningococcal organisms during production of single 
harvests should be demonstrated. Parameters to be monitored may include, but 
are not limited to, growth rate, temperature, pH and the final yield of group A 
polysaccharide. There should be predefined conditions of time and growth for 
termination of the fermentation for harvest of polysaccharide.

A.3.1.4.2 Control of bacterial purity

Samples of the culture from single harvests should be taken before killing and 
be examined for microbial contamination. The purity of the culture should be 
verified by suitable methods, which should include inoculation on to appropriate 
culture media. If any contamination is found, the culture or any product derived 
from it should be discarded. The killing process should be validated.

A.3.1.5 Control of purified polysaccharide
Each lot of purified group A meningococcal polysaccharide should be tested 
for identity and purity. A number of approaches to determine polysaccharide 
identity and purity give complementary but incomplete information, so the 
combination of methods employed to provide all necessary data should be 
agreed by the national regulatory authority. The purity limits given below are 
expressed with reference to the polysaccharide in its salt form (sodium or 
calcium), corrected for moisture. If the purified polysaccharide is stored as a 
frozen liquid, the tests must be conducted on an aliquot that has been dried. 
Variations of these specifications that may be appropriate if unusual salt forms 
are present should be agreed by the national regulatory authority.

Generally, the culture is harvested after killing the organism 
by heating to 56  °C for 30 minutes, or by the use of a suitable 
inactivating agent or any other suitable method, after which 
the polysaccharide is partially purified by precipitation with 
hexadecyl trimethylammonium bromide. Methods used for 
further purification of this intermediate should be approved 
by the national regulatory authority. Purified meningococcal 
polysaccharide and, when necessary, partially purified 
intermediates, are usually stored at or below −20  °C to ensure 
stability.
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A.3.1.5.1 Identity test

A test should be performed on the purified polysaccharide to verify its identity. 
In cases where other polysaccharides are produced at the same manufacturing 
site, the method should be validated to show that it distinguishes the desired 
polysaccharide from all other polysaccharides produced at that manufacturing 
site and approved by the national regulatory authority.

Serological assays and/or 1H nuclear magnetic resonance 
spectroscopy provide convenient methods for this purpose (41, 57).

A.3.1.5.2 Moisture content

If the purified polysaccharide is to be stored as a lyophilized or otherwise 
dried powder, the moisture content should be determined by suitable methods 
approved by the national regulatory authority and shown to be within agreed 
limits. The value is used to calculate the results of the other chemical tests with 
reference to the dried substance. If the purified polysaccharide is stored as a 
frozen liquid, this applies to the aliquot that has been dried.

A.3.1.5.3 Polysaccharide content

The quantity of the purified polysaccharide can be estimated by the 
determination of the phosphorus content. The phosphorus content should be 
not less than 8.0% of the dry weight of the isolated product, as determined by 
the Chen assay (58, 59), or other suitable methods approved by the national 
regulatory authority.

Other methods, such as high performance anion exchange 
chromatography with pulsed amperometric detection (HPAEC-
PAD) or conductivity detection (HPAEC-CD), may be used to 
define the quantitative composition of the purified polysaccharide 
but the methods should be validated for the purpose (60, 61). 
1H nuclear magnetic resonance spectroscopy also provides a 
convenient approach to define the composition of the purified 
polysaccharide if an internal reference compound is included 
(62, 63). If other methods are used, alternative specifications for 
polysaccharide composition may apply and should be agreed with 
the national regulatory authority.

A.3.1.5.4 Protein impurity

Protein content in each lot of purified polysaccharide should not be more than 
1% by weight of protein, as determined by the method of Lowry et al., using 
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bovine serum albumin as a reference (3, 64), or other suitable validated methods 
approved by the national regulatory authority.

Sufficient polysaccharide should be assayed to detect 1% protein 
contamination accurately.

A.3.1.5.5 Nucleic acid impurity

Nucleic acid content in each lot of purified polysaccharide should not be more 
than 1% by weight of nucleic acid as determined by ultraviolet spectroscopy, on 
the assumption that the absorbance of a 10 gl−1 nucleic acid solution contained 
in a cell of 1-cm path length at 260 nm is 200 (3) or by other validated methods 
approved by the national regulatory authority.

Sufficient polysaccharide should be assayed to detect 1% nucleic 
acid contamination accurately.

A.3.1.5.6 Endotoxin content

To ensure an acceptable level of pyrogenic activity of the final product, the 
endotoxin content of the purified polysaccharide should be determined and 
shown to be within acceptable limits approved by the national regulatory 
authority.

An amount of less than 100 International Units of endotoxin per µg 
of purified polysaccharide can be achieved when measured by the 
Limulus amoebocyte lysate (LAL) test. Alternatively, a recognized 
pyrogenicity test can be performed in rabbits (59). Endotoxin 
content has also been measured by use of a chromatographic 
technique to determine the profile of LPS-associated lipids (65).

A.3.1.5.7 O-acetyl content

Studies to date indicate that the group A meningococcal polysaccharide used 
in the conjugate should be O-acetylated (66), the O-acetyl content should be 
monitored by colorimetric or other validated assays which have been approved 
by the national regulatory authority, to ensure consistency of production.

Bulk group A polysaccharide used for the production of licensed 
polysaccharide vaccine is suitable for the production of conjugate 
vaccine (1). O-acetyl content is conveniently determined by 
a colorimetric assay (67), 1H NMR (57) or high-performance 
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anion-exchange chromatography with conductivity detection 
(61). O-acetylated polysaccharide typically contains at least 
2 mmol/g saccharide (> 61.5% O-acetyl per repeating unit).

A.3.1.5.8 Molecular size distribution

The molecular size of purified polysaccharide provides an indication of the 
manufacturing consistency. The assay and an acceptable level of consistency 
should be agreed with the national regulatory authority.

The distribution constant (KD) can be determined by measuring 
the molecular size distribution of the polysaccharide at the main 
peak of the elution curve obtained by a suitable chromatographic 
method. The KD value and/or the mass distribution limits should 
be established and shown to be consistent lot-to-lot for a given 
product chromatographed on a specific column material.

Methods suitable for this purpose include:

 ■ gel filtration through Sepharose CL-4B or CL-2B (or similar) 
in a 0.2 molar buffer using either a refractive index detector, 
ultraviolet, or colorimetric assay for the detection of the 
polysaccharide; and 

 ■ high performance size-exclusion chromatography (HPSEC) 
either alone or in combination with light scattering and 
refractive index detectors (e.g. MALLS) (68–70).

The methodology and column used should be validated to 
demonstrate sufficient resolution in the appropriate molecular 
weight range.

A.3.1.6 Control of activated saccharide
Polysaccharide preparations may be partially depolymerized either before or 
during the chemical modification to yield the activated saccharide.

A.3.1.6.1 Chemical activation

Several methods for the chemical activation of polysaccharides prior to 
conjugation may be satisfactory. The chosen methods should be approved by 
the national regulatory authority.

The methods used are similar to those employed in the production 
of conjugate vaccines against Haemophilus influenzae type b.
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Polysaccharide may be oxidized with periodate and the periodate 
activated polysaccharide attached to the carrier protein directly by 
reductive amination, or through a secondary linker. Alternatively, 
the polysaccharide can be randomly activated by cyanogen 
bromide, or a chemically similar reagent, and a bifunctional linker 
added, which then allows the polysaccharide to be attached to the 
carrier protein directly, or through a secondary linker.

Size-reduced polysaccharides may be generated by reaction with 
acid and the derived oligosaccharide attached to the carrier protein 
directly or through a secondary linker, or by other methods.

A.3.1.6.2 Extent of activation of the saccharide

The manufacture should demonstrate control of the degree of activation of the 
saccharide by an assay of each batch of the saccharide.

Colorimetric and chromatographic assays and NMR spectroscopy 
have been used to determine the degree of activation of the 
saccharide (42, 57, 71, 72).

A.3.1.6.3 Molecular size distribution

The degree of size reduction of the activated saccharide will depend upon the 
manufacturing process. The average size distribution (degree of polymerization) 
of the processed saccharide should be measured by a suitable method and 
should be within defined limits. The size should be specified for each type of 
conjugate vaccine with appropriate limits for consistency, as the size may affect 
the reproducibility of the conjugation process.

The molecular size may also be determined by HPSEC either 
alone or in combination with light scattering and refractive index 
detectors (e.g. MALLS) (71). Other suitable methods include gel 
filtration, ion exchange chromatography or high-performance 
liquid chromatography (HPLC) used together with an appropriate 
validated chemical assay (42, 71, 73).

A.3.2 Control of the carrier protein
A.3.2.1 Microorganisms and culture media for production of the carrier protein
Microorganisms to be used for the production of the carrier protein should be 
grown in media free from substances likely to cause toxic or allergic reactions 
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in humans. If any materials of animal origin are used in seed preparation or 
preservation, or in production, they should comply with the WHO guidelines 
on medicinal and other products in relation to human and animal transmissible 
spongiform encephalopathies (56) and should be approved by the national 
regulatory authority.

The acceptability of the source(s) of any components of bovine, ovine 
or caprine origin used in culture media should be approved by the national 
regulatory authority.

Human blood or blood products should not be used in culture media for 
propagating bacteria.

Production should be based on a seed lot system with the strains 
identified by a record of their history and of all tests made periodically to 
verify strain characteristics. Consistency of growth of the microorganisms used 
should be demonstrated by monitoring parameters such as the growth rate, 
temperature, pH and final yield of appropriate protein(s).

A.3.2.2 Characterization and purity of carrier protein
Potentially there are many proteins that could be used as carriers in 
meningococcal conjugate vaccines. The principal characteristics of the carrier 
protein should be that it is safe and elicits a T-cell-dependent immune response. 
Test methods used to characterize such proteins, to ensure that they are non 
toxic and to determine their purity and concentration, should be approved by 
the national regulatory authority.

Proteins and purification methods that might be used include:

 ■ Tetanus or diphtheria toxoid. This must satisfy the relevant 
requirements published by WHO (74) and be of high purity. 
The purity should not be less than the value of the lots used 
during clinical development and agreed with the national 
regulatory authority (75).

 ■ Diphtheria CRM 197 protein. This is a non toxic mutant of 
diphtheria toxin, isolated from cultures of Corynebacterium 
diphtheriae C7 /β197 (76). Protein of purity greater than 
90% as determined by HPLC is prepared by column 
chromatographic methods. When produced in the same 
facility as diphtheria toxin, methods must be in place to 
distinguish the CRM 197 protein from the active toxin.

The carrier protein should also be characterized. The identity 
may be determined serologically. Physicochemical methods that 
have been used to characterize protein include sodium dodecyl 
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sulfate polyacrylamide gel electrophoresis (SDS PAGE), isoelectric 
focusing, HPLC, amino acid analysis, amino acid sequencing, 
circular dichroism, fluorescence spectroscopy, peptide mapping 
and mass spectrometry as appropriate (70).

A.3.2.3 Processing of carrier protein
In some conjugation procedures, the carrier protein is chemically derivatized 
before coupling to the activated saccharide. As a measure of consistency, the 
extent of derivatization (or activation) of the protein needs to be determined at 
this stage.

Protein activation methods that have been used for conjugates 
include:

 ■ the introduction into diphtheria toxoid of a specified 
concentration of “spacer groups” reactive with polysaccharide;

 ■ the activation of carboxyl groups of tetanus toxoid by reaction 
with hydrazine or adipic acid dihydrazide (ADH) (77).

A.3.3 Control of purified bulk conjugate
There are a number of possible conjugation methods that might be used for 
vaccine manufacturing; all involve multi-step processes. Both the methods and 
the control procedures used to ensure the reproducibility, stability and safety of 
the conjugate should be established once the immunogenicity of the conjugate 
vaccine has been demonstrated. The derivatization and conjugation process 
should be monitored by analysis for unique reaction products or by other 
suitable means. The conditions used in the conjugation chemistry may affect 
the structure of the saccharide chain by causing cleavage or the loss of labile 
substituents.

Residual unreacted functional groups potentially capable of reacting 
in vivo may be present following the conjugation process. The manufacturing 
process should be validated to show that the reactive functional groups that 
remain at the conclusion of the manufacturing process are below a limit approved 
by the national regulatory authority.

After the bulk conjugate has been purified, the tests described below 
should be performed to assess consistency of production. These tests are critical 
for assuring lot-to-lot consistency.

NMR spectroscopy may be used to confirm the identity 
and integrity of the saccharide in the conjugate (63, 78, 79). 
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Alternatively, the identity could be confirmed by the use of an 
immunological test (e.g. ELISA).

A.3.3.1 Residual reagents
The conjugate purification procedures should remove residual reagents used 
for conjugation and capping. The removal of reagents and reaction by products 
such as cyanide, N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDAC) 
and others, depending on the conjugation chemistry, should be confirmed by 
suitable tests or by validation of the purification process. The acceptable limits 
should be approved by the national regulatory authority.

The residuals are process-specific and can be quantified by use 
of colorimetric and chromatographic assays. Techniques such as 
NMR spectroscopy (62, 63) and hyphenated techniques such as 
liquid chromatography-mass spectrometry (LC-MS) (80) may 
also be used.

A.3.3.2 Conjugation markers
Where the chemistry of the conjugation reaction results in the creation of a 
unique linkage marker (e.g. a unique amino acid), each batch should be assessed 
to quantify the extent of covalent reaction of the meningococcal saccharide 
with the carrier protein, so that the frequency of the covalent bond is given as 
a function of the number of saccharide repeating units or overall saccharide 
content.

A unique linkage marker could be assessed on each batch (70). 
Saccharide to protein ratio is also a suitable conjugation marker, 
although not a direct measurement.

A.3.3.3 Capping markers
Each batch of bulk conjugate should be shown to be free of reactive functional 
groups on either the saccharide or carrier protein. Alternatively, the product of 
the capping reaction can be monitored or the capping reaction can be validated 
to show removal of reactive functional groups. Validation of the manufacturing 
process can eliminate the need to perform this analysis for routine control with 
the agreement of the national regulatory authority.

A.3.3.4 Group A meningococcal saccharide content
The group A meningococcal saccharide content should be chemically determined 
by means of an appropriate validated assay.
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Methods that have been used include determination of phosphorus 
or sugar content by use of colorimetric or HPAEC-PAD assays.

A.3.3.5 Conjugated and unbound (free) saccharide
The group A meningococcal saccharide that is covalently bound to the carrier 
protein, i.e. conjugated saccharide, is immunologically the most important for 
clinical protection. Each batch of bulk conjugate should be tested for unbound or 
free saccharide in order to ensure that the amount present in the purified bulk is 
within the limits agreed by the national regulatory authority based on lots shown 
to be clinically safe and efficacious.

Methods that have been used to separate unbound saccharide 
prior to assay and are potentially applicable to meningococcal 
conjugates, include hydrophobic chromatography, acid 
precipitation on ice, precipitation with carrier protein-specific 
antibodies, ultracentrifugation, gel filtration and ultrafiltration. 
The amount of unbound saccharide can be determined by specific 
chemical or immunological tests or by HPAEC after hydrolysis.

A.3.3.6 Protein content
The protein content in the bulk conjugate should be determined by means of 
an appropriate validated assay (section A.3.2) and comply with limits for the 
particular product. Each batch of bulk conjugate should be tested for conjugated 
and unconjugated protein by the methods agreed with the national regulatory 
authority.

Appropriate methods for the determination of conjugated 
and unconjugated protein include HPLC, ion exchange 
chromatography and capillary electrophoresis.

A.3.3.7 Saccharide to protein ratio
The ratio of saccharide to carrier protein for each batch of the bulk conjugate 
should be determined as a marker of the consistency of the conjugation 
chemistry and as one measure of potency. For each conjugate, the ratio should 
be within the range approved for that particular conjugate by the national 
regulatory authority and should be consistent with vaccines shown to be 
effective in clinical trials.

The ratio can be determined either by independent measurement 
of the amounts of protein and saccharide present or by methods 
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which give a direct measure of the ratio. Methods include 1H 
nuclear magnetic resonance spectroscopy or the use of HPSEC 
with dual monitoring (e.g. refractive index and UV, for total 
material and protein content respectively). Other methods may 
be used with the agreement of the national regulatory authority.

A.3.3.8 Molecular size distribution
The molecular size of the saccharide–protein conjugate is an important 
parameter in establishing consistency of production and in studying stability 
during storage.

The relative molecular size of the saccharide–protein conjugate should 
be determined for each bulk conjugate, using a gel matrix appropriate to the 
size of the conjugate (46). The method should be validated with an emphasis 
on specificity to distinguish the saccharide–protein conjugate from other 
components that may be present, e.g. unbound protein or free saccharide. The 
size distribution specifications will be product-specific and should be consistent 
with lots shown to be immunogenic in clinical trials.

Typically the size of the saccharide–protein conjugate may be 
examined by methods such as gel filtration on Sepharose CL-4B, 
or by HPSEC on an appropriate column. Since the saccharide to 
protein ratio is an average value, characterization of this ratio 
over the size distribution (e.g. by dual monitoring of the column 
eluent) can be used to provide further proof of manufacturing 
consistency (70).

A.3.3.9 Sterility
The purified bulk conjugate should be tested for bacterial and fungal sterility in 
accordance with the requirements of Part A, sections 5.1 and 5.2, of the General 
requirements for the sterility of biological substances as amended in 1995 (81), 
or by a method approved by the national regulatory authority. If a preservative 
has been added to the product, appropriate measures should be taken to prevent 
it from interfering with the test.

A.3.3.10 Specific toxicity of carrier protein
The bulk conjugate should be tested for the absence of specific toxicity of the 
carrier protein where appropriate (when tetanus or diphtheria toxoids have been 
used). Absence of specific toxicity of the carrier protein may also be assessed 
through validation of the production process.
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A.3.4 Control of final bulk
A.3.4.1 Preparation
The final bulk is prepared by mixing the adjuvant if used, a preservative and/
or stabilizer (as appropriate) with a suitable quantity of the bulk conjugate so 
as to meet the specifications of vaccine lots shown to be safe and efficacious in 
clinical trials.

A.3.4.2 Sterility
Each final bulk should be tested for bacterial and fungal sterility as indicated in 
section A.3.3.9.

A.3.5 Filling and containers
The recommendations concerning filling and containers given in Good 
manufacturing practices for biological products (54) should be applied.

When a freeze-drying process is used for vaccine production, its 
validation should be submitted to the national regulatory authority for approval.

A.3.6 Control tests on final lot
Samples should be taken from each final vaccine lot to be tested and fulfil the 
recommendations of this section. All the tests and specifications should be 
approved by the national regulatory authority.

A.3.6.1 Identity
An identity test should be performed on each final lot.

A serological test, using antibodies specific for the purified 
polysaccharide may be used. Testing for the carrier protein may 
also be performed.

A.3.6.2 Sterility
Final containers should be tested for bacterial and fungal sterility as indicated in 
section A.3.3.9.

A.3.6.3 Group A meningococcal saccharide content
The amount of group A meningococcal saccharide in the final containers should 
be determined and shown to be within the specifications agreed by the national 
regulatory authority.

The conjugate vaccines produced by different manufacturers 
may differ in formulation. A quantitative assay for the group  A 
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meningococcal saccharide in the final containers should be 
carried out. The assays used are likely to be product-specific 
and might include phosphorus estimation by a colorimetric or 
HPAEC-PAD method, chromatographic or serological methods. 
Immunological assays such as rate nephelometry (82) or ELISA 
inhibition may also be used.

A.3.6.4 Conjugated and unbound (free) saccharide
The group A meningococcal saccharide that is covalently bound to the carrier 
protein is immunologically the most important for clinical protection and is one 
measure of vaccine potency. The structural integrity of the group A saccharide 
component of the conjugate may be affected by the formulation and filling and 
therefore the final lot should be tested for unbound or free saccharide, as described 
in Part A, section 3.3.5. An acceptable value of free saccharide consistent with 
adequate immunogenicity, as shown in clinical trials, should be established for 
the particular product and each final lot must be shown to comply with this limit.

A.3.6.5 Molecular size distribution
The structural integrity of the group A meningococcal saccharide component 
of the conjugate may be affected by the formulation and filling and therefore 
molecular size of the saccharide–protein conjugate in the final lot should be 
tested, as described in part A, section 3.3.8. This test should be included in 
stability studies (see part A, section 8.1).

A.3.6.6 Residual moisture
If the vaccine is freeze dried, the average moisture content should be determined 
by methods approved by the national regulatory authority. Values should be 
within the limits for the preparations that have been shown to be adequately 
stable in the stability studies of the vaccine.

The test should be performed on 1 vial per 1000 up to a maximum 
of 10 vials but on no less than 5 vials taken at random from 
throughout the final lot. The average residual moisture content 
should generally be no greater than 2.5% and no vial should be 
found to have a residual moisture content of 3% or greater.

A.3.6.7 Pyrogen content
The vaccine in the final container should be tested for pyrogenic activity by 
intravenous injection into rabbits or by a Limulus amoebocyte lysate (LAL) test, 
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which should be validated for this purpose. Endotoxin content or pyrogenic 
activity should be consistent with levels found to be acceptable in vaccine lots 
used in clinical trials and approved by the national regulatory authority.

A.3.6.8 Adjuvant content
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 agreed with the national regulatory authority. If 
aluminium compounds are used as adjuvants, the amount of aluminium should 
not exceed 1.25 mg per single human dose.

The adsorption of the antigen to the adjuvant should be controlled. 
Consistency is important and the adsorption of production lots 
should be demonstrated to be within the range of values found for 
vaccine lots shown to be clinically effective.

A.3.6.9 Preservative content
The manufacturer has a choice of possible preservatives. Consideration should 
be given to the stability of the chosen preservative and possible interactions 
between the vaccine components and the preservative. If a preservative has 
been added to the vaccine, the content of the preservative should be determined 
by a method approved by the national regulatory authority. The amount of the 
preservative in the vaccine dose should be shown not to have any deleterious 
effect on the antigen nor to impair the safety of the product in humans. 
The preservative and its concentration should be approved by the national 
regulatory authority.

A.3.6.10 General safety test (innocuity)
The requirements to test lots of meningococcal conjugate vaccine for unexpected 
toxicity (abnormal toxicity) should be agreed with the national regulatory 
authority.

Such a test may be omitted for routine lot release with the 
agreement of the national regulatory authority once consistency 
of production has been well established to the satisfaction of the 
national regulatory authority and when good manufacturing 
practices are in place.

A.3.6.11 pH
If the vaccine is a liquid preparation, the pH of each final lot should be tested 
and shown to be within the range of values found for vaccine lots shown 
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to be safe and effective in the clinical trials and in stability studies. For a 
lyophilized preparation, the pH should be measured after reconstitution with 
the appropriate diluent.

A.3.6.12 Inspection of final containers
Each container in each final lot should be inspected visually (manually or 
with automatic inspection systems), and those showing abnormalities such as 
improper sealing, lack of integrity and, if applicable, clumping or the presence 
of particles should be discarded.

Visual inspection of the appearance of the freeze-dried or liquid vaccine 
should be described with respect to the form and colour. In case of freeze-dried 
vaccines, visual inspection should be performed on the freeze-dried vaccine, on 
its diluent and on the reconstituted vaccine.

A.4 Records
The recommendations in Section 8 of Good manufacturing practices for 
biological products (54) should be applied.

A.5 Retained samples
The recommendations in Section 9.5 of Good manufacturing practices for 
biological products (54) should be applied.

A.6 Labelling
The recommendations in Section 7 of Good manufacturing practices for 
biological products (54) should be applied with the addition of the following.

The label on the carton or the leaflet accompanying the container 
should indicate:

 ■ the amounts of group A meningococcal saccharide and carrier 
protein contained in each single human dose;

 ■ the word “adsorbed”, if applicable;
 ■ the name and address of the manufacturer;
 ■ the recommended storage temperature and the expiry date if kept at 

that temperature;
 ■ that if the vaccine is freeze dried it should be used immediately after 

its reconstitution unless data have been provided to the licensing 
authority to indicate that it may be stored for a limited time; and

 ■ the volume and nature of the diluent to be added in order to 
reconstitute a freeze dried vaccine, specifying that the diluent 
should be supplied by the manufacturer or approved by the national 
regulatory authority.
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In addition, the label printed on or affixed to the container, or the 
label on the carton, or the leaflet accompanying the container should contain 
the following:

 ■ a statement that the vaccine satisfies the recommendations of this 
document;

 ■ the nature and amount of any preservative present in the vaccine 
(if there is no preservative in single-dose containers, this should 
be stated);

 ■ the nature and amount of the adsorbing agent, if applicable;
 ■ the nature and amount of any substances added to the vaccine;
 ■ the recommended conditions for storage and transport;
 ■ a warning that the vaccine should not be frozen, if it is in liquid form;
 ■ a warning that the vaccine should be shaken before use, if it is 

freeze-dried; 
 ■ instructions for the use of the vaccine and information on 

contraindications and the reactions that may follow vaccination.

A.7 Distribution and transport
The recommendations in Section 8 of Good manufacturing practices for 
biological products (54) should be applied.

A.8 Stability, storage and expiry date
A.8.1 Stability
Adequate stability studies form an essential part of the vaccine development 
studies, they should be designed to help in setting the shelf-life of the vaccines. 
WHO has developed further guidance on the stability studies of vaccines1 and 
general principles should be followed.

The stability of intermediate products such as the purified polysaccharide 
and the bulk conjugate before mixing into the final bulk should be demonstrated. 
The stability of the vaccine in its final form, with final containers and at the 
recommended storage temperatures should be demonstrated to the satisfaction 
of the national regulatory authorities for at least three lots of final product 
manufactured from different independent bulk conjugates. In addition, a real-
time stability study should be conducted on at least one final container lot 
produced per year.

1 http://www.who.int/biologicals/publications/trs/areas/vaccines/stability/Microsoft%20Word%20-%20
BS%202049.Stability.final.09_Nov_06.pdf
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The saccharide component of conjugate vaccines may be subject 
to gradual hydrolysis at a rate which may vary depending upon the type 
of conjugate, the type of formulation or adjuvant, the types of excipient and 
conditions of storage. The hydrolysis may result in reduced molecular size of 
the meningococcal saccharide component, a reduction in the amount of the 
saccharide bound to the carrier protein and/or in a reduced molecular size of 
the conjugate.

The structural stability of the saccharide chains and of the protein 
carrier varies between different conjugate vaccines as found for 
group C meningococcal conjugate vaccines (44, 46, 83).

Tests should be conducted before licensing to determine the extent to which the 
stability of the product has been maintained throughout the proposed validity 
period. The free saccharide content as a percentage of the total saccharide 
should be determined. The vaccine should meet the recommendations for final 
product up to the expiry date.

Molecular sizing of the final product and estimation of free 
saccharide may be carried out to ensure the integrity of the 
conjugate (46).

The level of adsorption, where applicable, should be shown to be within limits 
agreed by the national regulatory authority, unless data are available to show that 
the immunogenicity of the final product is not dependent upon adsorption of the 
antigen to the adjuvant.

Accelerated stability studies may provide additional supporting evidence 
of the stability of the product but cannot replace real time studies.

When any changes are made in the production process that may affect 
the stability of the product, the vaccine produced by the new method should be 
shown to be stable.

The statements concerning storage temperature and expiry date 
appearing on the label should be based on experimental evidence, which should 
be submitted for approval to the national regulatory authority.

If the manufacturers consider incorporating a vaccine vial monitor 
(VVM) into the label, they should include appropriate studies to identify how 
the VVM should be used (84).

A.8.2 Storage conditions
Storage conditions should be based on stability studies and approved by the 
national regulatory authority.
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Storage of both liquid and freeze dried vaccines at a temperature 
of 2–8 °C has been found to be satisfactory.

A.8.3 Expiry date
The expiry date should be approved by the national regulatory authority and 
based on the stability of the final product as well as the results of the stability 
tests referred to in section A.8.1.

Part B. Nonclinical evaluation of new meningococcal 
conjugate vaccines
Nonclinical testing is a prerequisite for initiation of clinical studies in humans 
and includes immunogenicity studies (proof of concept) and safety testing 
in animals. The vaccine lots used in nonclinical studies should be adequately 
representative of the formulation intended for clinical investigation and, ideally, 
should be the same lots used in clinical studies. If this is not feasible, then the 
lots used clinically should be comparable to those used in the nonclinical studies 
with respect to potency, stability and other characteristics of quality.

Details on the design, conduct, analysis and evaluation of nonclinical 
studies are available in WHO guidelines for nonclinical evaluation of vaccines (85).

The capacity of a meningococcal conjugate vaccine to elicit a 
serum bactericidal antibody response in mice may be used to 
establish a preclinical proof of concept. However, this should 
also be shown in a second animal species. The studies should 
demonstrate the ability of the conjugate vaccine to boost the 
bactericidal antibody response. The ability of antisera raised 
against a candidate MenA conjugate vaccine to confer passive 
protection in an infant rat model of meningococcal meningitis 
would provide further preclinical evidence of the potential 
protective efficacy against invasive MenA infections (86).

Part C. Clinical evaluation of group A meningococcal 
conjugate vaccines
C.1 General considerations for clinical studies
In general, clinical trials should adhere to the principles described in the WHO 
guidelines on good clinical practice (87).
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General principles described in the WHO guidelines on regulatory 
expectations for clinical evaluation of vaccines apply to MenA conjugate 
vaccines and should be followed (88). Some of the issues that are specific to 
conjugate vaccines and/or particularly to the clinical development programme 
for MenA 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 and immunogenicity of MenA conjugate vaccines and any relevant 
data on other types of conjugate vaccines that may become available in the future.

C.1.1 Scope of the studies
For reasons discussed in section C.2, it is not considered necessary for the 
protective efficacy of MenA conjugate vaccines to be studied pre-licensure. 
Instead, it is expected that the pre-licensure assessment of the likely protective 
efficacy of conjugated MenA vaccines will be based on immune responses. The 
clinical development programme should be conducted in populations that are 
representative of those in which the vaccine is expected to be used. The early 
development programme should include identification of an optimal dose 
of conjugated antigen and a suitable immunization schedule together with a 
preliminary assessment of vaccine safety.

The general approach to confirmatory clinical study design will depend 
on whether or not it is considered appropriate to compare immune responses 
elicited by candidate MenA conjugate vaccines and licensed unconjugated 
MenA-containing vaccines in the population(s) chosen for investigation. This 
is discussed in sections C.1.2, C.1.3 and C.2.2. In addition, methodological 
and statistical considerations described in the WHO guidelines on regulatory 
expectations for clinical evaluation of vaccines should be taken into account 
(sections B2 and B3 in reference 88).

For convenience of administration it is very likely that at least some 
MenA conjugate constructs will be combined with other antigens (e.g. those 
required for the infant immunization series) into a single product. Also, 
monovalent or combined MenA conjugate vaccines will probably need to be 
given concomitantly with other vaccines that are routinely administered to 
various age groups. Therefore pre-licensure studies should adequately explore 
the potential for immune interference with respect to combination of MenA 
conjugates with other antigens into a single vaccine and/or concomitant 
administration of MenA conjugate-containing vaccines with other vaccines as 
appropriate to the population investigated (see C.2.5).

In the post-licensure period, there should be plans in place to further 
assess vaccine safety and to investigate antibody persistence, the potential need 
for and timing of booster doses and the effectiveness of the vaccine during 
routine use (see C.2.3 and C.3).
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C.1.2 Studies that compare conjugated with unconjugated MenA-containing 
vaccines

In age groups in which high proportions of vaccinees develop presumed 
protective antibody responses to licensed unconjugated MenA vaccines and 
antibody persists for several years, the assessment of a candidate MenA conjugate 
vaccine should be based on comparing immune responses between groups 
given conjugated and unconjugated saccharides (see C.2.2). Studies should plan 
to compare antibody persistence between groups and responses to a further 
dose of conjugate (see C.2.3). Also, antibody responses to the conjugated MenA 
vaccine should be evaluated in people who have and who have not received 
unconjugated vaccine in the past during routine or emergency vaccination 
programmes. Subjects for whom various times have elapsed since their last dose 
of unconjugated vaccine should be included.

C.1.3 Studies that compare vaccinated and unvaccinated groups
It has been documented that infants may develop antibody in response to 
unconjugated MenA polysaccharide from about the age of 2–3 months. 
However, antibody titres may be low and transient in infants compared to 
those in older children. Also, following vaccination of children up to about 
18–24 months of age with unconjugated MenA vaccines, the duration of 
antibody persistence appears to be shorter than that observed in older 
children, adolescents and adults. Therefore, depending on the geographical 
regions, the population in which the studies are conducted and the risk of 
disease in unvaccinated infants, it may be appropriate that at least some studies 
in infants compare administration of conjugated MenA vaccine with no MenA 
vaccine (see C.2.2). The inclusion of a control group of unvaccinated infants has 
the advantage of allowing for an assessment of changes in maternal antibody over 
time and the acquisition of anti-MenA antibody as a result of natural exposure 
to the organism and/or to cross-reacting antigens during the period of study. 
Studies should compare antibody persistence between groups and response to a 
further dose of MenA conjugate (see C.2.3).

The following sections provide further details of the data to be provided.

C.2 Assessment of the immune responses
C.2.1 Antibody assays
Antibody responses to MenA conjugate vaccines can be assessed by:

 ■ assay of serum bactericidal antibody (SBA), which measures 
functional antibody and should be regarded as the primary means of 
assessing the immune response;
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 ■ assay of MenA-specific antibody (e.g. measured with ELISA), which 
can be used as a secondary measure of immune responses.

The assays used should be fully validated.
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.2.1.1 Assay of serum bactericidal antibody
Although SBA titres are considered to be the most important for the assessment 
of the likely protective efficacy of the vaccine, there are only limited data 
available on anti-MenA SBA titres that might correlate with at least short-term 
protection against the disease.

In a prospective study in US army recruits, Goldschneider et al. 
(28) observed a strong correlation between development of 
group  C meningococcal (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 of the recruits into basic training. 
Interestingly, recruits who developed MenC disease were also 
much less likely to have SBA titres of at least 1:4 to MenA and 
MenB when starting basic training. The application of this same 
SBA cut-off to predict protection against MenA disease was based 
on the observation that 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 persons 
aged from 0–26 years and data on disease epidemiology. Thus, 
hSBA titres ≥ 1:4 against either group A or C meningococci have 
been proposed by the authors to correlate with at least short-term 
protection against invasive disease due to these organisms.

Further information on the correlation between SBA titres and 
protection against invasive meningococcal disease emerged 
following the introduction of MenC conjugate vaccines in the 
United Kingdom in 1999. A re-evaluation of the correlates of 
protection for MenC disease was performed (89, 90) using a 
large database on effectiveness and the results of SBA testing in 
which baby rabbit complement (rSBA) was employed (91, 92). 
The source of complement in SBA assays affects the results since 
higher SBA titres are obtained with the majority of sera when baby 
rabbit complement is used rather than human complement (93). 
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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 UK reference laboratory methodology correlated with 
short-term protection (93). The threshold for MenA conjugate 
vaccine remains to be established.

C.2.1.2 Assay of MenA-specific antibody (e.g. ELISA)
Depending on the methodology, the assay may measure total MenA-specific 
anti-capsular antibody or measure only IgG, IgG subclasses or IgM. However, 
only a proportion of the capsule-specific antibody detected may be functional 
and functionality would be affected by antibody isotype and avidity. The 
concentration of anti-capsular antibody required for protection against 
meningococcal disease is not known with any degree of certainty.

In one study in Finland, an anti-capsular antibody concentration 
of 2  μg/ml measured by radioimmunoassay (RIA) appeared to 
correlate with protection following vaccination with unconjugated 
MenA polysaccharide (93, 94).

C.2.2 Criteria for assessment of immune responses
Despite the above considerations, there is currently no well established 
immunological correlate of protection for MenA disease. Therefore, the overall 
assessment of the SBA titres elicited by a MenA conjugate vaccine should 
take into account proportions of vaccinees who achieve levels presumed to be 
protective (depending on the mode of assay), reverse cumulative distributions, 
increments in titres from pre- to post-vaccination and geometric mean titres 
(GMTs). If data on concentrations of MenA-specific antibody are also generated, 
a similar approach should be taken in the assessment.

The immune response parameter chosen for the primary assessment of 
immunogenicity in any one study will depend on whether the candidate MenA 
conjugate vaccine is to be compared with a licensed unconjugated vaccine or 
with an unvaccinated group. This will in turn reflect the population selected 
for investigation as discussed in C.1.2 and C.1.3 and the anticipated pre-
existing SBA titres that may reflect any prior vaccinations and natural exposure. 
Whichever parameter is considered to be primary (see below), between-group 
comparisons based on the other parameters (as above) should also be presented.

In the situation described in C.1.2 there may be a high rate of pre-
existing circulating antibody. Therefore, the focus should be on demonstrating 
that the proportion of vaccinees in the group given the conjugate vaccine that 
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achieves a predefined increment in SBA titre from pre-vaccination to post-
vaccination (e.g. a ≥  4-fold rise) is non-inferior to that in the group given 
the unconjugated vaccine. The predefined margin of non-inferiority should 
be carefully justified and should take into account previous data regarding 
responses to unconjugated MenA vaccines in the population(s) chosen for 
study (e.g. described by age and geographical location).

In the situation described in C.1.3 there are several ways in which the 
potential protective efficacy conferred by a candidate MenA conjugate might be 
assessed. These include, but are not necessarily limited to:

 ■ Comparison of the proportions of vaccinees reaching SBA titres 
considered likely to be protective at least in the short term and also 
a comparison of the proportions reaching a selected higher titre 
(chosen according to the SBA assay used) between those vaccinated 
with the candidate MenA conjugate and the unvaccinated group. 
In this case the proportions in the vaccinated cohort that reach 
the predefined cut-off points should be superior to those in the 
unvaccinated group. The predefined margin of superiority should be 
carefully justified.

 ■ Comparison of the proportions of vaccinees reaching predefined 
titres (e.g. as described in the paragraph above) and/or GMTs, 
between infants given the MenA conjugate vaccine and older 
people (e.g. children aged at least 3 years old) given unconjugated 
vaccine. Ideally, the older cohort given the unconjugated vaccine 
should be included as an additional arm in a study that provides 
a direct comparison between vaccinated and unvaccinated infants 
in order to provide a contemporary control group. In this way, sera 
from all three study groups (i.e. conjugated or unconjugated vaccine 
and unvaccinated) can be assayed in the same laboratory using the 
same methodology. In this case the responses in vaccinated infants 
should be non-inferior to those observed in older people given 
unconjugated vaccine.

Data collected from the unvaccinated group on maternal antibody and 
the natural acquisition of antibody during the first few years of life should be 
taken into account when assessing the overall risk–benefit relationship for the 
candidate MenA conjugate vaccine in infants.

C.2.3 Antibody persistence and the need for booster doses
The possibility that induction of an immune memory response would be an 
important component of protection afforded by conjugate vaccines led to 
previous recommendations that their ability to elicit immunological memory 
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should be assessed during clinical studies (7, 22, 38). However, despite the 
demonstrated ability of licensed Hib, MenC and pneumococcal conjugate 
vaccines to elicit immune memory, the relative importance of this phenomenon 
for longer-term protection against invasive infections with these organisms has 
been questioned in recent years. For example in the UK, one year following 
routine infant immunization with monovalent MenC conjugate vaccines, 
effectiveness has been demonstrated to decline (96). This observation, together 
with the rapid decline of MenC-specific SBA titres after the primary series 
(97) and the rapid onset of meningococcal infection in vaccine failures (98) 
has pointed to a lesser importance of immune memory relative to circulating 
bactericidal antibody concentrations for maintaining protection against invasive 
meningococcal infections.

As a result, the documentation of antibody persistence after 
administration of MenA conjugate vaccines by following SBA titres over time is 
considered to be crucial. Pre-licensure, these data may be limited (e.g. to around 
6–12 months post-primary series). Therefore, at the time of initial licensure, 
plans should be in place to follow antibody levels in selected cohorts. Together 
with information on effectiveness (see C.3), these data should indicate whether 
booster doses are needed and, if so, when they should be given to maintain 
protection.

Despite the shift in emphasis from immune memory to persistence of 
adequate antibody concentrations for assessing long-term protection, it is still 
considered important that the characterization of the immune response to the 
priming dose(s) should include demonstration of an anamnestic response to a 
booster dose of a MenA conjugate vaccine when administered at least 6 months 
after completion of the primary series. It is also recommended that changes in 
the avidity of MenA-specific IgG from pre- to post-primary series and before 
and after a booster dose of conjugate vaccine should be evaluated at least in a 
subset of vaccinees.

The investigation of the induction of immune memory during 
the primary series has often been assessed by administration of a 
challenge dose of unconjugated saccharide at least 6 months later. 
The challenge dose has usually consisted of a small amount of an 
appropriate licensed unconjugated saccharide vaccine. However, 
there is no licensed monovalent unconjugated MenA saccharide 
vaccine that could be used to provide such a challenge dose.2 This 

2 The term “challenge dose” refers to the administration of unconjugated polysaccharide to mimic 
encounter with the organism.
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means that, if performed, the challenge would have to be made 
with reduced doses of a licensed unconjugated MenA/C or A/C/
W135/Y vaccine.

Depletion of immunological memory and antibody 
hyporesponsiveness have been observed after a dose of 
unconjugated MenC vaccine, particularly in young children (99–
101). Although the clinical consequences of these observations 
are not clear, the use of a conjugated MenA booster to assess 
immunological memory circumvents any concern there might be 
regarding challenge with an unconjugated vaccine that contains 
MenC saccharide in addition to MenA saccharide.

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 such an 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 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 are not already components of existing licensed vaccines), 
the immune response to the carrier 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 preformulated products than following separate but concomitant and/
or separate and non-concomitant administration (e.g. lower responses to Hib 
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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 
the same combined vaccine. Therefore, if a candidate MenA conjugate vaccine 
is 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.

Ideally, studies should aim to demonstrate non-inferiority of SBA 
responses to the candidate MenA conjugate when included in the combined 
vaccine compared to when it is administered alone. The predefined margins 
for non-inferiority require careful justification. However, the design of such 
studies might become very complex if the combined formulation containing 
the MenA conjugate were to include one or more other antigens not previously 
combined together. Thus, due to problems of feasibility, alternative study designs 
may have to be considered. For example, if there is already a MenA conjugate 
vaccine approved for use in the age group of interest for the test product then a 
comparison of anti-MenA SBA titres between the test vaccine and the licensed 
vaccines may suffice for reassurance that there is no important adverse effect on 
immune responses to the candidate MenA conjugate when it is included in the 
combined product. Whatever the study design, the immune responses to all the 
antigens in the final combined formulation should be shown to 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
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 (102). 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 compared to co-administration with MenC-CRM197 conjugates.

Therefore it is important that immune responses to candidate MenA 
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 
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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 predefined 
non-inferiority margins.

C.3 Postmarketing studies and surveillance
The information in the application dossier is likely to be restricted to studies 
in certain geographical areas and to populations with particular demographic 
features. Also, the total population evaluated for safety in pre-licensure clinical 
studies may be limited such that only those adverse events that occur at a 
frequency of at least 1/1000 persons vaccinated can be described with any degree 
of confidence (section B.7.4 in reference 88). Therefore, it is considered crucial 
that well-developed plans are in place prior to licensure for the assessment of 
vaccine safety and effectiveness during routine use in the postmarketing period.

Issues to be explored include the assessment of longer-term antibody 
levels in selected cohorts (as mentioned in section C.2.3) and the impact of 
vaccination on meningococcal carriage. Depending on the choice of and the 
immune response to the carrier protein, special attention may need to be paid 
to the possibility that the safety profile of the vaccine could be affected.

In reality, sound and comprehensive data on safety and effectiveness 
cannot be collected by the manufacturers alone. Therefore, there should be 
planned collaborations between market authorization holders (MAHs) and 
national and international public health bodies.

All data collected should be submitted to the responsible regulatory 
authorities at regular intervals so that any implications for the marketing 
authorization can be assessed.

Part D. Recommendations for national regulatory 
authorities
D.1 General
National regulatory authorities are responsible for ensuring that products 
released for public distribution are evaluated properly and meet international 
standards of quality and safety, and they are expected to exercise control 
functions published by WHO in a competent and independent manner, backed 
up with enforcement power.

The general recommendations for control laboratories contained in the 
Guidelines for national authorities on quality assurance for biological products 
(103) should be applied.

In addition, as part of overall vaccine evaluation, the national regulatory 
authorities are responsible for the nonclinical and clinical assessment of MenA 
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conjugate vaccines (as mentioned in parts B and C of these recommendations) 
and it is essential that adequate resources and procedures are in place to ensure 
comprehensive evaluation of the data. The role of national regulatory authorities 
as well as general principles for nonclinical and clinical evaluation of vaccines 
are described in WHO guidance documents (88, 103) and should be considered.

D.2 Official lot release and certification
A vaccine lot should be released only if it fulfils national requirements and/or 
Part A of these Recommendations.

A statement signed by the appropriate official of the national regulatory 
authority should be provided at the request of the manufacturing establishments 
and should certify whether or not the lot of vaccine in question satisfies all 
national requirements as well as Part A of these Recommendations. The certificate 
should state the number under which the lot was released, and the number 
appearing on the labels of the containers. Importers of MenA conjugate vaccines 
should be provided a copy of the official national release document. The purpose 
of the certificates is to facilitate the exchange of vaccines between countries.
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Appendix 1

Model summary protocol for manufacturing and control 
of group A meningococcal conjugate vaccine

The following protocol is intended for guidance, and indicates the information 
that should be provided as a minimum by the manufacturer to the national 
regulatory authority. Information and tests may be added or deleted as required 
by the national regulatory authority, 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 
recommendations for a particular product should be given in the protocol 
submitted.

The section concerning the final product must 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 must 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 the 
recommendations in Part A of the of this document.

Summary information on final lots
International name of product  
Commercial name  
Product licence (marketing authorization) no.  
Country  
Name and address of manufacturer  

Final packing lot number  
Type of container  
Number of containers in this packing lot  
Final container lot number  
Number of filled containers in this final lot  
Date of manufacturing (filling or lyophilizing, if applicable)  
Nature of final product (adsorbed)  
Preservative and nominal concentration  
Volume of each recommended single human dose  
Number of doses per final container  
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Summary of the composition 
(Include a summary of the qualitative and quantitative composition of the 
vaccine per human dose including the conjugate, any adjuvant used and other 
excipients.)  

Shelf-life approved (months)  
Expiry date  
Storage conditions  

The following sections are intended for the reporting of the results of the tests 
performed during the production of the vaccine, so that the complete document 
will provide evidence of consistency of production; thus if any test has to be 
repeated, this must be indicated. Any abnormal results should be recorded on a 
separate sheet.

Detailed information on manufacture and control
Summary of starting materials
It is possible that a number of bulk lots are used to produce a single final lot. A 
summary of the bulk polysaccharide, activated saccharide, bulk carrier protein 
and bulk conjugate lots that contribute to the final lot should be provided.

A.1.1 Control of group A meningococcal polysaccharide
Strain

Identity of meningococcal strain used in vaccine  
Origin and short history  
Authority that approved the strain  
Date approved  

Master seed lot
Lot no.  
Date master seed lot was established  

Working seed lot
Lot no.  
Date working seed lot was established  
Control tests on working seed lot  
Date of reconstitution of seed lot  
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Culture media for the production of meningococcal polysaccharide
Lot no.  
Any components of animal origin  
Certification that lot is TSE-free  

Control of single harvests
List the single harvests and indicate the medium, dates of inoculation, 
temperature of incubation, dates of harvests, volumes, results of tests for 
bacterial purity and identity, the method and date of killing, the method of 
purification, and the yield of purified polysaccharide.

Control of purified polysaccharide
Lot no.  
Date of manufacture  
Volume  

Identity
Date of test  
Method  
Specification  
Result  

Moisture content
Date of test  
Method  
Specification  
Result  

Polysaccharide content
Date of test  
Method  
Specification  
Result  

Protein impurity
Date of test  
Method  
Specification  
Result  
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Nucleic acid impurity
Date of test  
Method  
Specification  
Result  

Endotoxin content
Date of test  
Method  
Specification  
Result  

O-acetyl content
Date of test  
Method  
Specification  
Result  

Molecular size distribution
Date of test  
Method  
Specification  
Result  

Control of activated saccharide
Lot no.  
Method for activation  

Extent of activation
Date of test  
Method  
Specification  
Result  

Molecular size distribution
Date of test  
Method  
Specification  
Result  
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A.1.2 Control of the carrier protein
Microorganisms used  

Identity of strain used in carrier protein production  
Origin and short history  
Authority that approved the strain  
Date approved  

Master seed lot
Lot no.  
Date of master seed lot was established  

Working seed lot
Lot no.  
Date of working seed lot was established  
Control tests on working seed lot  
Date of reconstitution of seed lot  

Culture media for production of carrier protein  
Lot no.  
Any components of animal origin  
Certification that lot is TSE-free  

Tests on carrier protein
Identity

Date of test  
Method  
Specification  
Result  

Purity
Date of test  
Method  
Specification  
Result  

Toxicity (if applicable)
Date of test  
Method  
Specification  
Result  
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Extent of derivatization (if applicable)
Date of test  
Method  
Specification  
Result  

A.1.3 Control of purified bulk conjugate
Production details of bulk conjugate
List the lot numbers of the saccharide and carrier protein used in the manufacture 
of the conjugate vaccines, the production procedure, date of manufacture and 
yield.

Tests on purified bulk conjugate
Residual reagents

Date of test  
Method  
Specification  
Result  

Conjugation markers
Date of test  
Method  
Specification  
Result  

Capping markers
Date of test  
Method  
Specification  
Result  

Group A meningococcal saccharide content
Date of test  
Method  
Specification  
Result  

Conjugated and unbound (free) saccharide
Date of test  
Method  
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Specification  
Result  

Protein content
Date of test  
Method  
Specification  
Result  

Saccharide to protein ratio
Date of test  
Method  
Specification  
Result  

Molecular size distribution
Date of test  
Method  
Specification  
Result  

Sterility
Method  
Media  
Volume tested  
Date of inoculation  
Date of end of test  
Specification  
Result  

Specific toxicity of carrier protein (if applicable)
Method  
Strain and type of animals  
Number of animals  
Route of injection  
Volume of injection  
Quantity of protein injected  
Date of start of test  
Date of end of test  
Specification  
Result  
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Depending upon the conjugation chemistry used to produce the vaccine, suitable 
tests should also be included demonstrating that residual reagents and reaction 
by products are below a specified level.

A.1.4 Control of final bulk
Lot no.  

Name and nature of adjuvant, if used  
Lot no.  
Final concentration in the final bulk  

Name and nature of preservative, if used  
Lot no.  
Final concentration in the final bulk  

Name and nature of stabilizer, if used  
Lot no.  
Final concentration in the final bulk  

Test on final bulk
Sterility

Method  
Media  
Volume tested  
Date of inoculation  
Date of end of test  
Specification  
Result  

A.1.5 Filling and containers
Lot no.  

Date of sterile filtration  
Date of filling  
Volume of final bulk filled  
Filling volume per container  
Number of containers filled (gross)  
Date of lyophilization (if applicable)  
Number of containers rejected  

during inspection  
Number of containers sampled  
Total number of containers (net)  
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Maximum period of storage approved  
Storage temperature and period  

A.1.6 Control tests on final lot
Tests on final lot
Appearance before reconstitution (if applicable)1

Date of test  
Method  
Specification  
Result  

Appearance (after reconstitution)  
Date of test  
Method  
Specification  
Result  
Lot no. of diluent used  

Identity
Date of test  
Method  
Specification  
Result  

Sterility
Method  
Media  
No. of containers tested  
Date of inoculation  
Date of end of test  
Specification  
Result  

Group A meningococcal saccharide content  
Date of test  
Method  
Specification  
Result  

1 Only applies to lyophilized vaccines.
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Conjugated and unbound (free) saccharide  
Date of test  
Method  
Specification  
Result  

Molecular size distribution  
Date of test  
Method  
Specification  
Result  

Residual moisture1  
Date of test  
Method  
Specification  
Result  

Pyrogen content  
Date of test  
Method  
Specification  
Result  

Adjuvant content (if applicable)2

Date of test  
Nature and concentration of adjuvant  

per human dose  
Method  
Specification  
Result  

Preservative content (if applicable)
Date of test  
Method  
Specification  
Result  

2 Only applies when adjuvant is present in the final container.
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General safety test  
Date of test  
Method  
Specification  
Result  

pH
Date of test  
Method  
Specification  
Result  

Immunogenicity (if applicable)3  
Method  
Strain and type of animals  
Number of animals (per group)  
Route of injection  
No. and volume of injections  
Quantity of MenA saccharide injected  
Date of start of test  
No. of pre-/post-immunization sera tested  
Date of end of test  
Specification  
Result  

Stability4

Indicate separately all relevant details including changes in the proportion 
of free saccharide, molecular size distribution, pH, residual moisture and 
immunogenicity in accelerated degradation tests, and after storage for the 
maximum period claimed for the product at the recommended temperature.

Separate adjuvant5

Summary of production details of adjuvant
When an adjuvant suspension is provided for the reconstitution of lyophilized 
vaccine a summary protocol of production and control details should be 

3 Needed only for a sufficient number of batches to validate the production method. Not required for 
routine lot release.

4 Needed only for sufficient batches to validate production method and proposed shelf-life.
5 This section is only required when adjuvant is provided separately for the resuspension of a lyophilized 

vaccine.
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provided. The information provided and tests performed will depend on the 
adjuvant used.

Summary information on adjuvant
Name and address of manufacturer  
Nature of the adjuvant  
Lot no.  
Date of manufacturing  
Expiry date  

Tests on adjuvant
Adjuvant content

Date of test  
Method  
Specification  
Result  

Appearance
Date of test  
Method  
Specification  
Result  

pH
Date of test  
Method  
Specification  
Result  

Pyrogenicity6

Date of test  
Method  
Specification  
Result  

Sterility
Method  
Media  

6 A pyrogen test of the adjuvant is not needed if a pyrogen test was performed on the adjuvant 
reconstituted vaccine.
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No. of containers tested  
Date of inoculation  
Date of end of test  
Specification  
Result  

Certification by the manufacturer
Name of head of control of the manufacturer  

Certification by person from the control laboratory of the manufacturing company 
taking overall responsibility for the production and control of the vaccine.

I certify that lot no.  of Group A Meningococcal Conjugate Vaccine, 
whose number appears on the label of the final containers, meets national 
requirements and satisfies Part A of the WHO Recommendations to assure the 
quality, safety and efficacy of group A meningococcal conjugate vaccines (WHO 
TRS 962).

Signature  
Name (typed)  
Date  
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Appendix 2

Model certificate for the release of group A meningococcal 
conjugate vaccines

This certificate is to be provided by the national regulatory authority of the 
country where the vaccines have been manufactured, upon request by the 
manufacturer.
Certificate no.  

Lot release certificate
The following lot(s) of group A meningococcal conjugate vaccine 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 to assure the quality, safety and efficacy of group  A 
meningococcal conjugate vaccines (WHO TRS 962)5, and comply with Good 
manufacturing practices for pharmaceutical products6 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. 962, 2011, Annex 2.
6  WHO Technical Report Series, No. 823, 1992, Annex 1.
7  WHO Technical Report Series, No. 822, 1992, Annex 1.
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WHO recommendations and guidelines for production 
and control of vaccines and other biologicals are scientific 
and advisory in nature and provide guidance for national 
regulatory authorities and for vaccine manufacturers (www.
who.int/biologicals). They form the basis for the acceptability of 
products globally. These recommendations feature stability as 
an important element and provide guidance for stability testing 
for individual vaccines. The following text is written in the form 
of guidelines instead of recommendations because vaccines 
represent a heterogeneous class of agents, and the stability 
testing will need to be adapted for the product in question. 
Guidelines allow greater flexibility than Recommendations 
with respect to specific issues related to particular vaccines.
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1. Introduction
The stability of vaccines has a major impact on the success of immunization 
programmes worldwide. As part of its efforts to assure vaccine quality, WHO 
has acknowledged the importance of clearly defining the stability characteristics 
of a vaccine and emphasizes the role of national regulatory authorities in overall 
vaccine evaluation.

The aim of this document is to provide the scientific basis and guiding 
principles for evaluation of vaccine stability for the purpose of clinical trial 
approval, licensing, and post-licensure monitoring.

The temperature sensitivity of vaccine characteristics, particularly 
potency, led to the development of storage and cold chain requirements for all 
vaccines. In the 1980s and at the beginning of the 1990s, a major WHO focus was 
on thermostability testing, as measured by potency assays, as part of lot release. 
More recently, guidance has addressed the importance of studies performed 
under real storage conditions, in real time, and with other relevant environmental 
factors. In addition, the WHO guidelines for nonclinical and clinical evaluation 
of vaccines, stress a need for stability data to support approval of a clinical trial 
(1, 2). However, until now there has been no comprehensive guidance document 
available which deals with the evaluation of the stability of vaccines at different 
stages of their development, production, licensing, lot release and post-licensing.

At its fifty-first meeting, the Expert Committee on Biological 
Standardization recommended that WHO set up a working group on stability 
evaluation of vaccines to examine this issue. The first meeting of the working 
group was held at the Paul Ehrlich Institute, in Langen, Germany, in February 
2002, when key issues to be included in guidelines were identified. At its second 
meeting, held at WHO, Geneva, in 2004, the working group suggested further 
additions and improvements to the proposed guidelines including guidance on 
the design of stability studies. Reviews of stability studies undertaken on different 
types of vaccines were carried out in 2004 and 2005. These revealed problems 
in the conduct, analysis and the interpretation of data. In particular, difficulties 
were identified with the application of the pharmaceutical accelerated stability 
testing programme to vaccines and with the mathematical models used in data 
analysis. Additionally, differences in current practice with regard to the selection 
of parameters measured and the frequency of testing were identified. Two 
extremes were noted. In some cases numerous parameters were evaluated while 
in others only potency was examined. Similarly, the frequency and the rationale 
for defining appropriate intervals of testing varied considerably.

Furthermore, the assignment of shelf-life to intermediates, as well as their 
cumulative age, was identified as a problem for both vaccine manufacturers and 
national regulatory authorities. The stability assessment of combined vaccines 
is an additional issue. A survey of current approaches to the stability testing of 
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vaccines targeting both manufacturers and regulatory practices was conducted 
in 2006. The outcomes of all these activities were used to define the scope and to 
provide the guiding principles set out in this document.

The intention of this document is to complement current WHO 
recommendations for stability testing of individual vaccines, as described in 
the WHO Technical Report Series, by providing a set of general principles and 
a description of their application. The first part of the document is devoted to 
general considerations on the stability evaluation of vaccines. This is followed 
by a discussion of the stability of vaccines during the manufacturing process 
and in subsequent use, focusing on intermediates and final products. Regulatory 
expectations for stability studies to be conducted at different stages of 
development (i.e. clinical trial approval, licensing, lot release and post-licensure 
monitoring) are indicated in a separate section. The selection of samples and 
assays employed in the studies performed for different purposes, as well as 
the expression of results, are discussed in the section on the design of stability 
studies and statistical considerations. Key issues in the analysis of data are also 
considered and approaches to the analysis of the results of stability testing 
are described. The document effectively gives manufacturers two options for 
stability testing with respect to the design and data analysis:

 ■ the “traditional” method based on the compliance with the 
acceptance criterion and determination of shelf-life as the time 
associated with the last measurement within the specification; and

 ■ the “new” method, where statistical evaluation is used to define an 
expiry date through extrapolation of the data.

Early in the development process the manufacturer is encouraged to 
discuss with the national regulatory authority these approaches for the study 
design and data analysis and their suitability for the product in question.

In developing this document, guidelines for stability evaluation of 
medicines, including biologicals, issued by WHO and other bodies (3–9) were 
considered. The present guidelines are not intended to conflict with any of 
these existing documents but rather to complement them with vaccine-specific 
considerations.

2. Scope
These guidelines apply to all vaccines against infectious diseases.

It is important to note that the focus of these guidelines is on how to 
evaluate vaccine stability, not to provide guidance on how to stabilize a vaccine. 
Genetic stability is not considered in these guidelines.
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Thermal stability testing as part of lot release is only mentioned in the 
context of the overall stability assessment, whereas recommendations for specific 
vaccines are provided in the documents on each individual vaccine.

3. Glossary
The definitions given below apply to the terms used in these guidelines. They 
may have different meanings in other contexts.

Accelerated stability studies: studies designed to determine the rate 
of change of vaccine properties over time as a consequence of the exposure to 
temperatures higher than those recommended for storage. These studies may 
provide useful support data for establishing the shelf-life or release specifications 
but should not be used to forecast real-time, real-condition stability of a vaccine. 
They could also provide preliminary information on the vaccine stability at early 
developmental stages and assist in assessing the stability profile of a vaccine 
after manufacturing changes.

Adjuvants: substances that are intended to enhance relevant immune 
response and subsequent clinical efficacy of the vaccine.

Combined vaccine: a vaccine that consists of two or more antigens, 
combined by the manufacturer at the final formulation stage or mixed 
immediately before administration. Such vaccines are intended to protect against 
either more than one disease, or against one disease caused by different strains 
or serotypes of the same organism.

Conjugated vaccine: a vaccine produced by covalently binding an 
antigen to a carrier protein with the intention of improving the immunogenicity 
of the attached antigen. This technique is most often applied to bacterial 
polysaccharides for the prevention of invasive bacterial disease.

Expiry date: the date given on the individual container (usually on the 
label) of a final vaccine up to and including which, the product is expected to 
remain within specifications, if stored as recommended. It is established for each 
batch by adding the shelf-life period to the date of manufacture or the starting 
date of the last potency test.

Intermediates: material produced during the manufacturing process, 
which is not yet in the final product, but whose manufacture is critical for the 
successful production of the actual vaccine. As part of quality assessment, both 
quantifiable and qualitative parameters of an intermediate should be defined 
and specifications established to determine the successful completion of the 
manufacturing step prior to continuation of the manufacturing process. This 
includes material that may undergo further molecular modification or be held 
for an extended period of time prior to further processing.
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Release specification: a specification that a lot of a product should meet 
at the time of release in order to assure that the lot will maintain adequate 
quality throughout its shelf-life.

Real-time, real-condition stability studies: studies on the physical, 
chemical, biological, biopharmaceutical and microbiological characteristics 
of a vaccine, during and up to the expected shelf-life and storage periods of 
samples under the expected handling and storage conditions. The results are 
used to recommend storage conditions, and to establish the shelf-life and/or the 
release specifications.

Shelf-life: the period of time during which a vaccine, if stored correctly, 
is expected to comply with the specification1 as determined by stability studies 
on a number of batches of the product. The shelf-life is used to establish the 
expiry date of each batch. Shelf-life is used for the final product; storage period 
is used for the intermediates.

Stability-indicating parameters: parameters that are direct or indirect 
indicators of vaccine efficacy or safety demonstrated in clinical trials. They are 
used to assess product suitability throughout the shelf-life. Determination of 
these parameters should result in quantitative values with a detectable rate of 
change. Qualitative parameters such as sterility could also be considered but 
cannot be included in the statistical analysis.

Stability of vaccines: stability is the ability of a vaccine to retain its 
chemical, physical, microbiological and biological properties within specified 
limits throughout its shelf-life.

Stability tests: a series of tests designed to obtain information on the 
stability of a vaccine in order to define its shelf-life and utilization period under 
specified packaging and storage conditions.

Storage period: time period during which an intermediate may be held 
under appropriate storage conditions.

Supporting stability data: supplementary data, such as stability data on 
small-scale batches, related formulations, and products presented in containers 
other than those proposed for marketing, and scientific rationales that support 
the analytical procedures, the proposed retest period or the shelf-life and 
storage conditions.

Stress testing: studies performed to determine the impact of extreme 
environmental factors such as light and extreme temperature. These studies are 
not usually performed as part of a stability programme, but are used instead 
to establish protective packaging and container conditions, and to support 
exclusionary labelling.

1 “Shelf-life specifications” are those specifications that should be met throughout the shelf-life of the 
vaccine (should not be confused with “release specification”).
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Thermal stability as lot release test: stability of a vaccine after exposure 
to a temperature higher than that recommended for storage, for a specified 
period of time, often expressed in terms of change in potency.

Utilization period: period during which a liquid or a reconstituted 
preparation of the final vaccine in an opened container can be used.

Vaccines: a heterogeneous class of medicinal products containing 
immunogenic substances capable of inducing specific, active and protective 
host immunity against infectious disease.

4. General considerations
The main principles of stability testing of pharmaceuticals, described in WHO 
guidelines (3) apply, in general, to biologicals. However, special considerations 
are needed in the application of these principles to vaccines.

Most vaccines are large and complex molecular assemblies that are 
highly susceptible to environmental factors that may significantly affect their 
activity. Vaccines consist of complex mixtures of proteins, carbohydrates, lipids, 
inactivated microorganisms or, in some cases, live attenuated microorganisms 
as active components, as well as stabilizers, adjuvants, preservatives and other 
substances which together contribute to the overall efficacy and safety of the 
vaccine. The intention of these WHO guidelines for stability evaluation of 
vaccines is to discuss vaccine-specific issues and to facilitate the development 
of “vaccine-tailored” stability assessment procedures. Such issues include 
the inherent sensitivity of biological substances to changes in environmental 
conditions, the importance of tests reflecting potency and their degree of 
uncertainty, and the fact that, in general, a single parameter is insufficient to 
document stability and that a stability profile has to be established. In addition, 
considerations of microbiological aspects such as bioburden or sterility of 
intermediates or final products and effectiveness of antimicrobial agents may 
have to be addressed.

Among the environmental factors considered to influence 
pharmaceuticals, the only one that affects characteristics of all vaccines over 
time is temperature. The impact of humidity is not relevant for the vast majority 
of vaccines due to their liquid formulation, and the protective nature of the 
packaging, providing that the closure system of the vial or ampoule is appropriate. 
In addition to temperature, other environmental factors (e.g. light) might be 
considered in the development of new vaccines. However, photostability is not 
considered as a mandatory test in vaccine stability studies. For those vaccines 
that are susceptible to the light, such as Bacillus Calmette-Guérin (BCG) 
vaccine, the use of amber glass is part of the usual practice in packaging and 
shipment. This is, however, a measure to protect the vaccine from light and does 
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not require the exposure of vaccines already known as being susceptible, to light 
in routine stability studies.

Stress testing of extreme environmental conditions such as light or 
extreme temperatures is not mandatory in vaccine stability studies. However, it 
should be considered when a vaccine is intended for a market where exposure to 
extreme temperature or other environmental factors is a real possibility. Stress 
testing also helps to determine the intrinsic stability of a vaccine by establishing 
degradation pathways in order to identify the likely degradation products and to 
validate the stability-indicating power of the analytical procedures used. These 
studies may include exposure of a vaccine to temperatures higher than those 
recommended for storage, to light, oxidizing agents and freeze–thaw, as well as 
susceptibility to hydrolysis across a range of pH values.

A major problem in assessing vaccine stability is that many vaccines 
possess a specific biological activity that cannot be fully characterized by 
physicochemical methods alone. Biological assays play an important role in 
the quality control of vaccines and are essential parameters of vaccine quality. 
Potency assays based on an in vivo challenge test (e.g. Kendrick test for whole 
cell pertussis and National Institutes of Health (NIH) test for rabies vaccine) 
are typical examples of the parameters used for testing vaccine stability. Vaccine 
stability testing is based on the determination of the change in a vaccine property 
which may be a direct or an indirect indicator of vaccine immunogenicity 
or efficacy. Safety should also be considered in vaccine stability studies and 
specifications defined at the licensing stage.

The potential reversion to toxicity and changes in vaccine component 
complexes are issues specific to vaccines. Examples of parameters that could 
be tested as part of stability studies include histamine sensitizing test (pertussis 
vaccines), level of free polysaccharide, desorption from adjuvant and aggregation 
of adjuvant. Sensitivity to detect change is an important attribute of assays that 
measure stability-indicating parameters that are likely to be clinically relevant.

Tests incorporated into vaccine stability studies used to determine 
vaccine characteristics, including biological activity (e.g. potency, antigen 
content and specific toxicity), are performed before or after vaccine exposure to:

 ■ recommended storage temperature (real-time real storage conditions 
studies); or

 ■ temperatures higher than those recommended for storage 
(accelerated stability studies). 

Given the inherent variability of biological assays, the use of reference 
materials is of critical importance in the interpretation of the data generated 
in stability studies. Reference materials should be calibrated against the 
International Biological Standard when available. The purpose of International 
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Standards is to ensure comparability of vaccine potency worldwide. In response 
to the global need for reference materials, WHO’s biologicals programme, 
together with its collaborative centres, has focused on the establishment of 
International Standards and Reference Preparations for vaccines and other 
biologicals (http://www.who.int/biologicals/IBRP/index.htm). The stability 
evaluation of International Standards and reference materials is an essential 
element in the establishment of such standards and is discussed in the WHO 
recommendations for international reference materials (10). It is also the subject 
of a separate WHO initiative and is not discussed further in this document. 
However, where an International Standard or Reference Reagent is a vaccine 
lot, some of the considerations described in this document may apply. The 
importance of stable reference preparations in the stability assessment of 
vaccines is critical and is discussed later in the section on the design of studies 
and statistical considerations (section 7.3).

5. Stability evaluation at different stages of production 
and use
The current concept of the quality assurance of vaccines is based on the 
overall consistency of production, involving several in-process controls, rather 
than being based simply on a single lot release assay. The adherence to good 
manufacturing practices is therefore of critical importance in establishing 
confidence in the production process. Stability testing should be seen as a 
continuous process from the development of the vaccine through licensing to 
post-licensure monitoring. Although the studies at different stages differ, for 
example, in terms of their design, parameters tested and the environmental 
conditions to which vaccines are exposed, in essence, this is an ongoing process 
for monitoring vaccine stability throughout the vaccine life-cycle.

5.1 Choice of stability-indicating parameters and frequency 
of testing

Depending on the nature of the antigen and other components as well as on the 
manufacturing process, stability-indicating parameters should be selected on a 
case-by-case basis.

In the selection of stability-indicating parameters, the potential clinical 
implications of the observed changes must always be considered. Ideally, stability-
indicating parameters should reflect the link between vaccine quality and 
efficacy or safety as demonstrated in clinical trials. For most vaccines, potency 
is considered as a stability-indicating parameter that reflects potential impact 
of environmental conditions on the immunogenicity and subsequent protective 
efficacy of a vaccine. For example, upper and lower potency specifications for 

WHO_TRS_962.indb   181 11/8/11   1:10 PM



182

W
H

O
 T

ec
hn

ic
al

 R
ep

or
t S

er
ie

s N
o.

 9
62

, 2
01

1
WHO Expert Committee on Biological Standardization   Fifty-seventh report

live viral vaccines reflect the link of vaccine potency both with the minimum 
dose used to demonstrate the efficacy in clinical trials and the maximum dose 
shown to be safe.

Every effort should be made to identify stability-indicating parameters 
during the development of a vaccine, taking into account a potential link 
between biological activity (e.g. toxicity or potency) and safety and efficacy 
demonstrated in clinical trials.

Parameters that might change over time but have no correlation with 
efficacy and safety in clinical terms may in some cases be used to help to 
demonstrate consistency of production. Manufacturers should define the 
stability profile and propose stability-indicating parameters for the vaccine 
in question. This provides assurance that changes in product characteristics, 
including potency, will be detected by appropriate physicochemical and 
biological assays.

For live attenuated vaccines, the titre is an obvious stability-indicating 
parameter that can be directly studied on the intermediate and/or final lot. 
Parameters other than potency-indicating ones should also be considered since 
they indicate changes in vaccine quality with unknown effects on efficacy and 
safety. Such parameters may include, in addition to in vivo and in vitro potency, 
antigen content, appearance, pH, general safety, specific toxicity, antimicrobial 
agent content, completeness of adsorption, sterility, adjuvant (adsorbent) content 
and changes in physicochemical properties.

For non-live vaccines, it may not be possible or relevant to test 
the potency directly on an intermediate and this will have to be studied on 
formulated (e.g. adsorbed) vaccines. The current approach for testing frequency 
(at 3, 6, 9, 12 and 18 months and every 6 months thereafter) described for 
pharmaceuticals, does not apply to all vaccines. Therefore, appropriate time 
points for testing should be chosen to take into account the characteristics 
of the vaccine in question, the rate of change of the parameter measured, the 
purpose of testing, study design and subsequent data analysis. Time points as 
well as stability-indicating parameters should be discussed with the national 
regulatory authority in the context of study design and data analysis.

5.2 Intermediates
Vaccine production processes involve production of intermediates such as 
harvests, bulk purified antigens, bulk adsorbed/adjuvanted antigens and 
final bulks. Unless unstable or immediately needed for logistic reasons, such 
intermediates are usually not processed immediately and storage periods of up 
to several years are possible. Stability testing should be performed at different 
stages of production, namely single harvests, monovalent bulks, multivalent 
bulks and final bulks. Stability should be adequately tested and documentation 
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provided for each of the stages mentioned as appropriate for the product 
under consideration.

In view of these lengthy proposed storage times or shelf-lives, a full 
dataset demonstrating real-time stability may not be available at the time 
of authorization of a new product or of a change in the production process. 
National regulatory authorities may consider granting a licence under the 
condition that real-time/real-condition stability data would be provided on a 
continuous basis as they become available.

In such cases, accelerated stability testing may provide useful data 
to support licensing. It should be stressed that, irrespective of the design of 
accelerated stability studies, the conclusions will by definition be based on 
extrapolations from the data collected and therefore will have significant 
limitations as to their value in predicting real-time stability data. Final 
acceptance, pre-or post-licensing, of a storage period for an intermediate or a 
shelf-life for a final product should always be based on real-time/real-condition 
stability data.

Proposed storage periods should be validated by suitable stability studies 
and data submitted as part of the licensing dossier. The choice of stability-
indicating parameters as well as frequency of testing should be justified. The 
cumulative nature of the actual age of an antigen by the end of the shelf-life of 
the final product should be taken into consideration.

5.3 Cumulative age of an antigen in the final product
The stability of the characteristics of a final product should be guaranteed during 
the whole shelf-life, irrespective of the age of the intermediates at the time they 
are used in the production process. Total age of all components at the end of 
shelf-life is considered as cumulative age of the product. In practice, stability 
data on the final product should include the data generated on the intermediates 
of different ages used in the final formulation.

Complete stability data covering the total cumulative age of all the 
antigens in a vaccine may not be available before approval of storage periods 
and the shelf-life or approval of their extension. Nevertheless, manufacturers are 
encouraged to collect such data on a continuous basis and to report them to the 
national regulatory authorities.

The storage conditions and periods for the intermediates should be 
specified until sufficient evidence has become available to demonstrate that the 
age of intermediates has no impact on the quality, safety and efficacy of the final 
product. Accelerated stability studies may also be performed to demonstrate 
that the stability of the final product is not affected by an aged intermediate.

National regulatory authorities are encouraged to request and assess 
the data.
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5.4 Final lot
5.4.1 Vaccine formulation
The stability of a final lot of vaccine depends on the stability of all intermediates 
as well as that of the final formulation. Therefore, data on stability of the 
intermediates as well as on the final formulation should be submitted to the 
national regulatory authority. In the case of combined vaccines, the stability of 
each component should be assessed and these data included in the manufacturer’s 
dossier. Cumulative stability and its potential impact on the stability and overall 
quality of the final vaccine should be carefully considered. Stability testing of the 
final lot could be performed for different purposes and the details on the design 
and subsequent data analysis are provided in sections 7 and 8 of these guidelines.

5.4.2 Vaccine presentation, container and closure system
In addition to the data on stability of the final formulation, other factors that 
may affect the stability of a vaccine during its use should also be tested in the 
stability study. Potential interactions between the vaccine and container and 
closure system are particularly important for vaccines in liquid form. The impact 
of the closure system on vaccine stability and quality in general should be tested 
by exposing samples to and maintaining them in different positions during a 
certain period of time. These positions should mimic possible situations that 
may occur during the transport and storage of the vaccine and that provide 
contact between vaccine and the closure system (in the upright, horizontal or 
inverted position).

5.4.3 Stability of freeze-dried vaccines
Data to support proposed use of vaccine after reconstitution, maximum storage 
period and storage conditions should be generated as part of the stability study 
performed on the final lot.

In the assessment of freeze-dried vaccines, residual moisture should be 
specified. Reconstitution period (time needed for reconstitution) and appearance 
of reconstituted vaccine should be defined.

The stability of a diluent should be tested as a stand-alone component as 
well as in the context of reconstituted vaccine.

5.4.4 Stability of a vaccine in the case of known “short-time excursions” 
outside the labelled storage conditions

In general, during production, storage, handling, transportation and use, a 
vaccine has to be kept under the recommended storage conditions, in particular, 
temperature, which guarantee the maintenance of its quality and hence its safety 
and efficacy. All possible measures should be taken to avoid exposure of the 
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product to inappropriate temperatures either too high or too low (e.g. freezing 
adversely affects adsorbed antigens). The use of temperature loggers or vaccine 
vial monitors (VVM) is intended to detect exposure of vaccine to temperatures 
outside or beyond the recommended limits (10, 11).

For logistic reasons “short-time excursions” outside the validated 
cold-chain may occasionally be inevitable, in particular during handling and 
transportation, and use of the vaccine in climatic zones with high temperatures. 
When such a need is identified for a given vaccine, studies under conditions 
that mimic, as far as possible, those of the foreseeable exposures should be 
performed. Such studies should involve exposure to suitable temperatures, 
higher than those recommended for storage, for a defined period. The studies 
usually involve parameters reflecting vaccine potency (e.g. immunogenicity, 
antigen content and molecular size distribution) but, in some cases, may also 
include other stability-indicating parameters (e.g. free saccharides for conjugated 
polysaccharide vaccines, tests for molecular integrity and degradation products, 
abnormal and specific toxicity, reversibility of detoxification and residual 
moisture). For freeze-dried vaccines, exposure studies on the reconstituted 
product may also provide useful results.

6. Stability evaluation of vaccines: regulatory 
considerations
Stability evaluation is a vital part of the assessment of the vaccine quality 
and safety subject to detailed regulatory oversight. The purpose of stability 
studies is to help assure that vaccines are of acceptable quality and hence have 
suitable safety and efficacy profiles at the end of their shelf-lives or storage 
periods, under the recommended environmental conditions. Stability studies 
on vaccines are conducted to determine the storage period of intermediates, to 
determine or modify a maximum shelf-life or minimum release specification 
for final product, and to monitor vaccine stability post-licensure. Another 
goal of stability studies is to provide information for subsequent comparability 
studies following changes in manufacturing or formulation. Stability data 
helps to ensure that the marketed product remains within specifications for its 
entire shelf-life.

A stability protocol is an important element of the manufacturer’s dossier 
and should include all tests performed to support the shelf-life of the vaccine in 
question. Given that the assurance of stability is a continuous process, the dossier 
submitted for licensing needs to be supplemented with the data from stability 
studies completed afterwards. Data provided for licensure should be generated 
on the lots representative of the intended manufacturing scale production as 
well as of the final formulation.
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National regulatory authorities should ensure that the appropriate 
stability studies have been performed at all stages of production and that 
they adequately support the proposed conditions for storage. Changes in 
manufacturing will necessitate additional stability studies and regulatory 
approval.

6.1 Stability studies for approval of clinical trials
Vaccines under development should be fully characterized before initiation 
of phase III clinical trials (1, 2). Sufficient stability data should be generated 
to characterize stability of the lots during clinical trials. Since the correlates 
of protection are often not known at this stage, it is usually difficult to define 
an appropriate potency assay or other stability-indicating parameters. Data 
generated in previous phases of clinical evaluation (phases I and II) could be 
used to model doses and other parameters for phase III clinical trials. Potential 
degradation products that could develop over time should be identified.

In addition to real-time data, accelerated stability data may play a role in 
providing this information. Mathematical models may be used to estimate the 
potency of vaccines given in clinical trials. 

All relevant documentation and data should be available to the 
regulatory authorities.

6.2 Stability evaluation for licensing
The stability of a vaccine, and therefore the proposed shelf-life, expiry date and 
storage conditions should be determined on the basis of the results of real-time 
stability studies. Stability studies should be performed on material representative 
of the final manufacturing process and final formulation. Data generated in 
accelerated stability studies may be used, in addition to real-time stability data, 
to support a proposed minimum release specification when the final product is 
subject to temperature excursions during handling and shipping. 

Extensive testing during the development of a vaccine should provide 
the information on stability-indicating parameters. Moreover, it could also help 
to establish some predictive values of the parameters that could potentially serve 
for the extrapolation of the data at the later stage. The most accurate predictions 
are based on biologically relevant mathematical modelling of stability-indicating 
parameters. The prerequisites for the extrapolation of the data are consistency of 
manufacturing, quantitative results of the assays performed on clinically relevant 
parameters, the use of appropriate design of the study and analysis of the data. 
Further considerations on the design of the studies to support licensing and the 
analysis of the data are discussed in sections 7 and 8 of these Guidelines.

Studies that support the stability of a vaccine for the purpose of 
licensing have to be performed as appropriate for a particular vaccine and the 
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documentation submitted to the national regulatory authorities. Sufficient 
stability data should be generated to support the proposed shelf-life for the 
vaccine in its final container. This should be assessed on a case-by-case basis 
taking into account vaccine characteristics and their potential relevance 
to clinical efficacy and safety. Stability of final lots as well as stability of 
intermediates should be demonstrated and supporting data submitted in the 
manufacturer’s dossier.

When a shelf-life of more than 6 months is proposed, and change 
in a stability parameter is linear, 6 months real-time, real-storage-condition 
data should be submitted as a minimum. Modelling of the minimum release 
specification with less than 12 months of data is highly unreliable. The calculated 
minimum release specification will be artificially high with fewer data. Pilot-
scale data may be acceptable providing that manufacturing-scale batches are 
tested following approval and demonstration of comparability. Real-time, real-
storage-condition data should be required for all vaccines. Stability of final bulk 
or final lot should be determined, the parameters to be measured defined, and 
specifications set. Accelerated degradation testing should be seen as a support to 
real-time, real-conditions studies, and not as a replacement for them. 

However, some production processes may have very tight timelines 
(e.g. seasonal influenza vaccines) and in such cases extrapolation of the data 
generated in previous years may be considered acceptable.

6.3 Post-licensure stability monitoring
Following licensure, continuous monitoring of vaccine stability is recommended. 
For this purpose, different designs of studies may be employed. The aim of post-
licensure stability studies is to support the shelf-life specifications and to refine 
the stability profile of the vaccine in question. Some details on the design and 
data analysis are provided in sections 7 and 8 of this document.

Data should be provided annually to the national regulatory authorities.

6.4 Thermal stability testing for lot release
Thermal stability should be considered as a vaccine characteristic that provides an 
indicator of consistency of production in the context of lot release. The thermal 
stability test is not designed to provide a predictive value of real-time stability, 
but to test for conformity with a defined specification for a tested vaccine.

Thermal stability testing is part of lot release specifications for live 
attenuated vaccines such as oral polio vaccine (OPV), measles, mumps and 
rubella vaccine (MMR) and yellow fever.

In the current WHO recommendations for individual vaccines, thermal 
stability is considered as shelf-life specification.
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However, the appropriateness of such a test for lot release of inactivated 
vaccines should be carefully considered and the need for it justified. In principle, 
if the rate of change has no relevance for the safety and efficacy of a particular 
vaccine, it would be difficult to justify a thermal stability test at lot release 
other than as an indication of lot-to-lot consistency. For example, decrease of 
the antigen content could be detected after exposure of the vaccine to elevated 
temperatures, but may or may not be directly linked with immunogenicity and 
subsequent efficacy of the vaccine. Therefore, the appropriateness of such an 
assay should be carefully considered on a case-by-case basis.

For vaccines under development, the appropriateness of thermal 
stability testing as part of lot release should be explored. Scientific rationale 
should be based on the assessment of the actual value of the test in the overall 
understanding of vaccine quality and the effect of production variables. If there 
is no added value, then thermal stability test should not be required as a lot 
release assay.

7. Design of studies and statistical considerations
The objectives of stability studies differ throughout the lifecycle of a vaccine. 
Stability studies are conducted to:

 ■ determine shelf-life and storage conditions, and to support licensing; 
 ■ monitor vaccine stability in the post-licensure period; and
 ■ support manufacturing changes by demonstrating comparability of 

product manufactured by different processes.

Design of vaccine stability studies should clearly indicate the purpose of 
the study, the analysis of the results, and subsequent interpretation of the data. 
In addition, the variability of biological assays should be carefully considered 
and an appropriate design for the study and for data analysis should be selected.

The vaccine stability study should be supported by a protocol. The study 
protocol should include the stability assay format (i.e. the number of runs of 
the assay), as well as the number of and intervals between stability study time-
points. The stability of the reference materials is also important. The results of 
a vaccine stability study may either be subject to acceptance criteria, or may 
undergo statistical analysis to estimate key vaccine stability characteristics.

7.1 Statistical considerations in design of the vaccine stability 
study

There are several statistical considerations associated with the statistical design 
and interpretation of the results of a vaccine stability study. These relate to 
estimating the risk to the vaccinees associated with receiving unsafe vaccine 
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(e.g. a vaccine with a potency higher than that demonstrated to be safe in 
preclinical or clinical studies) or ineffective (e.g. a vaccine with a potency lower 
than that demonstrated to be effective in clinical studies), as well as of the risk 
to the manufacturer that a truly acceptable product will not be supported by 
the analysis.

Stability studies supporting real-time, real conditions should be designed 
to minimize the uncertainty associated with characterizing the change in the 
product over time. This can be accomplished in several ways. Increased testing of 
larger numbers of lots at increased numbers of time-points reduces the statistical 
uncertainty in the loss rate of the product, and thus provides better information 
to assure adequate potency and safety throughout the shelf-life of the product. 
Due to the increased burden placed upon the analytical laboratories, this could 
be combined with bracketing and matrixing (section 7.2), which may be used 
to decrease the amount of testing required to determine vaccine shelf-life or 
the minimum release acceptance criterion. Uncertainty in the loss rate during 
accelerated stability studies is minimized by performing tests at the beginning 
and end of the study.

7.2 Selection and testing of samples
When the same final formulation is presented in different volume, unitage 
or mass, a bracketing design may be considered in the selection of samples. 
Bracketing is a design of stability study where the same strength and container 
closure system is used for three or more fill contents so the smallest and the 
largest container size are considered as representative of all. This design is based 
on the assumption that the stability of the intermediate condition samples is 
represented by the data generated at the extremes. This approach may require 
some data to demonstrate that this assumption is valid.

For each sample, a minimum of three lots of vaccine should be included 
in the study. An effort should be made to manufacture lots from independent 
components. If fewer than three lots are used in a study, this should be justified 
in the stability study protocol. This may result from constraints on availability 
of stability study material. More than three lots may be used in order to obtain a 
more reliable estimate of stability loss.

The use of a statistical design intended to ensure that tested samples are 
representative of all samples is known as matrixing. For this purpose different 
fractions of samples are tested at different sampling points.

7.3 Assays employed in stability studies and the expression 
of results

Every effort should be made to use quantitative assays that result in a defined 
value (e.g. potency in international units or antigen content in micrograms). 
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Descriptive results reported only as pass or fail should not be used if the assay 
can provide a defined value. The particular importance of quantitative results 
is in the determination of the rate of change where the actual measurements 
are needed for the proper analysis of the data. The use of pass or fail criteria 
is an exception and has limited value in stability studies. For example, in the 
case of a sterility test performed at the beginning and at the end of the stability 
studies, the result is usually presented as “pass”. The interpretation of such an 
outcome reflects that whatever change might occur over time, this did not affect 
the sterility of the product. However, such a result cannot be part of any analysis 
using mathematical models.

Validation of the assays is another issue of critical importance for the 
stability assessment of a vaccine. Suitable study designs may be used to mitigate 
the effect of stability assay variability. Calibration to a standard and the use of 
stable reference preparations in the stability study are crucial and should be 
carefully considered in the analysis of the data. Comparison with an unincubated 
sample from the stability lot can reduce the effect of long-term variability of 
methods such as bioassays. For this purpose, testing samples can be returned to 
a storage condition under which the vaccine is known to be stable (e.g. –70 °C), 
then tested together with unincubated samples from the stability lot. This strategy 
is appropriate if the goal of the study is to estimate loss rate. Batch testing can be 
employed when a reliable estimate of the loss rate is required.

Due to assay variability, larger numbers of lots and shorter intervals, 
resulting in more frequent testing, increase the risk that individual measurements 
will appear not to demonstrate truly acceptable product, if each individual result 
is required to conform to an acceptance criterion. Moreover, this approach also 
increases the likelihood that inappropriately long expiration dates may be set, 
increasing the risk that the studies may support the release of product that is 
not effective throughout the expiration dating period. This risk may be mitigated 
through the use of a carefully documented protocol, describing the study 
objectives, the proposed data analysis and the interpretation of the results of the 
stability study.

7.4 Design of studies in support of product licensure
Vaccine shelf-life and/or release criteria should be supported by real-time studies. 
Such studies are conducted during the development of vaccines to examine 
the kinetics of vaccine potency or other attributes. These studies should be 
conducted on materials that are representative of final process intermediates and 
commercially packaged product, but can include studies on early development 
material when a scientifically sound justification can be made. Comparability 
of full-scale manufacturing and development lots should be demonstrated. The 
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goal of these studies is to support minimum release potency or maximum shelf-
life that will ensure that the product maintains a minimally effective potency 
throughout its shelf-life, and in some cases, to ensure that degradation products 
do not exceed levels shown to be safe in clinical or preclinical studies.

Stability studies on a commercially packaged product should support 
planned exposures of a vaccine to temperatures associated with expected 
temperature excursions, as well as the storage temperature indicated on the 
label. This includes conditions for labelling, packaging and inspection, as well 
as shipping of vaccine to commercial distributors. Accelerated and long-term 
stability studies can be conducted in parallel rather than consecutively, when 
the vaccine is stable at a particular storage condition, or when it has been 
demonstrated that storage at one temperature does not affect stability of the 
vaccine under a subsequent storage condition.

Long-term stability studies on commercially packaged product should 
yield sufficient information to reveal the product kinetics as well as to establish 
shelf-life. Thus, if preliminary studies of packaged vaccine indicate nonlinear 
kinetics, with early rapid change in the product characteristics, more readings 
at early time points should be taken to better characterize the kinetics, while 
later measurements may be taken at wider intervals. More regular intervals may 
be selected when vaccine kinetics are linear. In this case, studies may also be 
designed to provide reliable early evidence of product stability.

Stability studies on process intermediates such as bulks are performed 
to establish a storage period for the intermediate. These may be performed at 
regular intervals throughout the proposed intermediate storage period and 
should support a reliable characterization of the kinetics of the intermediate. For 
example, samples from a bulk that is intended for 3 years of storage at –70 °C 
might be sampled at 6-month intervals. Data from such a study can be used to 
demonstrate maintenance of a stability characteristic throughout the proposed 
storage period or can be evaluated by statistical methods such as regression 
analysis throughout the course of the study.

A minimum of three lots of vaccine should be included in the study. If 
fewer than three lots are used, this should be justified in the stability study 
protocol. This may result from constraints on availability of stability study 
material. More than three lots may be used to obtain a more reliable estimate of 
stability loss.

Data from studies designed to support expiry dating or release criteria 
are generally analysed either by comparing individual results with minimum or 
maximum quantities known to be clinically effective or safe, or by calculating 
parameters associated with the kinetics of the vaccine attribute, and using that 
information to set release criteria or expiry dates that provide assurance of 
efficacy and safety throughout the shelf-life of the product.
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7.5 Design of continuous monitoring of post-licensure stability
Post-licensure stability studies should be conducted to monitor consistency of 
vaccine stability. One or more lots are placed on long-term stability monitoring. 
Stability parameters that should be included are attributes that relate to safety 
and efficacy of the product. Some parameters that relate to container closure, 
or to the integrity of the stability study, such as sterility, may be tested at the 
end of the study period. A physical, chemical or microbiological integrity test 
(e.g. dye penetration, decay under pressure or in a vacuum, microbial challenge 
or immersion) should be done periodically. These tests have several advantages, 
such as:

 ■ detecting a breach in the container or the closure system during the 
shelf-life;

 ■ not being time-consuming; and
 ■ reducing the potential for false-positive results of the sterility test.

The number and spacing of stability time-points should be justified 
in a stability study protocol. Strategic statistical designs may be utilized in 
conjunction with a prescribed data analysis plan, which documents the 
interpretation of statistical results, as well as actions that will be taken upon 
nonconformance with the stability study acceptance criterion.

Data from these studies are often analysed by comparison either with a 
previously set lot-specific acceptance criterion or a stability-parameter-specific 
(e.g. slope) acceptance criterion. When stability parameters are calculated from 
stability monitoring studies, these data may also be used to update stability 
estimates for the product.

7.6 Design of stability studies and analysis of the data to support 
manufacturing changes

7.6.1 Design of stability studies supporting manufacturing changes
Accelerated stability studies may be performed to support process changes that 
may be suspected to have an impact on vaccine stability. Multiple lots (at least 3) 
of vaccine manufactured by the new process should be studied side-by-side with 
multiple lots from the current process, at several (at least 3) different temperatures. 
The temperatures and times should be selected according to knowledge of the 
stability characteristics of the particular vaccine product. Accelerated stability 
studies should be designed to obtain reliable estimates of change in the stability 
characteristic. Two time-points (initial and final time) may be tested at each 
accelerated temperature to obtain a loss rate at each temperature. Two time-
points are statistically optimal when kinetics are known to be linear. More than 
two time-points should be used when there is evidence of nonlinear kinetics 
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at the accelerated temperature. Loss rates can be compared statistically across 
temperatures, between processes, to establish acceptability of the process change.

The plan for analysis of the data, as well as the acceptance criterion for 
equivalence, should be documented in a stability study protocol.

Long-term stability of the vaccine manufactured after process change 
may be characterized through the ongoing monitoring of post-licensure stability.

Data from these studies are generally analysed by comparing stability 
parameters among different lots, including lots manufactured with old and 
new processes.

7.6.2 Analysis of data from stability studies supporting process changes
When process changes are made, short-term studies at accelerated temperatures 
may support the conclusion that the process change does not influence vaccine 
stability. Loss rates from accelerated studies on current product and product 
manufactured after a process change may be compared to establish acceptable 
performance of the material manufactured using the new process. One approach 
to accomplish this is to compare the difference in loss rates at each temperature 
with a predefined acceptance criterion. A confidence interval on the difference 
in natural log loss rates at each temperature can be calculated as:

wherey  and  are the average natural log loss rates across lots, for the old and 
new process materials;

t  is a statistical constant related to the degree of confidence (usually 95%);

s is the pooled variability in natural log loss rates for old and new process 
materials;

nN and nO are the number of new and old process lots in the study.

The difference in natural log loss rates is used because this is 
approximately equal to the percentage difference in losses between the new 
and old process materials. The stability of the new process material can be 
judged satisfactory if the confidence interval meets the predefined acceptance 
criterion. If equivalence in stability between the new and the old process 
materials is postulated, then the confidence interval must fall within the two-
sided acceptance criterion. Thus, for example, if the acceptance criterion on the 
difference is –0.10 to 0.10 and the confidence interval is (–0.02, 0.08), one can 
conclude that the stability of the new process material is equal to that of the old 
process material at that temperature. If noninferiority in stability of the new 
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material relative to the old material is postulated, then the confidence interval 
must fall above the one-sided acceptance criterion.

Mathematical modelling such as Arrhenius analysis can reveal similarity 
of loss rates across accelerated conditions. The analysis should not extrapolate 
from the accelerated conditions to the storage condition on the product label, but 
rather be a direct comparison of the loss rates at the accelerated temperatures. 
Consistency of long-term stability of a process change, to the current process, 
can be monitored through the post-licensure stability programme.

8. Data analysis
The plan for analysis of data from a vaccine stability study should be documented 
in the stability protocol before initiation of the study. The plan should specify 
whether individual data points will be compared with acceptance criteria or 
subject to statistical evaluation. When the data are to be analysed statistically, the 
type of analysis as well as the interpretation and/or use of the statistical results 
should be specified.

8.1 Comparing stability study measurements with an acceptance 
criterion

The analysis of data from a vaccine stability study may require the comparison 
of stability measurements with an acceptance criterion. In such cases, 
conformity with the criterion is ensured using a fiducial interval or a confidence 
interval on the estimated stability assay measurement. This approach is not 
warranted when the measurement error has been incorporated into the stability 
acceptance criterion.

8.2 Estimation of stability parameters, including variability in 
stability estimates

Statistical modelling such as regression analysis may be used to analyse data 
from stability studies. Modelling can be performed with data collected after 
three or more stability time-points have been obtained. Early analyses, however, 
are less reliable than analyses performed later in the shelf-life, and thus should 
be interpreted carefully. Larger numbers of lots and stability time-points yield 
more precise estimates of vaccine stability.

8.3 Calculation of expiry period and/or minimum release 
potencies

In many countries, the expiry periods for vaccine products are calculated by 
testing a predefined number of lots at predefined intervals and designating the 
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expiry period as the first time at which a stability measurement falls below an 
acceptable threshold. This approach has the advantage of simplicity, but may 
yield spurious results due to assay variability. Data obtained using this type 
of analysis are not amenable to further statistical analysis, although statistical 
methods may be used to estimate minimum release potencies that are predictive 
of satisfactory material at the end of the shelf-life.

Statistical modelling such as regression analysis may be used to analyse 
real-time vaccine stability data. This method uses a statistical confidence interval 
on the regression of stability study measurements to determine the maximum 
time for which a batch is likely to conform to the expiry acceptance criterion.

Alternatively, a manufacturer may wish to calculate a minimum release 
acceptance criterion, which assures that the batch will remain within the expiry 
acceptance criterion throughout the vaccine shelf-life. This employs similar 
methods to those described for shelf-life determination, and may include factors 
related to in-use conditions in addition to the labelled storage temperature. 
The loss rates and their associated uncertainties (standard error of the slope) 
obtained by statistical analysis can be combined together with release assay 
variability to calculate a minimum release acceptance criterion. The formula 
used to estimate the minimum release acceptance criterion is illustrated for the 
case of vaccine potency:

where clinical minimum = the lowest dose of vaccine that shows adequate 
immunogenicity or efficacy, usually reported as percentage response or percentage 
protected in the tested population;

ti = time at the ith temperature;

 = loss rate at the ith temperature;

 = a statistical constant, associated with 95% confidence;

 = standard error of estimate of ; and

sAssay = release assay variability, expressed as standard error.

Commercial lots are compared to the minimum acceptance criterion 
upon manufacture, and released to the market if they exceed the minimum 
release acceptance criterion.

8.4 Analysis of post-licensure stability study data
Analysis of postmarketing stability monitoring study data depends upon the 
specific goal of the study. One approach is to compare results at each time-
point with the predefined acceptance criterion valid until the expiry date. 
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Conformance with the acceptance criterion is assured using a fiducial interval 
or a confidence interval on the estimated stability assay measurement. 
Alternatively, statistical modelling such as regression analysis can be used to 
estimate the vaccine stability as shown in the stability monitoring study. The 
predicted value from the regression analysis uses all of the data collected on the 
lot to estimate the lot characteristic at the specified stability time-point. As with 
individual stability time-point measurements, conformance to the acceptance 
criterion is assured using a confidence interval on the predicted value from 
the regression. When stability parameters are calculated in stability monitoring 
studies, these data may also be used to update product-specific estimates of 
stability, normally reducing the uncertainty inherent in these estimates.

9. Stability evaluation of combined vaccines
Each vaccine component (after combination) should be tested to support initial 
licensure of combined vaccines. Determination of the shelf-life of a combined 
vaccine should be based on the shortest shelf-life component. Data generated on 
monovalent vaccines should support stability of a combined vaccine. However, 
stability of a combined vaccine should not be based on extrapolation of the 
stability data of the individual components alone.

The issue of cumulative age of intermediates and its potential impact on 
the vaccine quality and stability of the final product of combined vaccine should 
be carefully considered.

10. Labelling
Labelling should be adequate for the proposed storage (suitable quality of label) 
and in general should meet national requirements for labelling. With respect 
to stability, recommended storage conditions and expiry date should be clearly 
indicated on the label. Sensitivity of vaccine to some environmental factors 
(e.g. light or freezing) should be stated together with recommended preventive 
measures (e.g. the vaccine should not be exposed to freezing temperatures or 
should be protected from light).

If vaccine vial monitors (VVM) are to be used, adequate stability data 
should be generated to support selection of appropriate VVM for a specific 
vaccine. Further details on the use of VVM for different types of products are 
available elsewhere (11).
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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 2006, 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

Pertussis vaccine (whole cell) 40 IU per ampoule Fourth International 
Standard

Poliovirus, Sabin, type 3 No assigned value WHO(SO+2)/III 
Neurovirulence Reference 
Preparation

Smallpox vaccine 7.3 log10 chorioallantoic 
membrane pock forming 
units/ml after reconstitution 
in 0.25ml sterile water

Second International 
Standard

Antisera

Anti-measles (plasma) 3 IU per ampoule of 
neutralizing antibody

Third International Standard

Anti-poliovirus serum types, 
1,2 & 3

11, 32 and 3 IU per vial of 
neutralizing antibody to 
poliovirus types 1, 2 and 3 
respectively

Third International Standard
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Preparation Activity Status

Blood products and related substances

Alpha-1-Antitrypsin,  
plasma

243 nmoles (12.4 mg) active 
alpha-1-antitrypsin per 
ampoule

First International Standard

Blood coagulation Factor XIII,  
plasma, human

0.93 IU/ampoule of FXIII 
antigen

First International Standard

Protein C, plasma, human 0.85 IU/ampoule of protein C 
functional activity; and 0.84 
IU/ampoule of protein C 
antigen

Second International 
Standard

Protein S, plasma, human 0.83 IU/ampoule total 
protein S antigen; 0.81 IU/
ampoule free protein S 
antigen; and 0.77 IU/
ampoule protein S functional 
activity

Second International 
Standard

Cytokines, growth factors and endocrinological substances

Thyroid-Stimulating 
Hormone, Human, 
Recombinant, for Bioassay

9.5 IU/ampoule First International Standard

Interleukin 17 10,000 U/ampoule Reference reagent

Interleukin 18 10,000 U/ampoule Reference reagent

Diagnostic reagents

Hepatitis B DNA, for Nucleic 
acid Amplification Test 
Assays

5x105 IU/vial Second International 
Standard

Plasmodium falciparum, in 
whole blood, for Nucleic acid 
Amplification Test Assays

5x108 IU/vial First International Standard

Anti-Human 
Immunodeficiency Virus 
tests

No assigned unitage First International Reference 
Panel

Anti-Human Platelet Antigen 
3a, for minimum potency 
estimations

No assigned activity; 
however a 1 in 8 dilution 
should define the  minimum 
potency specification for 
anti-HPA-3a detection

First International Standard
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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)
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Recommendations, Guidelines and other 
documents

Reference

Hepatitis B vaccines made by recombinant DNA 
techniques

Adopted 1988, TRS 786 (1989); 
Amendment 1997, TRS 889 (1999)

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)

Japanese encephalitis vaccine (inactivated) for 
human use

Adopted 1987, TRS 771 (1988)

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 xxx (2010)

Meningococcal C conjugate vaccines Adopted 2001, TRS 924 (2004); 
Addendum 2003, TRS 926 (2004)

Monoclonal antibodies Adopted 1991, TRS 822 (1992)

Papillomavirus vaccine, human Adopted 2006, TRS xxx (2010)

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 xxx (2010)

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)
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